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Context: Pediatric obesity has been related to hyperandrogenism and premature adrenarche in
previous studies. However, little is known regarding the association between body fat mass and
steroidogenic enzyme activities in children.

Objective: To examine whether body fat mass is associated with serum steroid profiles in girls.

Design, Participants, and Setting: We enrolled 242 girls (125 prepubertal, 117 pubertal; age, 7-13
years). Early morning blood samples were drawn at a university hospital to measure serum steroid
profiles using gas chromatography-mass spectrometry, and steroidogenic enzyme activities were
assessed from the ratios of steroid metabolites.

Main Outcome Measures: We evaluated serum steroid profiles and estimated steroidogenic en-
zyme activities and their association with anthropometric indices and body composition.

Results: Prepubertal obese girls demonstrated significantly higher progestin, androgens (dehy-
droepiandrosterone [DHEA], androstenedione [A-dione], T, androsterone), and ratio of steroid
metabolites reflecting 17,20-lyase activity [[DHEA + A-dione)/17-hydroxypregnenolone] com-
pared with prepubertal controls. Pubertal obese girls demonstrated significantly higher serum T
and androsterone than pubertal controls; however, serum steroid metabolite ratios reflecting
steroidogenic enzyme activities did not significantly differ among obese and non-obese girls.
Partial correlation analysis revealed that body fat mass was positively correlated with preg-
nenolone, DHEA, A-dione, T, androsterone, and ratio of (DHEA + A-dione)/17-hydroxypreg-
nenolone in prepubertal girls only. Prepubertal girls with increased body fat mass had significantly
higher serum DHEA and ratio of (DHEA + A-dione)/17-hydroxypregnenolone than controls.

Conclusions: Increased androgen production in prepubertal obese girls could be at least partly due
toincreased body fat mass and 17,20-lyase activity. (J Clin Endocrinol Metab 101: 4653-4660, 2016)

drenarche is defined as the onset of increasing adrenal
A secretion of 19 carbon steroids— principally dehydro-
epiandrosterone (DHEA) and its sulfate ester, which usually
begins after the age of 6 years (1). This phenomenon also
corresponds to the expansion of the adrenal gland zona re-
ticularis and changes in steroidogenic enzyme activities. For
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instance, the expression of CYP17, an enzyme involved in the
production of DHEA, increases during adrenarche (2). In
addition, decreased expression of 3B-hydroxysteroid dehy-
drogenase (38-HSD) is known to facilitate DHEA synthesis
by reducing conversion of DHEA precursors to mineralo-
corticoids or glucocorticoids (3).

* M.-J.P. and M.H.C. share the senior authorship of this work.

Abbreviations: A-dione, androstenedione; BMI, body mass index; DHEA, dehydroepi-
androsterone; DHEAS, DHEA sulfate; GC-MS, gas chromatography-mass spectrometry;
HSD, hydroxysteroid dehydrogenase; 17-OH-Preg, 17-hydroxypregnenolone; PA, prema-
ture adrenarche.
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Premature adrenarche (PA) refers to the appearance of
pubic or axillary hair in girls younger than 8 years old and
boys younger than 9 years old as a result of the rise in
adrenal androgen production, without other diseases of
the gonads or adrenal glands (4, 5). The prevalence of
precocious puberty has recently increased among Korean
children (6), and the number of Korean girls visiting hos-
pitals for PA evaluations has also been on the rise. An
increasing trend of PA has also been noted in Danish chil-
dren between 1993 and 2008 (7). Moreover, childhood or
pediatric obesity has been associated with increased an-
drogen production and increased risk of PA (8, 9). Several
studies have demonstrated that girls with PA tend to be
obese and have excess body fat (10-12). In addition, in the
general population, serum concentrations of DHEA sul-
fate (DHEAS) were reported to be higher in obese prepu-
bertal children (13-16) and possibly in obese female ad-
olescents (17). However, in vivo metabolic evidence has
yet to be elucidated regarding the contribution of obesity
to steroidogenic enzyme activation in children. In addi-
tion, only a few studies have investigated the association
between androgen production and body composition (in-
stead of body mass index [BMI]) (14, 18).

In this study, we aimed to examine whether body fat
mass is associated with altered steroid profiles and esti-
mated steroidogenic enzyme activities in prepubertal and
pubertal girls using gas chromatography-mass spectrom-
etry (GC-MS)-based steroid signatures in serum samples.

Subjects and Methods

Study subjects

A total of 101 overweight or obese girls and 141 age-matched
controls aged 7 to 13 years were recruited from the Inje Univer-
sity Hospital (Seoul, Korea) between 2013 and 2014. For con-
trols, non-overweight girls who visited the health clinic center for
regular growth and development check-ups were enrolled. All
participants were clinically evaluated through physical exami-
nation and careful evaluation of past histories to exclude possible
medication use, chronic diseases, and endocrinopathies. Indi-
viduals with a history of small size for gestational age, premature
pubarche, abnormal thyroid functions, or impaired glucose tol-
erance were also excluded. The study protocol was approved by
the Institutional Review Board of Inje University Hospital (IRB
no. SPIRB13-094), and written informed consent was obtained
from all subjects or from their parents, in compliance with the
Declaration of Helsinki principles.

Anthropometric measurements

While the subjects were wearing light clothes without shoes,
their height and weight were measured by a stadiometer (Dong-
sahn Jenix Co) and Inbody 720 (Biospace Co. Ltd), respectively.
BMI (weight in kilograms/height in meters®) was then calculated.
Body composition was measured through bioelectrical imped-
ance analysis using the Inbody 720. Overweightness and obesity
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were categorized according to the age- and sex-specific percen-
tiles for BMI of national reference standards (19). Overweight
was defined as BMI = 85th percentile and < 95th percentile, and
obesity was defined as BMI = 95th percentile. The pubertal
stages for breast development were determined by a pediatric
endocrinologist according to the Marshall and Tanner

method (20).

Sample collection and analysis

Blood samples were collected at 8 AM after a 10-hour over-
night fast. All samples were stored at —80°C until required. Ste-
roid profiling was performed to determine plasma levels of preg-
nenolone, 17-hydroxypregnenolone (17-OH-Preg), DHEA,
androstenedione (A-dione), T, and androsterone. The quantita-
tive profiling of serum steroids was based on a previous report
(21). In brief, serum samples (0.2 mL) were spiked with 15 uL of
five internal standards (d5-testosterone and d,-estradiol, 0.2 ug/
mL;d,-cortisol and dg-17a-hydroxyprogesterone, 1 ug/mL; and
dy-progesterone, 2 pg/mL) and diluted with 2.8 mL of 0.2 M
acetate buffer (pH 5.2) and 100 uL of aqueous 0.2% ascorbic
acid. The diluted sample was loaded onto an Oasis HLB car-
tridge, which was then washed with 2 mL of deionized water and
eluted twice with 2 mL of methanol. The methanol eluate was
evaporated and then extracted twice with 1 mL of 0.2 M phos-
phate buffer (pH 7.2), 100 uL of aqueous 0.2% ascorbic acid,
and 2.5 mL of ethyl acetate:n-hexane (2:3, v/v). The isolated
organic solvents were evaporated by nitrogen stream at 40°C and
further dried in a vacuum desiccator over P,Os-KOH for at least
30 minutes. Finally, the dried residue was derivatized with
MSTFA/NH,I/DTE (30 uL; 500:4:2, v/w/w) at 60°C for 20 min-
utes, and 2 pL of the resulting mixture was injected to GC-MS
in the selected-ion monitoring mode.

Estimation of steroidogenic enzyme activities

The steroidogenic enzyme activities including 17a-hydroxy-
lase, 17,20-lyase, 38-HSD, and 178-HSD) were estimated by
product/precursor ratios of specific serum steroid metabolites:
(17-OH-Preg + DHEA)/pregnenolone, (DHEA + A-dione)/17-
OH-Preg, (T + A-dione)/DHEA, and T/A-dione, respectively
(Figure 1).

Statistical analysis

The data are expressed as means =+ standard deviations (con-
tinuous), or number (percentage) (categorical). Differences for
anthropometric characteristics and Tanner stages for breast de-
velopment among obesity groups were tested using ANOVA or
Fisher’s exact tests, as appropriate. P-for-trends of serum steroid
hormone levels and serum steroid metabolite ratios reflecting
steroidogenic enzyme activities according to the obesity status
were obtained in linear regression, modeling the respective vari-
ables as continuous variables. Adjusted correlation coefficients
between steroid hormone levels and anthropometric data were
calculated using partial correlation analysis. Furthermore, dif-
ferences of estimated marginal means (95 % confidence interval)
of steroid hormone levels and ratios of serum steroid metabolites
reflecting 17,20-lyase activity by body fat mass status in prepu-
bertal girls were obtained using analysis of covariance. All sta-
tistical tests were performed using SPSS (version 22.0; SPSS Inc.),
and a P value <.05 was considered significant.

The Endocrine Society. Downloaded from press.endocrine.org by [Man-Ho Choi] on 06 December 2016. at 17:46 For persona use only. No other uses without permission. . All rights reserved.



doi: 10.1210/jc.2016-2515

HO'
cholesterol

CYP11A1

<=

%

0]
3B-HSD

) E——)

mineralocorticoids

HO'
pregnenolone

CYP17
(170( hydroxylase)

3B-HSD

) ——

glucocorticoids

i

17-OH-pregnenolone

CYP17
(17 20-lyase)

3B-HSD

=

%:

o) OH
o o

DHEA androstenedione

testosterone

Figure 1. Steroid pathways for biosynthesis of adrenocortical steroids. CYP11A1,
cytochrome P450 cholesterol side-chain cleavage; CYP17, 17a-hydroxylase/17,20-lyase;
17B-HSD, 17B-hydroxysteroid dehydrogenase; 38-HSD, 3B-hydroxysteroid dehydrogenase.

Results

Anthropometric characteristics of the study population
are summarized in Table 1. In prepubertal girls, obese
girls were taller than control and overweight girls,
whereas this was not the case in pubertal girls. Body fat

press.endocrine.org/journal/jcem 4655

percentage and mass were both sig-
nificantly higher in proportion to
the degree of obesity in prepubertal
and pubertal girls.

Steroid hormone serum concentra-
tions and estimated steroidogenic en-
zyme activity relative to obesity and
pubertal status are also summarized
in Table 2. In prepubertal girls, con-
centrations of progestins (progester-
one, 17-OH-Preg) and androgens
(DHEA, A-dione, T, androsterone)
significantly increased with obesity
(P-for-trend <.05). In pubertal girls,
T and androsterone levels also signif-
icantly increased with obesity (P-for-
trend <.05), but no significant differ-
ences were detected in concentrations
of progestins and other androgens.
The ratio of (DHEA + A-dione)/17-
OH-Preg reflecting 17,20-lyase activ-
ity was significantly higher in prepu-
bertal obese girls than control or
overweight girls, whereas this differ-
ence relative to obesity was not de-
tected in pubertal girls. No significant
differences were detected in serum ste-
roid metabolite ratios reflecting
activities of 17a-hydroxylase, 33-HSD,

and 17B-HSD relative to obesity status.

Age and pubertal stage-adjusted correlation coeffi-
cients between steroid hormone levels and anthropomet-
ric data are summarized in Supplemental Table 1. DHEA,
A-dione, and T concentrations were positively correlated

Table 1. General Characteristics of Subjects by Obesity Status
Prepubertal Girls (n = 125) Pubertal Girls (n = 117)
Control Overweight  Obese PValue  Control Overweight  Obese P Value
n 68 24 33 73 23 21
Age, y 85+0.8 83+0.8 8.4 +0.9 377 9514 93x15 93+x138 725
Height, cm 1314 =58 130.0 = 6.9 1345+ 6.5 011 1386 = 7.7 139.1 £6.9 1395+ 115 914
Weight, kg 289 £ 4.1 33.0£49 413 %59 <.0001 332 +£58 40.1 £ 94 459 123 <.0001
BMI, kg/m? 16.8 =15 194+ 1.3 225+ 2.1 <.0001 171 1.6 205t 1.8 23.1x£25 <.0001
BMI percentile 520+ 235 87.4=*120 978 £15 <.0001 484 234 87.7*105 97.7 1.6 <.0001
Body fat % 225+ 6.6 29.0 =47 35.7 6.7 <.0001 223 *54 29.3 =87 35.0*+49 <.0001
Body fat mass, kg 6.8+ 2.7 9.7 *+25 149 £ 43 <.0001 7.7 *+28 12.1 £ 58 16.3 £ 5.6 <.0001
Tanner stage® 999 711
1 68 (100) 24 (100) 33(100)
2 36 (49.3) 11 (47.8) 10 (47.6)
3 24 (32.9) 7 (30.4) 8(38.1)
4 11(15.1) 3(13.0) 1(4.8)
5 2(2.7) 2(8.7) 2 (9.5)

Data are expressed as means + SD or number (percentage). P values were derived by ANOVA or Fisher’s exact test.

@ Tanner stage of breast development.
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Table 2. Serum Steroid Hormones and Activities of Steroidogenic Enzymes by Obesity and Puberty Status
Prepubertal Girls (n = 125) Pubertal Girls (n = 117)
Control Overweight Obese P-for-trend Control Overweight Obese P-for-trend
n 68 24 33 73 23 21
Pregnenolone, ng/mL 1.35+0.81 1.35*+0.87 2.04=*=097 <.0001 1.65+095 155*+0.70 2.07=*0.73 .102
17-OH-Preg, ng/mL 169 £1.06 203=x160 244=*152 .029 210+ 1.67 215x= 171 246187 .691
DHEA, ng/mL 1.80£09 1.83=x111 3.15*=1.59 <.0001 270142 267 *131 323*124 263
A-dione, ng/mL 098 £060 1.00*+0.72 162 =*0.72 <.0001 152+080 143%£083 190x0.73 .103
T, ng/mL 0.83 £ 0.45 0.79 = 0.51 1.31 £0.52 <.0001 1.08 £ 0.52 0.99 = 0.51 143 047 .011
Androsterone, ng/mL 0.74 =034 090=047 1.02=x042 .004 095*033 1.13*+x044 1.15*0.37 .01
(17-OH-Preg + DHEA)) 2.9 = 1.5 3.1x14 3.0x13 .759 34+20 34x19 3.0x15 496
Pregnenolone?
(DHEA + A-dione)/ 1.8+0.6 1.7 +0.9 2414 .004 24 *09 23*+09 25*10 729
17-OH-Preg®
(T + A-dione)/DHEA?® 1104 1.0+0.3 1.0x0.3 .361 1.0x04 1.0+£04 1.1x£0.3 .753
T/A-dione® 09=*0.2 09=*03 09=*x04 .992 0.8 0.2 08*+04 0.8*x0.3 466

P-for-trend was obtained in linear regression, modeling the respective variables as continuous variables.

@ Product-to-precursor ratios of serum steroid metabolites were used to estimate the activities of steroidogenic enzymes including 17a-hydroxylase

[(17-OH-Preg + DHEA)/pregnenolone], 17,20-lyase [(DHEA + A-dione)/17-OH-Preg], 38-HSD [(T + A-dione)/DHEA], and 178-HSD [T/A-dione].

with height percentile, body fat mass, and body muscle
mass. Androsterone and pregnenolone levels demon-
strated positive correlations with height percentile and
body fat mass, respectively. After the adjustment for
height percentile, pregnenolone, DHEA, A-dione, T, and
androsterone levels all maintained significant correlations
with body fat mass alone. The correlations between body
fat mass and steroid hormone levels/serum steroid metab-
olite ratios by puberty status are summarized in Table 3.
In prepubertal girls, body fat mass was positively corre-
lated with serum concentrations of pregnenolone, DHEA,
A-dione, T, and androsterone. There was a positive association
between the ratio of(DHEA + A-dione)/17-OH-Preg and body
fat mass in prepubertal girls (Figure 2); however, there was no
significant difference in pubertal girls.

Adjusted mean values of serum DHEA and the ratio
of (DHEA +A-dione)/17-OH-Preg by body fat mass sta-

tus in prepubertal girls are summarized in Supplemental
Figure 1. After the adjustment for age, height percentile,
BMI percentile, and all other steroid metabolite con-
centrations, prepubertal girls with body fat mass > the
90th percentile value had significantly higher serum
DHEA concentrations and ratios of (DHEA + A-dione)/
17-OH-Preg than prepubertal girls with body fat
mass = the 90th percentile value. Other steroid hor-
mones including pregnenolone, A-dione, T, and andro-
sterone concentrations were comparable between these
two groups (Table 4).

Discussion

In this study, we demonstrated that body fat mass in
prepubertal girls was positively correlated with major

Table 3. Correlations Between Body Fat Mass and Steroid Levels (ng/mL)/Steroidogenic Enzyme Activities

Prepubertal Girls

Pubertal Girls

B P Value B P Value
Pregnenolone, ng/mL 0.279 .003 0.090 .240
17-OH-Preg, ng/mL 0.154 .098 —0.037 .800
DHEA, ng/mL 0.322 <.0001 0.016 714
A-dione, ng/mL 0.306 .001 0.053 468
T, ng/mL 0.273 .003 0.111 .158
Androsterone, ng/mL 0.232 .012 0.069 216
(17-OH-Preg + DHEA)/pregnenolone® —0.098 297 -0.073 467
(DHEA + A-dione)/17-OH-Preg® 0.206 .027 0.030 762
(T + A-dione)/DHEA?® —0.049 .600 0.056 .578
T/A-dione® —0.029 .756 0.105 296

Correlation coefficients (B), adjusted for age, Tanner stage of breast development, and height percentile were calculated using partial correlation analysis.

Values that were statistically significant at P < .05 are indicated in bold.

@ Product-to-precursor ratios of serum steroid metabolites were used to estimate the activities of steroidogenic enzymes including 17a-hydroxylase
[(17-OH-Preg + DHEA)/pregnenolone], 17,20-lyase [(DHEA + A-dione)/17-OH-Preg], 38-HSD [(T + A-dione)/DHEA], and 17B-HSD [T/A-dione].
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Figure 2. The correlation between body fat mass (kilograms) and serum DHEA levels (nanograms/milliliter)/ratios of (DHEA + A-dione)/17-OH-
Preg reflecting 17,20-lyase activity among prepubertal (A) and pubertal (B) girls. A-dione, androstenedione; DHEA, dehydroepiandrosterone; 17-

OH-Preg, 17-hydroxypregnenolone.

serum androgen levels and the ratio of serum steroid
metabolites reflecting activity of 17,20-lyase, a key reg-
ulatory steroidogenic enzyme in producing DHEA from
its precursor, 17-OH-Preg. Our present study is also the
first in vivo study evaluating the correlation between
estimated 17,20-lyase activity and increased androgen
production in prepubertal obese girls, to the best of our
knowledge.

Recent studies have demonstrated a significant associ-
ation between concurrent obesity indicators including
body fatindex with serum DHEAS in prepubertal children
(13). However, itisalso true that no significant correlation
was reported between DHEAS excretion and concurrent
BMI/body fat mass (12), which is probably due to the fact
that they did not adjust the findings for height and puber-
tal stage. Results of several studies reported that androgen
levels were significantly associated with height and pu-

bertal stage in children (14, 20, 22). In addition, body fat
mass itself was also markedly associated with height
and/or pubertal stage. Therefore, when determining the
correlation between body fat mass and androgen produc-
tion, it is considered pivotal to exclude the effects of height
and pubertal stage on the aforementioned covariates.
The evidence regarding the association between adre-
nal steroidogenic enzyme activity and childhood obesity is
very limited at this juncture. Steroidogenic enzyme activ-
ities could be accurately determined by measuring mRNA
expression of corresponding enzymes in specimens of the
steroidogenic organs. However, in clinical settings in
which invasive biopsy from these organs is not always
feasible, steroidogenic enzyme activities could be esti-
mated from the ratios of circulating or urinary steroid
metabolites (23, 24). In particular, mass spectrometry-
based steroid profiling, which could measure multiple
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Table 4. Estimated Marginal Means (95% Confidence Interval) of Steroids and Ratio of (DHEA + A-dione)/17-OH-
Preg by Body Fat Mass Status Among Prepubertal Girls
Body Fat Mass =90th Percentile Body Fat Mass >90th Percentile P Value
n 113 12
Pregnenolone, ng/mL? 1.55(1.48-1.62) 1.36(1.11-1.61) 163
DHEA, ng/mL? 2.09 (1.95-2.23) 2.96 (2.45-3.42) .001
A-dione, ng/mL?® 1.15(1.08-1.21) 1.10 (0.87-1.33) 716
T, ng/mL? 0.94 (0.91-0.98) 1.00(0.87-1.12) .398
Androsterone, ng/mL? 0.86 (0.80-0.92) 0.66 (0.44-0.87) .081
(DHEA + A-dione)/17-OH-Preg® 1.79 (1.62-1.97) 2.87 (2.31-3.43) .001

P values were derived by analysis of covariance. Ratio of (DHEA + A-dione)/17-OH-Preg reflects 17,20 lyase activity. Values that were statistically

significant at P < .05 are indicated in bold.

@ Adjusted for age, height percentile, BMI percentile, and all other steroid hormone levels in the table.

b Adjusted for age, height percentile, and BMI percentile.

analytes at the sample time with high sensitivity and spec-
ificity, has been widely used to determine enzyme activities
estimated by the product-to-precursor ratios (23, 25). Re-
cently, steroidogenic enzyme activities were evaluated by
the ratios of urinary steroids in prepubertal children (18).
Results demonstrated thatincreased androgen production
was inversely associated with 38-HSD and 21-hydroxy-
lase activities independent of body fat (18). However, that
particular study by no means evaluated the impact of body
fat on specific steroidogenic enzyme activities. Therefore,
in this study, we first demonstrated that height percentile,
body fat mass, and body muscle mass were all associated
with serum androgen levels independent of age and pu-
bertal stage, and only body fat mass was statistically sig-
nificant after adjusting for height percentile. Prepubertal
girls with increased body fat mass (>90th percentile) had
1.4 times higher serum DHEAS concentrations and 1.6
times higher estimated 17,20-lyase activity than prepu-
bertal girls with body fat mass = 90th percentile, even
after adjusting for BMI percentile.

Increased serum insulin and IGF levels have generally
been considered pivotal features of obese children with
premature adrenarche, with these hormonal factors being
implicated in regulating androgen production. Previous in
vitro studies demonstrated that treatment with IGF-1,
IGF-2, and insulin resulted in higher expression of mRNA
for CYP17 (26, 27) and/or 38-HSD (27) in human adre-
nocortical cells. However, results of in vivo studies were
not necessarily consistent. A few small sample-sized stud-
ies reported that androgen levels were significantly asso-
ciated with insulin and IGF-1 levels (28, 29). However,
two other studies have failed to demonstrate the possible
association of insulin and IGF-1 with adrenarche in pre-
pubertal children (30) and with androgen production in
pubertal boys (29). Therefore, the significance of insulin
and IGF-1 in the regulation of adrenal androgen produc-
tion remains unclear, and further investigations are re-
quired for clarification.

This correlation of increased androgen production
with body fat mass in children did indicate the possible
roles of adipokines produced by adipocyte tissue. Previous
studies on this topic have been generally focused on the
effect of leptin, one of the major adipokines. Serum leptin
levels were reported to be correlated with androgens in
children with premature adrenarche (31, 32). This possi-
ble correlation between leptin and androgen was also sup-
ported by results of an in vitro study, which demonstrated
that leptin treatment stimulated the 17,20-lyase activity of
the CYP17 enzyme in one human adrenal cell line without
significant concomitant effects upon 17-a hydroxylase ac-
tivity (33). Of particular interest in our present study is the
finding that body fat mass was significantly correlated
with estimated 17,20-lyase activity and subsequent
DHEA increment in prepubertal girls. Body fat mass has
been reported to be closely related to systemic leptin levels
in prepubertal children (34), and therefore we speculate
that leptin produced by adipose tissue might mediate in-
creased steroidogenic enzyme activities in obese children.
However, in vivo evidence regarding metabolic signals
from adipose tissue and steroidogenic enzyme activities
should be explored for clarification in further studies.

In this study, the correlation between body fat and es-
timated 17,20-lyase activity was detected only in prepu-
bertal girls, whose steroidogenic enzyme activities were
considered to be derived mainly from adrenal glands. In
pubertal girls, a considerable proportion of androgens are
produced from ovarian cells under the stimulation of go-
nadotropin (35). Insulin (28, 36) and IGF-1 (28, 32) have
both been reported to be involved in ovarian hyperandro-
genism in pubertal girls. Therefore, it is reasonable to pos-
tulate that fat mass and adipokines could reflect early ad-
renarche in prepubertal girls, whereas other hormonal
factors could be related to ovarian hyperandrogenism in
pubertal girls.

It is important to note some limitations in this study.
First, this was a cross-sectional study, and temporal se-
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quence could not necessarily be inferred. Second, we did
not validate adipokines released from body fat tissue.
However, this is the first study that attempted to correlate
body composition with overall body steroidogenic en-
zyme activity using GC-MS-based steroid signatures in
prepubertal and pubertal girls.

In conclusion, body fat could increase androgen pro-
ductionand 17,20-lyase activity of adrenal glands in obese
prepubertal girls. Further studies are required to elucidate
possible molecular mechanisms involved in 17,20-lyase
activation relating to body fat mass.
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