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Abstract

Girls with premature adrenarche (PA) are at risk for multiple problems related to exaggerated
androgen synthesis. Whether PA carries a risk of psychopathology remains unknown. This study
examined group differences in: (a) anthropometric and endocrine parameters, and (b) mood and
behavior problems, in 6-8 year-old girls with PA (n = 40) compared to on-time adrenarche girls (n
= 36). PA girls were taller (p <0.05) and heavier (p <0.01) than the on-time adrenarche girls but
body mass index showed no difference. PA girls had significantly (p <0.05) higher adrenal
androgen and testosterone concentrations but not cortisol or leptin. PA girls also had significantly
more oppositional defiant disorder, and higher symptom counts reflecting anxiety, mood or
disruptive behavior disorders. PA girls may be more vulnerable to psychopathology than on-time
adrenarche girls. The challenge of future studies is to determine which PA girls are at risk for
psychopathology and which are more resilient.
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INTRODUCTION

Literature reporting that puberty begins earlier in girls than in previous cohorts! brought
controversy to the field of pediatric endocrinology and primary care? calling into question
the age at which early puberty should be clinically evaluated rather than defined as ‘normal’.
Medical pathology maybe present in early maturing girls®.

One early maturing group representing potential pathology is girls with premature
adrenarche (PA). PA is defined as the appearance of pubic hair in girls <8 years6. PA
children have high-for-age adrenal androgens’, body odor, and axillary and leg hair. At PA
onset, there is no gonadal axis activation and thus no thelarche or menarche.
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PA has been defined as a benign variation of normal. However, many girls with PA have
exaggerated adrenal and ovarian androgen biosynthesis®-?, polycystic ovarian syndrome
(PCOS) in their reproductive years0, and risk for metabolic syndrome. PCOS may be
associated with infertility, hirsutism, obesity, and early appearance of cardiovascular risk
factors 11-14,

Girls with PA also may be at risk for psychosocial problems!®. The purpose of this study
was two-fold. The first purpose was to evaluate endocrine and anthropometric differences
between girls with PA and on-time adrenarche. It was hypothesized that adrenal androgens,
testosterone. (T), cortisol, and leptin would be higher in girls with PA. Differences in T and
leptin may result from variation in adiposity, whereas cortisol differences may be related to
hypothalamic pituitary adrenal (HPA) dysfunction in vulnerable individuals during
biological transitions!6:17, The second purpose was to examine differences in mood and
behavior problems in girls with PA compared to on-time girls.

It was hypothesized that depressive symptoms/anxiety and acting out behaviors would be
more frequent in PA compared to on-time adrenarche girls. This study represents the largest
cohort girls with PA carefully matched with girls with on-time adrenarche, evaluated for
psychological parameters in conjunction with the endocrine milieu.

PARTICIPANTS AND METHODS
Study population

Procedures

The study included 40 girls with PA and 36 with on-time adrenarche (Table 1). Eligibility
criteria for PA included: female, age 6-8 years, benign PA documented by a pediatric
endocrinologist, Tanner 1 breast, Tanner 2 or greater pubic hair and prepubertal estradiol
concentrations, English speaking, 1Q =75, and no acute/chronic disorders or medication that
could influence endocrine measures (e.g., steroids). Girls with on-time adrenarche were
recruited from the community and matched to the PA group with regard to age (+ 6 months),
race, gender, socioeconomic status (SES®), and body mass index (BMI) (x 20%). Eligibility
criteria for the on-time girls were the same as the PA girls with the exception that they were
Tanner 1 breast and pubic hair.

PA girls were recruited from pediatric endocrine clinics in Pittsburgh and Cincinnati and
from letters distributed to community clinicians in both communities. On-time girls were
recruited from both communities via advertisements, flyers and the like. The study was
approved by all Institutional Review Boards. Parents provided informed consent and
children provided assent.

Of the 76 participants, 34 were recruited from the Pittsburgh site (18 [52.9%] PA); 42 were
recruited from the Cincinnati site (22 [52.4%] PA). There was no site difference in the
distribution of PA/on-time participants (Xz, p = 0.96). Children from the Pittsburgh site
were slightly younger (7.3 £ 0.7 years vs 7.7 £ 0.9, p = 0.02). No other site differences were
found in grade in school, race/ethnicity, parental education, SES, Tanner stage, height,
weight or BMI.

For each child; the visit began between 11.30 and 13.00 h to control for diurnal rhythms in
hormones. Girls were fasting for 120 minutes prior to blood sampling to eliminate potential
post-prandial increases in cortisol. Visits were conducted in a General Clinical Research
Center (GCRC).
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Anthropometric and pubertal measures—Height and weight were measured three
times (Harpenden wall-mounted stadiometer; Holtain Ltd., UK) and the ScaleTronix stand
on scale (ScaleTronix, Carol Stream, IL), respectively. Three values were averaged.

BM/was computed [weight (kg)/height (m?)]. Girls were also categorized as normal weight,
at risk for overweight (BM1 >85™ percentile <95! percentile), or overweight (>95%
percentile) based on CDC criteria.

Lean body mass was computed!®.

Pubertal stage was determined by physical examination by trained clinicians20. Inter-rater
agreement on 25% of the examinations across the study was 100% for breast and pubic hair
ratings.

Laboratory assays—Blood samples were drawn three times at 20 minute intervals to
capture the ultradian cortisol rhythm. Samples were centrifuged, separated and serum was
frozen at —80°C until assayed. Samples were pooled (other than cortisol), pair-matched for
assay, and analyzed in duplicate.

DHEAS was measured using solid phase radio-immunoassay (RIA) (DSL, Webster, TX).
Inter- and intra-assay coefficients of variation (CVs) were 12% and 5% at a concentration of
20 pg/dl.

Androstenedione was measured by RIA (Coat-A-Count, DPC Los Angeles, CA). Inter- and
intra-assay CVs were 8% and 4% at 125 ng/dl.

Testosterone was assayed using the Active® Testosterone RIA kit from Diagnostic Systems
Laboratories, Inc. Minimum detection limit was 0.08 ng/ml. Intra-assay CV ranged between
9.6% and 7.8% at a concentration of 0.94 and 19.1 ng/ml. The inter-assay CV was 8.6% at
0.7 and 8.4% at 16.06 ng/ml.

Cortisol was assayed on the Nichols Advantage® Specialty System using
chemiluminescence. Sensitivity was 0.8 pg/dl. The intra-assay CV ranged between 8.7%
and 3.8% at 2.3 pg/dl and 28.9 pg/dl. The inter-assay CV ranged between 17.4% and 8.7%
at 2.3 pg/dl and 28.9 pg/dl. For cortisol, area under the curve (AUC) and net response
(NET) were calculated with samples at 0, 20, and 40 minutes?L.

Leptinwas determined using an enzyme-linked immunosorbent assay (DSL, Webster, TX).
Inter-assay and intra-assay CVs were 9% and 2% at 10 ng/ml.

Estradiol was measured using an ultrasensitive RIA (DSL, Webster, TX). Sensitivity was
1.0 pg/ml based on the mean = 2 SD of 17 replicates of the 0 pg/ml assay standard. Inter-
and intra-assay CVs were <5% at 20 pg/ml.

Mood and behavior problems

The Diagnostic Interview Schedule for Children (DISC)22 is a structured computerized
interview administered to the parent. It is designed to screen for childhood psychiatric
diagnoses in the past year, past month, and lifetime, and is scored using computer
algorithms. Additionally, symptom counts were obtained.

The Child Behavior Checklist (CBCL )23 records parent perception of behavior problems.
Scoring results in eight subscales as well as two broad-band scores (internalizing,
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externalizing), and a total behavior problem score. The proportion of participants who fell
above the borderline clinical cut-off point (60+) was calculated. T-scores (standardized
scores, mean = 50, SD = 10) and the corresponding borderline clinical rates were calculated.
Reliability coefficients ranged from a = 0.43-0.86 (mean = 0.69).

The Teacher Report Form?* is parallel to the CBCL. Reliability coefficients in this sample
ranged from a = 0.51-0.96 (mean = 0.82). The proportion of participants who fell above the
borderline clinical cut-off point (60+) was calculated.

The Children’s Depression Inventory (CDIFS is a 27-item self-report measure of depressive
symptoms. The reliability coefficient (total score) in this sample was a = 0.87.

The State Trait Anxiety Inventory for Childrer?® is a self-report measure for children under
age 12 years and includes 20 state and 20 trait anxiety items. Reliability coefficients for state
and trait anxiety were a = 0.85 and a = 0.83, respectively.

Relational aggression was measured using a 4-item self-report?’. Relational aggression is
thought to reflect aggression expressed by girls compared to more acting out behaviors
exhibited in boys. The reliability coefficient was a = 0.61.

Statistical analyses

RESULTS

Group comparisons were conducted to ensure balance on the potential confounding
variables. Since none of the baseline variables were significantly different between the two
groups, no co-variates were considered. Primary study outcomes were Internalizing,
Externalizing and Total CBCL t-scores, selected since a young population would be less
likely to have clinical diagnoses. Study outcomes were compared between two groups using
or Fisher’s Exact method for categorical data, and Student’s t-test or the Kruskal-Wallis test
(KW) on continuous or ordinal data. Multivariate analysis of variance (MANOVA) was
used to examine overall group differences. Since MANOVA takes into account correlations
between multiple items for each measure, no adjustment for multiple comparisons was
considered. The study has 80% power to declare statistical significance (2-sided alpha =
0.05) for an effect size of 0.65 or larger using two groups t-test; while only 65% power is
estimated for the study to detect a medium effect size of 0.5.

Group differences in anthropometric and hormone measures

Significant group differences were noted for height (p = 0.02) and weight (p = 0.02) with
girls with PA being taller and heavier than on-time girls. BMI was not higher in PA
compared to on-time girls (p = 0.09). More PA girls were overweight and had significantly
higher lean body mass (p = 0.004) than on-time girls (Table 2).

For breast stage, all girls were Stage 1. For pubic hair, 23 PA girls were Stage 2 and 17 PA
girls were Tanner 3. On-time girls had Tanner stage 1 pubic hair.

Adrenal androgens—~PA girls had higher DHEAS (p = 0.0003) and androstenedione (p
<0.0001) than on-time girls.

Testosterone—A lower proportion of PA girls were under the detection limit of the assay
(23.1 % in PA vs 56.3% in on-time adrenarche girls; p = 0.004). PA gids had highe, T (p =
0.002).

Cortisol—No differences were noted for cortisol indices.
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Leptin—PA girls had higher concentrations of leptin than on-time girls (p =0.02). The
difference became non-significant (p = 0.32) after controlling for BMI. No correlation was
found between leptin and BMI (r =0.03; p = 0.8).

Estradiol—No group differences were noted. Two-group t-test comparisons found a group
mean difference of 0.70 + 1.59 (effect size = 0.44, P = 0.07).

Group differences in mood and behavior problems (Table 3 and 4)

DISC diagnoses—There were no group differences for diagnoses of anxiety or mood
disorders. There was, however, a significantly higher rate for oppositional defiant disorder
(ODD) in the past year (20% vs 3.1%; p = 0.04), past month (17.5% vs 0%; p = 0.02), and
lifetime (20% vs 3.1 %; p = 0.04) in the PA compared to on-time girls.

DISC symptoms—Compared to on-time adrenarche girls, girls with PA had higher
symptom scores by KW test for separation anxiety (p <0.01), specific phobia (p <0.001),
generalized anxiety disorder (p <0.01), panic disorder (p <0.01), obsessive compulsive
disorder (p <0.01), major depressive disorder (p <0.001), attention deficit/hyperactivity
symptoms (p <0.01), hyperactivity (p <0.001), and ODD (p <0.02).

CBCL—PA girls had higher scores than on-time adrenarche girls for Social Problems (p =
0.03), Anxious/Depressed (p = 0.03), Aggressive Behavior (p = 0.02), as well as the broad
band scores for Externalizing Behavior (p <0.01), Internalizing Behavior (p <0.01), and
Total Behavior problems (p <0.05). The proportion of girls falling above the borderline
clinical cut-point of 60 was calculated and compared using Fisher’s exact test. For all
subscales, there was a higher rate of PA participants that fell at 60 or above, while statistical
significance was found only for Social Problems (25% vs 6.25%, p = 0.05) and Aggressive
Behavior (17.5% vs 0%, p = 0.0123). Similarly, consistently higher rates were found for PA
girls for Externalizing Behavior (12.5% vs 6.3%, p = 0.45) and Internalizing Behavior (20.%
vs 6.3%, p = 0. 17), although significance was reached only for Total Behavior problems
(22.5% vs 3.0%, p = 0.02).

TRF—Group differences were noted for Aggressive Behavior (p = 0.03). Teachers of PA
girls reported higher scores than did teachers of on-time girls. Although not significant,
effect sizes were moderate for the difference in Social Problems (0.49, p = 0.07) and
Externalizing Behavior Problems (0.47, p = 0.08). For all susbscales except somatic
complaints, there was a consistently higher rate of PA girls at 60 or above, while statistical
significance was found only for aggressive behavior (27.3% vs 3.7%, p = 0.02). For broad
band scores, only Externalizing Behaviors was significantly higher in the PA group (24.2%
vs 3.7%, p = 0.03).

CDI—No group differences were noted (p = 0.13), although the direction of means shows
that PA girls report higher depression scores, albeit not significant.

State Trait Anxiety Inventory—There were no significant group differences in state (p =
0.27) or trait (p = 0.69) anxiety.

Relational Aggression—No group differences were noted in relational aggression (p =
0.84).
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DISCUSSION

This study represents the largest cohort of girls with PA in which psychological problems
were examined in conjunction with the endocrine milieu. Additionally, a carefully matched
comparison group was included.

Anthropometric and endocrine differences

Group differences in anthropometric indices support findings from previous studies
reporting girls with PA are taller?8 and heavier?® although not all studies agreell. For
endocrine parameters, girls with PA had higher adrenal androgens than on-time girls.
However, adrenal androgens can also be elevated in obesity3°, and more PA girls were
overweight. Girls with PA also had higher total testosterone. This difference may result from
metabolism of adrenal androgens to T. Most earlier studies have not examined testosterone,
with one exception in which higher free T was reported in girls with PALL, In that study,
girls were older (10.04 years) and could have been in gonadarche. Obese peripubertal girls
had higher T compared to non-obese girls, particularly at earlier stages of puberty31. Our
sample had a greater frequency of overweight girls, perhaps contributing to higher T.

Similar to the findings of L’Allemand ef a/.32, leptin was not significantly higher in girls
with PA when controlled for BMI. Leptin was higher in a smaller group of PA girls; some
had already reached gonadarche33. The role of leptin in adrenarche remains unclear34.
Leptin is necessary but not sufficient for initiation of puberty. Leptin also stimulates
synthesis of adrenal androgens through enzymes essential for adrenal androgen
production3C. Thus, elevated leptin in PA may contribute to higher adrenal androgens.

No significant group differences were noted in cortisol indices, differing from an earlier
study?® and our current hypothesis. Regulation of the corticotroph may be no different in PA
compared to on-time girls. Alternatively, venipuncture may not have provided a strong
enough stimulus to the HPA axis.

Differences in mood and behavioral problems

As hypothesized, girls with PA had significantly more diagnoses and/or symptoms of mood.
and behavior problems than on-time girls. More girls with PA than on-time girls met
diagnostic criteria for ODD and had higher symptom scores for anxiety and disruptive
behavior disorders. Although the majority of girls do not meet diagnostic criteria in all
arenas or reach clinical cut-off scores, higher scores indicate problems that may interfere
with parent-child interaction, peer relationships and school performance. Individual
differences in behavioral phenotype warrant vigilance by health care providers and parents.

Biological transitions represent a period of vulnerability for negative psychological
outcomes’8:17, Higher concentrations of adrenal androgens were related to behavior
problems and mood in healthy adolescents3>-37 and earlier puberty In adolescent girls has
been related to various negative outcomes38-41,

Differences in mood and behavior problems in girls with PA may result from several
potential reasons. First, such problems may result from organizational effects of honnones:
programming /n utero for behavior or function to be altered or expressed later in
development#2, Programming effects have been noted where HPA axis dys-regulation, along
with hypertension and glucose. Intolerance, were evident in later life#344, Further,
programming effects on later psychopathology may occur with prenatal exposure to
glucocorticoids?®. Higher stress and its ensuing rise in glucocorticoids may interrupt
development of the brain and HPA axis and, in turn, alter behavior. Second, hormones also
may have activational effects?®: that is, when hormones naturally rise, as in adrenarche, a
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function or behavior may be influenced. These influences may be transitory in nature*’. In
PA, adrenal androgens are higher than age-matched peers and target tissues may be more
sensitive to adrenal androgens. Honnones may contribute to mood and behavior problems,
since steroid hormones can also act as neurosteroids#84° on the brain. Even though adrenal
androgens are less potent Ihan gonadal androgens, adrenal androgens have been associated
with problem behaviors in healthy adolescents®%-52. No other sludies were found examining
girls with PA and psychopathology.

Third, influences of early timing of puberty in PA on brain maturation have not been
explored. For example, does brain maturation occur earlier in PA, or does early endocrine
exposure hamper brain development? Brain changes occur prior to puberty. some result
from puberty, while still others are independent of puberty*”:>3-56_ Finally, mood and
behavior problems may be more evident in girls with PA based on the ‘maturational
deviance’ hypothesis®’-59 that proposes that more stress and adjustment problems are
evident when pubertal development is early or late. Having a different appearance from
same aged peers may be a chronic stressor resulting in sad affect or acting-out behaviors.
Alternatively, the *early maturation’ or ‘early timing’ hypothesis emphasizes that early
puberty is a disadvantage, as children miss the opportunity to accomplish normal tasks of
mid-childhood®":%9, With early developers, there is a mismatch in which society views them
as mature by physical advancement, yet the socio-emotional arenas remain immature.

Defining PA as the cause of psychopathology cannot be accomplished from cross-sectional
studies. Additionally, the majority of girls with PA in this study represent referrals from
endocrine clinics. Thus. findings cannot be generalized to all girls with P A. Finally, the
psychological findings may be different for boys with PA.

CONCLUSIONS

In American culture, early timing of puberty is viewed more as the norm rather than the
exception. However, not all early puberty comes without potential risk. Negative physical
health outcomes may result from PA, a disorder once regarded as benign. This study
provides further evidence that psychosocial problems can be associated with PA consistent
with biological transitions being periods of risk for physical and emotional disorders in
vulnerable individuals®:17. However, not all girls with PA had psychopathology. The
challenge of future studies is to determine which girls with PA are at risk for problems and
which are resilient. Until those studies are conducted, health providers should be vigilant in
considering mood and behavioral disturbances in girls with PA.
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Descriptive statistics of demographic and anthropometric characteristics of girls with premature adrenarche

(PA) and on-time adrenarche

PA(n=40) On-time (n =36)

Age (years) 7.7+0.9 74+0.8
SES 43.7+£13.1 471111
Race

Caucasian 23 (57.5%) 26 (72.2%)

African-American 12 (30.0%) 7 (19.4%)

Other 3 (7.5%) 2 (5.6%)

Biracial 2 (5.0%) 1(2.8%)
Weight (kg) 31.649.0 26.5+6.0
Height (cm) 1285+ 6.8 123.7+7.0
BMI 19.0+4.1 17.1%2.7

BMI category
=85t percentile - at risk for overweight
=95t percentile - overweight

Lean body mass (kg)

19 (47.5%)
14 (35.0%) ™

245 (5.0) "

10 (27.8%)
5 (13.9%,)

21.4(3.9)

Results are given as means + SD, or number (percentage).

SES = socio-economic status based on Hollingshead scalel8 ; 8MI = body mass index [weight (kg)/height (m)z)].

*
p <0.05

*:

P <0.01.
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Descriptive statistics of hormone concentrations in girls with premature adrenarche (PA) and on-time

TABLE 2

adrenarche (mean £ SO)

PA(n=40) On-time (n = 36)

DHEAS (pg/dl)

78.0+61.2°° 30.6 +37.9

Androstenedione (ng/dl)  81.9 +36.8™ 42.8+32.9

Leptin (ng/ml)

Testosterone (ng/ml)

22.7+288% 12.4+12.5

0.20 +£0.11 0.13 +0.09

Cortisol mean (ng/dl) 9.2+4.1 9.1+45
Cortisol AUC (min-pg/dl)  380.8 +177.9 371.1+192.8
Cortisol NET (min-pg/dl) 61.2+113.3 47.7+128.8

Estradiol (pg/ml)

512+17 44314

Cortisol: mean = mean of sample 0, 20, 40 min; AUC = area under the curve; NET = net response.

*
p <0.05
Ak
P <0.01

Ak
P <0.001.
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TABLE 3

Descriptive statistics for psychological measures for girls with premature adrenarche (PA) and on-time
adrenarche

PA (n=40) On-time (n = 36)

Children’s Depression Inventory (total raw) 87+9.1 6.0+45

State anxiety (t-score) 47.6+10.2 49.7+£79
Trait anxiety (t-score) 48.1+£119 46.5+12.8
Relational aggression 9.6+3.8 9.4+29

TRF externalizing 52.0+ 10.1 479+6.8
TRF internalizing 48.5+10.8 47.0+10.4
Total score 48.9+12.6 46.7+£9.3

DISC symptom count

Agoraphobia 0.18+0.45 0.03+0.18
GAD 308+238%F  159+174
ocb 0.48 £0.91™* 0.030.18
Panic 0.31+0.49 0.130.71
PTSD 0.55+1.29 0.34+1.62
Separation anxiety 313+243% 1.77 +1.93
Social phobia 225+367% 0.72+1.76
Specific phobia 1.40+ 1.137 0.59 +0.54
MDD 29337177 2.09+1.91
ADHD 5.10+4.87% 2.50 +3.23
cD 1.43£2.01 078 1.10
ODbD 6.45+3.07 " 459 +3.10
*
p <0.05
*ok
P <0.01
kA
P <0.001.

TRF = Teacher report form; DISC = Diagnostic Interview Schedule for Children; GAD = generalized anxiety disorder; OCD = obsessive
compulsive disorder; PTSD = post-traumatic stress disorder; MOD = major depressive disorder; ADHD = allention deficit hyperactivity disorder;
CD = conduct disorder; ODD = oppositional defiant disorder.
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TABLE 4

Descriptive statistics for the t-scores of the Child Behavior Checklist in girls with premature adrenarche (PA)
and on-time adrenarche

PA (n=40) On-time (n=36) Effectsize

Subscales
Withdrawn 53156 52.1+4.6 0.17
Somatic complaints 56.8+7.2 54.1+54 0.39
Anxious/depressed 542+53% 51.8+3.4 0.51
Social problems 552 +7.3% 51.8+4.6 0.54
Thought problems 52.0+4.38 50.7 +2.3 0.31
Attention problems 53.8+5.38 522+438 0.29
Delinquent behavior 53.7+5.0 52.6 £5.7 0.25
Aggressive behavior 54.0+547 51.5+3.2 0.64

Broad band scores

Internalizing 50.7+1057 46.1+9.0 0.67
Externalizing 503+907 45.0+8.7 0.45
Total score 50.0+11.2°° 415 +14.3 0.57
*
p <0.05
Ak
p <0.01.
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