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Abstract

Objective: Very little is known about the mental health status in children with genetic causes of
hyperandrogenism. This study sought to characterize psychiatric morbidity in this group.
Design/methods: Children (8—18 years) with the diagnosis of classic congenital adrenal hyperplasia
(CAH) or familial male precocious puberty (FMPP) underwent a semi-structured psychiatric interview,
the Kiddie Schedule for Affective Disorders and Schizophrenia-Present and Lifetime Version. According
to sex and the literature, incidence of identified psychopathology was compared between the two
endocrinological groups. We evaluated 72 patients: 54 CAH (21 females) and 18 FMPP.

Results: Twenty-four (44.4%) CAH patients and 10 (55.6%) FMPP patients met the criteria for at least
one lifetime psychiatric diagnosis. Attention-deficit hyperactivity disorder (ADHD) was present in
18.2% of CAH males, 44.4% of FMPP males, and one case (4.8%) in CAH females. A high rate of
anxiety disorders was also found in all the three groups (17-21%). Relative to females with CAH, the
FMPP patients exhibited higher rates of ADHD. Age at diagnosis and the treatment modalities were not
associated with psychopathology. Rates of psychiatric disorder, specifically ADHD and anxiety
disorders, were higher than in the general population.

Conclusion: Although anxiety disorders may occur at an increased rate in children with chronic illness,
androgens may contribute to higher risk for psychopathology in pediatric patients with genetic cause
of excess androgen. Early diagnosis and treatment of childhood hyperandrogenism is essential for
optimal development. The results suggest that assessment for psychiatric disorders should be part of

the routine evaluation of these patients.
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Introduction

Complex developmental and structural changes in the
human brain begin in the first trimester (1) and endure
well into early adulthood (2). An impact of androgens
on the development of sexual dimorphism of the brain
during adolescence has been described recently (3, 4).
Perturbations in exposure to sex steroids during this
sensitive developmental period can manifest in beha-
vioral changes (5, 6). The timing, duration, and level of
hormonal exposure all are likely modulators of the
effects of hormones on the developing brain.

The relevance of androgens in the development of
psychopathology has been suggested by sex-related
differences in the prevalence, course and treatment
response of several psychiatric disorders. Some investi-
gators have proposed a role of androgen in the male
dominance of certain psychiatric disorders such as
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pervasive developmental disorders (7) or Tourette’s
syndrome (8). For example, attention-deficit hyper-
activity disorder (ADHD) and conduct disorder, both
around twice as likely in boys than girls (9, 10), have
been found to be associated with the androgen receptor
(AR) gene (11). A role of androgen in the development
of psychopathology is further corroborated by pre-
liminary findings of abnormal local gray matter volume
or concentration in striatum and medial temporal lobe
in studies with predominantly male patients with
ADHD, conduct disorder, or pervasive developmental
disorder (12—15). Taken together, evidence of hormonal
influences on emotional reactivity, brain structure and
function, and behavior would suggest that youths with
hyperandrogenism might be at risk for developing
psychiatric disorders.

Children who are exposed to excess androgen early
in life due to genetic disorders of steroidogenesis offer a
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natural model in which to study the potential effects
of androgen on the developing brain. The most
common cause of hyperandrogenism in childhood is
classic congenital adrenal hyperplasia (CAH), an
autosomal recessive disorder characterized by
cortisol deficiency and excess androgen of adrenal
origin (16). Studies in females suffering from CAH have
documented a higher than expected prevalence of
male-typical traits and behaviors (17, 18), more male-
typical childhood play (19), show more interest in
male-typical activities and careers (17), and exhibit
more aggression (18) than unaffected females.
Although findings in males with CAH have been
mixed (19-21), favorable psychological health, based
on the Child Behavior Checklist (CBCL) (22), has been
reported in both male and female CAH patients treated
early in life (23). Previous studies have specifically
investigated sexual identity (24) or behavioral traits
associated with autism in females with CAH (25) but,
to our knowledge, no comprehensive psychiatric
evaluations have been reported. Behavioral changes
such as increased levels of aggression have also been
observed in males with familial male precocious
puberty (FMPP) (26), a genetic male-limited cause of
precocious puberty due to activating mutations of the
LH receptor (27, 28). No studies have reported on rates
of psychopathology in this rare congenital syndrome
(up to 9 in 1 million; Orphanet).

Although the CBCL is frequently used as a screening
instrument, a structured diagnostic interview such as
the Kiddie Schedule for Affective Disorders and
Schizophrenia-Present and Lifetime Version (KSADS-
PL) may be necessary to identify the clinical criteria for
the presence of psychopathology in children (29). The
KSADS is a standardized, reliable, and semi-structured
psychiatric diagnostic interview that generates
Diagnostic and Statistical Manual of Mental Disorders
(DSM-1V) psychiatric diagnoses with excellent test-retest
reliability for present and lifetime diagnoses. Studies
have also shown that the CBCL is less sensitive at
detecting psychiatric disorders than a standardized
psychiatric interview (30).

Thus, based on the surprising lack of formal
psychiatric evaluations in disorders of androgen func-
tion, and on the widespread notion of a role of
androgens in male dominance of psychiatric disorders,
we sought to assess the presence of clinical psycho-
pathology in children with two forms of known
hyperandrogenism early in life, CAH and FMPP. To
this aim, the KSADS-PL was used. We hypothesized that
early and prolonged exposure to androgens might
predispose children to risk for psychopathology. More-
over, given that CAH is characterized by excess
androgen and also cortisol deficiency (16) and FMPP
by selective testosterone excess (31), we evaluated
differences in psychopathology between males and
females with CAH and males with FMPP.
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Methods

Patients

English-speaking patients aged 8-18 years with
the diagnosis of CAH or FMPP were part of an
ongoing natural history study of patients with excess
androgen at the NIH Clinical Center (Clinical Trials
# NCT00250159). Upon a routine endocrine evaluation,
all patients with a diagnosis of classic CAH or FMPP
were invited to undergo psychiatric assessment. None
refused to participate in this psychiatric evaluation.
Patients were recruited from October 2002 through
January 2009. Seventy-two adolescents were enrolled
including 54 patients (21 females and 33 males) with
CAH and 18 males with FMPP. The study was approved
by the institutional review boards at the National
Institute of Child Health and Human Development and
the National Institute of Mental Health. Each patient or
a parent gave written informed consent, and the
children gave their assent.

Study protocol

All patients underwent a physical examination by a
pediatric endocrinologist (E W L or D P M) as part of
their routine evaluation. Height, weight, and body mass
index (BMI) were recorded. Pubertal stage was assessed
by physical examination according to the criteria of
Marshall & Tanner (32). In males, pubertal stage was
assessed using a modified genital staging method based
on the average volume of both the testes (33).
Specifically, testicular volumes <4 ml were defined as
stage 1; 4 to <8 ml as stage 2; 8 to <12 ml as stage 3;
12 to <15ml as stage 4 and >15ml as stage 5.
Household socioeconomic status (SES) was determined
according to the Hollingshead Scale, a four-factor index
based on a composite of maternal and paternal
education and occupational status (34). Within 1 to
2 days of their physical examination, patients under-
went a psychiatric evaluation. However, because the
objective for enrollment was endocrinological treatment
and no mention was made a priori of psychiatric
evaluation, any potential referral bias was unlikely to
happen. Moreover, patients were recruited from all over
the US and they were well distributed in terms of
economic backgrounds.

All patients were assessed with the KSADS-PL. The
parent (85-90% of the time the mother was the parent
respondent) and the child were interviewed separately
about the child’s behavior (29). Discrepancies in
descriptions of behavior between parent and child were
being recorded and also compared with teacher report
cards or previous visits with pediatricians, and diagnosis
was assigned by consensus among clinicians. Trained
clinicians with graduate and postgraduate training
and established inter-rater reliability (all x> 0.80)
completed the KSADS-PL on every participant, and
clinical assessments were made concurrent with
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the KSADS interview based on both parent and child
report. Psychiatric disorders were grouped into four
main categories: i) anxiety disorders (panic disorder,
separation anxiety disorder, avoidant disorder/social
phobia, overanxious/generalized anxiety, and obsessive—
compulsive disorder); ii) disruptive behavioral disorders
(ADHD, oppositional defiant disorder (ODD), and
conduct disorder); iii) substance abuse (cigarette use,
alcohol use, and drug abuse); iv) mood disorders (major
depression, mania and hypomania); and v) other
disorders (tic disorder, enuresis, encopresis, anorexia
nervosa, and learning disorder).

Statistical analysis

Height SDS, weight SDS, and BMI SDS were
determined using anthropometric reference data for
US children (35). Owing to sex-specific prevalence
rates for psychiatric disorders (36, 37), we compared
three groups: CAH males, CAH females and FMPP.
Demographic and clinical data comparisons of
patient groups were performed using MANOVAs for
continuous variables. For categorical variables, the
Kruskal-Wallis test was used and, in case of
significance, follow-up tests were conducted with the
Mann-Whitney U test. Similar tests of demographic
and clinical variables were used to compare the CAH
groups according to sex, and the presence or absence
of various psychiatric diagnoses in the CAH and FMPP
groups. A multivariable logistic regression was used
to predict the presence of psychopathology in the
two groups separately. To establish which factors
contributed to risk for lifetime psychopathology, we
included age at diagnosis, and history of GNRH
analog (GNRHa) treatment for central puberty
(ves/no). Severity of disease (salt-wasting (SW) versus
simple-virilizing (SV)) was also included for the CAH
patients and current medication for the FMPP
patients. All tests were two-tailed with « set at 0.05.
A Stepdown Bonferroni (Holm) correction was applied
to P values derived from multiple comparisons for
all post hoc tests. Adrenal hormone levels were
log-transformed, as necessary.

For the comparison of each current group with the
healthy and chronic disease population estimates,
Fisher’s exact test was used. Our estimates for mood
disorders, anxiety disorders, ADHD as well as disruptive
behavioral disorders were obtained from a large
community study by Ford et al. (38) in youths. For the
comparison of each current group with children and
adolescents with other chronic diseases, estimates were
obtained from a study by Davies et al. (39) that
examined the prevalence rates in youths with epilepsy
and diabetes. Given the potential methodological
differences, such as differences in assessment, a
conservative approach was adopted and all tests were
corrected for multiple comparisons using the Stepdown
Bonferroni (Holm) procedure. The data were analyzed
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using SPSS v 15 (Chicago, IL, USA) and SAS v 9.1 (Cary,
NC, USA). In addition, a review of the relevant studies of
psychopathology in youths with or without chronic
disorders is provided (Table 1) to facilitate comparison.

Results

Sample characteristics

The majority of patients participating in the study had
CAH (Table 2). Two patients with CAH had classic
11-hydroxylase deficiency, and 52 patients had CAH
due to classic 21-hydroxlase deficiency. Of the patients
with classic CAH, 33 were SW (13 females) and 19 were
SV (8 females). All patients with CAH were on
glucocorticoid replacement therapy (average hydro-
cortisone dose 12.6+4.5mg/m” per day). CAH
patients with 21-hydroxylase deficiency were also
treated with mineralocorticoid (fludrocortisone). Fifteen
(27.8%) patients with CAH and 13 (72.2%) patients
with FMPP were currently receiving or had received
GNRHa for suppression of central puberty. Nine (50.0%)
patients with FMPP were receiving an anti-androgen
(spironolactone) and aromatase inhibitor (arimidex) for
treatment of their precocious pseudopuberty, while nine
(50.0%) patients with FMPP were not receiving
medication.

Multivariate ANOVA indicated significant group
differences on age of diagnosis (P<0.001), bone age
(P=0.04), and SES (P=0.026). All the three groups did
not differ on the measurements of height (P=0.06),
weight (P=0.20), BMI (P=0.27), or IQ (P=0.22).
Post hoc comparisons revealed that CAH females and
CAH males were diagnosed, on average, significantly
earlier than FMPP (P <0.001), and age at diagnosis did
not differ between CAH males and CAH females
(P=0.33). Bone age of the FMPP group was more
advanced than that of CAH females (P=0.04) but not
significantly different from CAH males (P=0.16), while
the CAH subgroups did not differ from one another
(P=1.00). SES differed only between FMPP and CAH
males (P=0.02) but not between FMPP and CAH
females (P=0.31). Again, no difference in SES between
the CAH subgroups was present (P=0.94). Relative to
CAH males, FMPP boys showed more advanced sexual
maturation, with larger testicular volume (P<0.001)
and more pubic hair (P <0.001). FMPP boys had higher
testosterone levels relative to both CAH boys (P <0.001)
and CAH girls (P<0.001).

Lifetime psychiatric diagnosis

The psychiatric interview by means of the KSADS
revealed that 24 (44.4%) patients with CAH and
10 (55.6%) patients with FMPP met the criteria for at
least one psychiatric diagnosis in their lifetime (Table 3).
The most common lifetime diagnoses were ADHD
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Table 2 Clinical characteristics of subjects with congenital adrenal hyperplasia (CAH) and familial male precocious puberty (FMPP).

Data are mean+s.p., unless otherwise specified.

CAH CAH females CAH males FMPP males Statistical
(n=54) (n=21) (n=33) (n=18) significance
Age (years) 125+2.6 13.3+2.9 12.0+24 12.94+3.1 NS
Age at diagnosis (years) 1.0+1.6 0.5+1.2 1.3+1.7 3.8+2.1 P<0.0012P
Ethnicity (%)
White-not Latino 50 (92.6) 20 (95) 31 (94) 16 (88.9) NS
African—American 2 (3.7) 1(5) 1(3) 1(5.6) NS
Hispanic 2 (3.7) - 1(3) 1(5.6) NS
SES° 48+24 52+25 47+24 67130 P<0.05%
1Q 106+ 14 104+12 107+15 99+16 NS
Bone age (years) 13.4+2.4 13.1£3.1 13.7+1.9 15.1+2.9 P<0.05°
Height SDS —-0.0+1.2 —-04+1.2 0.3t1.4 0.4+1.4 NS
Weight SDS 0.9+1.4 0.5+1.3 1.1+£1.4 0.9+1.0 NS
BMI SDS 11+1.1 0.8+1.1 1.2+1.1 0.9+0.9 NS
Tanner stage
Pubic hair 28+1.6 32+1.5 25+1.4 3.9+1.1 P<0.001%
Testicular volume (males) - 20+1.4 4.0+1.0 P<0.001%
Breasts (females) 3.4+1.3 - -
Testosterone (ng/dl) 60.1+78.8 147.84+205.9 382.4+179.6 P<0.0012®

NS, not significant.
2CAH males versus FMPP.
PCAH females versus FMPP.

°The Hollingshead four-factor index of socioeconomic status (SES) based on a composite of maternal education, paternal education, maternal occupational
status, and paternal occupational status (Hollingshead 1975). A higher score reflects lower SES.

(18.2% in CAH males and 44.4% in FMPP), and
separation anxiety disorder (18.2% in CAH males).
Comparisons between groups revealed significant
differences in lifetime disruptive behavioral disorders
(P=0.036), specifically ADHD (P<0.05). Post hoc
follow-up comparisons between groups showed that
FMPP boys exhibited higher ADHD rates than CAH
girls (P=0.016). All other comparisons did not
remain significant.

When rates of psychiatric disorder in FMPP were
compared with the estimated population prevalence
rates, FMPP boys showed increased rates of anxiety
disorders (P=0.02), mood disorders (P=0.03), dis-
ruptive behavioral disorders (P<0.001), ADHD
(P<0.001), and tic disorders (P=0.001). Boys with
CAH showed increased rates relative to the population
estimate in anxiety disorders (P<0.001), disruptive
behavioral disorders (P<0.01), and ADHD (P<0.01).
By comparison, CAH females only showed increased
rates of anxiety disorders relative to healthy adolescent
females (P <0.02).

When our data were compared with psychiatric
morbidity in youths suffering from chronic disorder,
our patient sample showed significantly elevated rates
in ADHD relative to youths with uncomplicated epilepsy
(P=0.003) or diabetes (P=0.009), but did not differ
from youths with complicated epilepsy (P=0.39).

Co-morbidity of psychiatric disorder in the
CAH subgroups

Comparing all SW versus SV revealed a trend for
lifetime mood disorders (both P=0.06). We also

www.eje-online.org

evaluated CAH type separated by sex. For males, a
marginally significant difference between SW and SV
emerged on mood disorders (both P=0.05). These data
showed that 18% of SV males in comparison to no cases
in SW males suffered from a mood disorder. By
comparison, no differences between SW and SV CAH
were present in females.

Additional factors

For the patients with CAH, the presence or absence of
lifetime psychiatric disorder did not differ according to
current age, age at diagnosis, sex, SES, IQ, or history of
treatment with GNRHa for central precocious puberty.
In particular, age at diagnosis and history of treatment
with GNRHa were not predictive of ADHD.

For the patients with FMPP, the presence or absence
of lifetime psychiatric disorder did not differ according to
current age, age at diagnosis, SES, IQ, current
medication, or history of treatment with GNRHa for
central precocious puberty. Particularly, these factors
were also not predictive of ADHD, tic disorder or
substance use disorder.

Discussion

The goal of this study was to characterize psychiatric
co-morbidity in CAH and FMPP and bring to the
attention of the primary provider the mental health
needs of these youths.

Our patients with hyperandrogenism exhibited high
rates of KSADS-derived psychopathology, with 33-55%
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Table 3 Lifetime prevalence of psychiatric disorders® in patients with CAH or FMPP.

CAH FMPP
(n=18)
Female (n=21) Male (n=33) Significance
Any disorder® 7 (33.3) 17 (51.5) 10 (55.6) NS
Range of number of co-morbid disorders 0-3 0-6 0-6
Anxiety disorders® 4 (19.1) 7 (21.2) 3(16.7) NS
Separation anxiety disorder 2 (9.5) 6 (18.2) 1(5.6) NS
Avoidant disorder/social phobia 1(4.8) - 2 (11.2) NS
Agoraphobia/specific phobia 1(4.8) 2 (6.0) 1(5.6) NS
Generalized anxiety/overanxious - 1(3.0) - NS
OoCD 1(4.8) 1(3.0) - NS
Mood disorders® - 2 (3.0 2 (11.1) NS
Disruptive behavioral disorders® 2 (9.5) 9 (27.0) 8 (44.4) <0.05'
ADHD 1(4.8) 6 (18.2) 8 (44.4) <0.05'
Oppositional defiant disorder 1(4.8) 1(3.0) 1(5.6) NS
Conduct disorder - 2 (6.0) 1(5.6) NS
Substance abuse? - - 2(11.1) NS
Other disorders” 3 (14.3) 8 (24.0) 3(16.7) NS
Tic disorder - - 2(11.1) NS
Learning disorder - 1(3.0) - NS
Enuresis 1(4.8) 4 (12.0) - NS
Encopresis 1(4.8) - - NS
Binge eating - - - NS

@psychiatric Disorders assessed by the Kiddie Schedule for Affective Disorders and Schizophrenia Present and Lifetime Version (K-SADS-PL). Data are n (%).
®Includes all disorders listed in anxious, disruptive behavioral, substance abuse, mood, and other disorder.
°Panic disorder, separation anxiety, avoidant disorder/social phobia, agoraphobia/specific phobia, overanxious/generalized anxiety, obsessive—compulsive

disorder, and posttraumatic stress disorder.

9Major depression, mania, and hypomania.

®ADHD, oppositional defiant disorder, and conduct disorder.
fCAH females versus FMPP.

9Cigarette use, alcohol abuse, and substance abuse.

"Enuresis, encopresis, anorexia nervosa, tic disorder, learning disorders, and other disorder.

of the sample suffering from a psychiatric condition.
In particular, while females with CAH showed a 33%
co-morbidity rate with a psychiatric disorder, both CAH
males and FMPP showed a 51-56% co-morbidity rate.
Among the disorders, ADHD (18-44%) and anxiety
disorders (16-21%) were the most prevalent. The
relevance of androgens in the development of psycho-
pathology has been suggested based on sex-related
differences in the prevalence, course and treatment
response of several psychiatric disorders. Conditions that
show male preponderance include some anxiety
disorders (e.g. childhood-onset obsessive—compulsive
disorder), pervasive developmental disorders (e.g. aut-
ism), and disruptive behavioral disorders, such as ADHD,
conduct disorder, tic disorder, and ODD (36, 40-43). Our
data are in agreement with these observations.

The etiology of ADHD and the reason for the
increased prevalence of ADHD in the male general
population is unknown, but possible factors include
genetic, and environmental factors (44). Although no
comprehensive survey of ADHD prevalence using full
DSM-IV (TR) criteria in the US has been conducted, the
population prevalence has been estimated at 4.7%
based on a sample of ~23 000 cases (9). During the
prenatal and early postnatal period, males have
significantly higher levels of testosterone than females.
Fetal testosterone measured in amniotic fluid has been
found to be associated with sexually differentiated play

behavior in school-aged males and females, implicating
early testosterone exposure as having a key role in
human behavior (45). Interestingly, a short second-
to-fourth finger length ratio, a potential indirect
measure of in utero androgen exposure, has been
found to be associated with ADHD in boys, but not in
girls (46). It has been suggested that there may be a
threshold effect of androgen on the risk of ADHD, such
that girls are not at risk. However, in this study of males
and females, exposed to high levels of androgen in utero
and during childhood, only males were found to have a
higher prevalence of ADHD. This suggests that early
exposure to androgens may be a risk factor for ADHD,
but only in the presence of other male-specific risk
factors. Although age at diagnosis was not a significant
predictor of ADHD, it is possible that the later diagnosis
and delayed treatment in males contributed to the
higher incidence of ADHD and that early treatment in
females avoided such an effect. Larger and more
strongly powered studies are needed to evaluate this
potential contributing factor.

This study also found a high rate of anxiety disorders in
all the three groups. The prevalence of anxiety disorders
in childhood and adolescence in the normal population is
estimated to be around 9.5% (38). Although the etiology
of anxiety disorders is not fully understood, evidence from
both preclinical and clinical studies supports the
contribution of corticotropin-releasing hormone (CRH)
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in the expression of anxiety-related behaviors, mainly
through CRH neurocircuits connecting the amygdala
and locus coeruleus (47, 48). In CAH patients, increased
CRH secretion is expected in the untreated or under-
treated state. Thisincreased CRH secretion reflects a block
in cortisol production, leading to an overall elevation of
CRH due to lack of feedback inhibition (49). In a previous
study, we found decreased amygdala volume in CAH
children, suggesting that alteration in the hypothalamic—
pituitary—adrenal axis affects the growth and develop-
ment of the amygdala (49). CRH-induced alterations of
the locus coeruleus and/or amygdala functioning may
play arole in the development of anxiety disorders in CAH
patients. However, the high incidence of anxiety in
patients with FMPP suggests that sex steroids may also
play a role in the pathophysiology of anxiety disorders.
Preliminary research in the rodent on the impact of
gonadal hormones on fear behavior supports such a
conjecture (50). However, given that the directionality of
this impact (anxiogenic versus anxiolytic) appears to be
modulated by the duration of exposure and dosage, more
clarifying research is needed (51).

Finally, 11% of FMPP males showed the presence of a
tic-related disorder. Prevalence rate in the general
population has been estimated at 0.07% (38), with
males being 3-4 times more likely to develop this
disorder relative to females (43). Male dominance of tic
disorders has been taken to suggest an influence of
androgens (8). In support of this view, perturbations in
the plasma levels of LH have been reported in Tourette’s
syndrome (52). Moreover, administration of anti-
androgens in patients with Tourette’s syndrome has
been found to decrease symptoms (53), while use of
anabolic steroids in male athletes with this disorder has
been found to increase symptomatology (54). Although
increased rate of Tourette’s syndrome in FMPP is
consistent with androgen involvement in tic disorders,
future research would need to address this issue further.

One major limitation of examining psychiatric
morbidity in youths with medical pathology is the
difficulty of finding appropriate comparison groups.
For example, collecting data on a sample of healthy
volunteers would not adequately reflect prevalence
rates in the general population. In fact, nation-wide
studies with much larger samples have been
conducted and are more likely to provide adequate
estimates (9, 37). Second, a healthy control group does
not control for experiencing a serious chronic medical
condition. For example, while the rate of co-morbid
psychiatric disorder in the general population (ages
5-14; sample 11 865 youths) is estimated at 6.6%, the
prevalence rate for mental disorders for youths with
chronic physical disorders has been estimated at 11.6
and 34.3% for children and adolescents with neuro-
epileptic disorders (55). The psychosocial stress of
experiencing a chronic endocrine disorder early in life
may have also been a contributing factor to the
development of an anxiety disorder. Finally, we did not
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assess genetic risk for anxiety disorders or ADHD in
families with CAH or FMPP, and a potential genetic
contribution to psychiatric disorders in these families is
unknown. Thus, direct comparisons and inferences are
difficult and an ideal control group does not exist. Many
prior studies do not have a control group (58, 59, 61),
cover a broad age range (64), or compare their findings
to the literature (63) (Table 1). However, comparing the
current rates with those found in prior studies in both
chronic and healthy populations allowed us to provide a
more general picture to facilitate comparison. Indeed,
we found that our endocrine patients with genetic forms
of hyperandrogenism had higher rates of ADHD than
children with other chronic diseases (uncomplicated
epilepsy and diabetes), and this higher rate was
comparable with that reported with complicated
epilepsy of childhood.

Previous studies have documented increased
presence of traits associated with autism, but not
autism per se, in females, but not males with CAH
relative to controls (25). While the KSADS does not
specifically cover autism spectrum disorders (ASD), it is
unlikely that patients with a severe form of ASD may
have passed through examination unnoticed given its
clinical presentation. However, while it cannot be
completely ruled out that patients may have suffered
from mild ASD, the lack of autistic tendencies in males
with CAH (25) suggests that it is unlikely that our
current findings of increased psychopathology in CAH
males were obscured by co-morbid autism. Likewise,
while previous research has documented increased
rates of gender identity issues in CAH (24), a disorder
not covered by the KSADS, the goal of this study was to
characterize more frequent childhood and adolescent
psychiatric disorders.

In summary, the high rate of behavioral disturbances
and the presence of symptoms of psychopathology in
the CAH and FMPP groups underscore the mental
health needs of these children. The current results
suggest that assessment for psychiatric and behavioral
disorders should be part of the routine evaluation of
these patients. Preventive measures, such as counseling
the families of children with CAH and FMPP to be more
vigilant for detecting the early appearance of symptoms
of psychopathology, are warranted. Our findings
provide preliminary evidence that youth with hyperan-
drogenism may be at risk for anxiety disorders and
males with genetic causes of hyperandrogenism may be
at risk for ADHD and disruptive behavioral disorders.
Further research is needed to define the role and
underlying mechanisms of hormone imbalances in the
development of pediatric psychopathology.
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