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Objectives To assess whether the serum levels of anti-Müllerian hormone (AMH) are increased in girls with pre-
mature adrenarche because they are at a higher risk of developing polycystic ovary syndrome (PCOS) later in life.
Study design We measured serum levels of AMH, dehydroepiandrosterone sulfate (DHEAS), testosterone, sex
hormone binding globulin, androstenedione, and 17-hyroxyprogesterone in 89 girls with premature adrenarche aged
6.98 ± 1.60 years, and in 55 prepubertal normal girls aged 6.78 ± 1.60 years.
Results AMH was significantly higher in girls with premature adrenarche (2.95 ± 1.20 ng/mL) compared with normal
prepubertal girls (2.00 ± 0.95 ng/mL; P < .001), whereas their body mass index SD score was similar (P > .05). DHEAS,
testosterone, and androstenedione were increased in premature adrenarche, whereas sex hormone binding globu-
lin was decreased in girls with premature adrenarche. Among the 89 girls with premature adrenarche, 33 were daugh-
ters of mothers with a positive history of PCOS, whereas the mothers of the remaining 56 girls with premature
adrenarche had a negative history of PCOS. The girls with a mother with a positive history of PCOS had signifi-
cantly higher AMH serum levels compared with girls with a mother with a negative history of PCOS (3.37 ± 1.72
ng/mL vs 2.70 ± 1.25 ng/mL; P < .05) with no differences in testosterone, DHEAS, androstenedione, and sex hormone
binding globulin. The serum concentration of AMH was only positively related to androstenedione (r = 0.538; P < .0001).
Conclusions Girls with premature adrenarche, especially those from mothers with a history of PCOS, could have
a higher risk of developing PCOS later in life because they have increased serum AMH. (J Pediatr 2019;205:190-4).

P remature adrenarche has been considered as a benign condition when excluding pathologic causes of hyperandrogenism,
such as adrenal tumors and nonclassical adrenal hyperplasia. However, premature adrenarche has been associated with
an increased risk of functional hyperandrogenism and hyperinsulinism in adolescence and increased risk for the de-

velopment of polycystic ovarian syndrome (PCOS), especially in those born small for gestational age.1

Anti-Müllerian hormone (AMH) in females is produced by the granulosa cells in the ovaries.2 During postnatal life, AMH
serum levels are lower in females than in males, but they increase around 6-8 years of age, reach a peak during late adoles-
cence, and thereafter decline along their reproductive life.3 There is a good correlation between AMH serum levels and preantral
and small antral follicular reserve in reproductive aged women.4 In women and adolescents with PCOS, AMH serum levels are
increased compared with healthy females5,6 and reflect the severity of PCOS.7 Furthermore, studies have proposed the mea-
surement of AMH serum levels as a diagnostic test for PCOS.7,8

Because girls with premature adrenarche could have a higher risk of developing PCOS in adolescence and AMH is increased
in adolescent girls and adult women with PCOS, we hypothesized that serum AMH would be increased, even in prepubertal
girls with premature adrenarche. The available data are inconclusive because increased,9 decreased,10 or even unchanged11 serum
AMH levels have been reported in girls with premature adrenarche. Additionally, studies have demonstrated that PCOS is more
frequent in first-degree relatives12,13 and prepubertal and peripubertal daughters of women with PCOS have higher serum AMH
levels compared with control girls.14,15 Therefore, we investigated whether the AMH serum concentration is altered in girls with
premature adrenarche and if the presence of PCOS history in their mothers has an additional effect.

Methods

A total of 89 girls with premature adrenarche and 55 healthy control girls were enrolled in the study. The clinical inclusion
criteria for premature adrenarche were the onset of signs of adrenarche before the
age of 8 years and the presence of pubic or axillary hair. Patients with clitoris

BMI Body mass index
DHEAS Dehydroepiandrosterone sulfate
PAN Negative history of PCOS
PAP Positive history of PCOS
PCOS Polycystic ovarian syndrome
SHBG Sex hormone binding globulin
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enlargement and pubertal girls were excluded. All girls were
followed for ≥6 months and none entered puberty. None of
the patients or control subjects were on any medication. Birth
weight and length were recorded from the national book of
child’s health and we included only girls born appropriate for
gestational age. Detailed information was obtained from the
mothers for the presence of history of PCOS, menstrual ir-
regularities, and hirsutism. Mothers with PCOS were defined
as only those diagnosed by an endocrinologist or gynecolo-
gist ≥2 years after menarche. Daughters of women with PCOS
were excluded from the control group. Daughters of women
with no defined diagnosis of PCOS but with a history of men-
strual irregularities or hirsutism were also excluded from the
study. The control group consisted of girls attending our com-
munity pediatric outpatient clinic for routine health visits and
blood screening, or our paediatric department for preopera-
tive assessment for minor surgeries. Age, height (measured by
a Harpenden stadiometer), and weight were measured, and pu-
bertal status was clinically assessed according to Tanner stages.
Height, weight, and body mass index (BMI) were expressed
as the SDS of the Greek reference data, which were automati-
cally calculated by the software program Growth Analyzer 3
(Dutch Growth Research Foundation, Rotterdam, The Neth-
erlands). Bone age from girls with premature adrenarche was
assessed by the same senior pediatric endocrinologist based
on radiographs from the left hand and wrist evaluated ac-
cording to Greulich and Pyle atlas. The study was approved
by the Ethics Committee of the University Hospital of Patras.
All children and their parents were informed, and written
consent was obtained before participation in the study.

Methods

Blood was collected at 8:00 a.m. after overnight fasting for the
assessment of AMH, sex hormone binding globulin (SHBG),
dehydroepiandrosterone sulfate (DHEAS), testosterone, an-
drostenedione, and 17OH progesterone. An adrenocortico-
trophic hormone stimulation test was performed in cases with
baseline 17OH progesterone of >2 ng/mL to exclude late-
onset congenital adrenal hyperplasia owing to 21 hydroxy-
lase deficiency. Patients with late-onset congenital adrenal
hyperplasia were excluded from the study.

Serum DHEAS, SHBG, and testosterone were measured by
chemiluminescence assay (Roche Elecsys, Roche Diagnostics,
Athens, Greece), AMH by 2-site ELISA (Diagnostic System
Laboratories, Webster, Texas), androstenedione and 17OH pro-
gesterone by radioimmunoassy.

Statistical Analyses
Statistical analysis was performed with SPSS 20 software for
Windows (SPSS, Inc, Chicago, Illinois). Data were expressed
as mean ± SD for parametric or median (range) for nonpara-
metric data distribution. Differences between groups were
analyzed by using the Student t test for parametric and the
Mann-Whitney U test for nonparametric data distribution
(DHEAS, testosterone, and 17OH progesterone) for compari-
son between controls and girls with premature adrenarche, or

1-way ANOVAs with the Newman-Keuls multiple compari-
son test for parametric data and the Kruskal-Wallis test with
the Dunn multiple comparison test for nonparametric data.
For univariate analysis, the Pearson correlation test was used
for parametric data distribution and the Spearman correla-
tion for nonparametric data distribution. Partial correlations
were performed with adjustment as appropriate for various
parameters affecting the variables compared (age and BMI).
Any P value of <.05 were considered as statistically significant.

Results

Controls and girls with premature adrenarche had similar age
and BMI SDS, but girls with premature adrenarche were taller
(P < .0001) and had higher AMH (P < .001), DHEAS
(P < .0001), testosterone (P < .0001), and androstenedione
serum levels (P < .0001) (Table I). In contrast, SHBG serum
concentration was decreased in the premature adrenarche com-
pared with control girls (P < .001), but 17OH progesterone
serum concentration was similar in the 2 groups. Bone age was
advanced by 0.49 years in girls with premature adrenarche
(Table I).

Age was positively related with androstenedione (r = 0.26;
P < .01), DHEAS (r = 0.32; P < .001), and testosterone (r = 0.33;
P < .001), and negatively with SHBG (r = −0.17; P < .05). BMI
SDS was positively related to DHEAS (r = 0.23; P < .01) and
androstenedione (r = 0.23; P < .01), and negatively with SHBG
(r = −0.35; P < .001). BMI SDS was negatively related to AMH
only in the control group (r = -0.15; P < .05).

After partial adjustment for age and BMI, AMH was posi-
tively related to androstenedione (r = 0.538; P < .0001)
(Figure 1), and DHEAS was positively related to androstene-
dione (r = 0.31; P < .001) and testosterone (r = 0.41, P < .0001)
and negatively to SHBG (r = −0.24, P < .01). Androstenedi-
one was positively related to testosterone (r = 0.18; P < .05) and
negatively to SHBG (r = −0.26; P < .01); testosterone was nega-

Table I. Anthropomorphic and hormonal data in con-
trols and girls with premature adrenarche

Controls
Girls with premature

adrenarche

N 55 89
Age, y 6.78 ± 1.60 6.98 ± 1.60
Bone age, y 7.47 ± 1.62
BMI SDS 1.02 ± 1.60 1.26 ± 1.02
Height SDS −0.69 ± 1.30 0.288 ± 1.00*
AMH, ng/mL 2.00 ± 0.95 2.95 ± 1.20†

DHEAS, µg/dL 23.26 (0.99-139.00) 90.40 (30.00-279.00)*
Testosterone, ng/dL 2.90 (2.00-8.00) 6.40 (2.00-57.20)*
Androstenedione, ng/mL 0.27 ± 0.13 0.99 ± 0.47*
SHBG, nmol/L 102.60 ± 42.00 81.16 ± 30.77†

17OH progesterone, ng/mL 0.40 (0.10-3.10) 0.70 (0.10-4.50)

All data are expressed as mean ± SD (parametric data distribution) except for DHEAS, testos-
terone, and 17OH progesterone, which are median (range) (nonparametric data distribution).
For comparison of mean values of variables between girls with premature adrenarche and control
girls, an unpaired Student t test was used, and for nonparametric data, median values were
compared with the Mann-Whitney U test.
*P < .001.
†P < .0001.
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tively related to SHBG (r = −0.22; P < .05), whereas 17OH pro-
gesterone was positively related to androstenedione (r = 0.27;
P < .05).

Then, girls with premature adrenarche were divided into 2
groups according to the presence of a history of PCOS in
their mothers: girls with premature adrenarche from mothers
with a negative history of PCOS (PAN) and girls with pre-
mature adrenarche from mothers with a positive history of
PCOS (PAP). The control, PAN, and PAP groups had similar
ages and BMI. Bone age was slightly more advanced in the
PAP group compared with the PAN group (P < .05), but
they had similar height, and both were taller than the control
group (Table II).

AMH serum levels were significantly increased in both the
PAN and PAP groups compared with the control group
(P < .001 and P < .01, respectively), whereas the PAP group had
substantially higher AMH levels than the PAN group (P < .05)
(Table II and Figure 2, B). The rest of the examined biochemi-
cal indices (DHEAS, testosterone, androstenedione, SHBG, and
17OH progesterone) were increased in the PAN and PAP groups
compared with the control group, but were similar in both
groups with premature adrenarche (Table II).

Discussion

In the present study, we found that AMH concentration is in-
creased in girls with premature adrenarche compared with
healthy girls and that the presence of a history of PCOS in their
mothers enhances it further. Girls within the PAP group had
more advanced bone age compared with girls in the PAN group,
but all the other assessed hormonal indices did not differ
significantly.

Data on AMH serum levels in girls with premature
adrenarche are limited to 3 studies with contradictory results.
The differences between our results and those reported by
Utriainen et al10 and Ucar et al11 could most likely be ex-
plained by differences in age, ethnic background, and selec-
tion criteria. Furthermore, our results are not influenced by
the BMI as reported by Utriainen et al10 in girls with prema-

ture adrenarche because we matched the 2 groups to have
similar BMI SDS. There is some controversy as to whether AMH
levels are affected by BMI in normal women, women with
PCOS,16-18 and prepubertal girls.10

Although premature adrenarche has been considered a
benign condition, recent data in literature have shown that it
could be associated with insulin resistance, increased
cardiovascular risk (the metabolic syndrome), ovarian
hyperandrogenism, and an increased risk for PCOS,1,19,20 es-
pecially in those girls with premature adrenarche and a low
birth weight. However, not all girls with premature adrenarche
will be at risk of developing the conditions mentioned herein,
and other studies have failed to find a link between prema-
ture adrenarche and low birth weight, insulin resistance, or
ovarian hyperandrogenism.21,22 Because low birth weight has
been linked to altered gonadal function and PCOS23,24 and with
increased AMH concentration even in early infancy,25 we re-
cruited only girls born appropriate for gestational age to elimi-
nate the possible influence of low birth weight on AMH serum
levels.

The increased AMH serum concentration we found in
girls with premature adrenarche does not directly show an
increased risk of developing PCOS later in life but, at least
from the available data in the literature, suggests an in-
creased ovarian follicular pool and altered follicular
development. Whereas there are controversies whether girls
with premature adrenarche are at a higher risk of developing
PCOS, studies have shown that daughters of women with
PCOS have more often exaggerated adrenarche,26 suggesting
that a link could exist between premature adrenarche and
PCOS. In contrast, women with PCOS have increased AMH
serum levels, as well as their daughters in infancy, in child-
hood but also in puberty with increased ovarian volume14,15,27

in the absence of premature adrenarche, suggesting altered
follicular development, a feature associated with PCOS. These
studies indicate that PCOS-related alterations could even start
before puberty. Indeed, the daughters of women with PCOS
more often develop PCOS compared with the general popu-
lation, supporting the hypothesis that the elevated AMH levels
in these girls could be an early marker of higher risk. Our
study is in agreement with findings that show increased AMH
levels in prepubertal daughters of women with PCOS without
adrenarche14 because our PAP group had elevated serum AMH
levels compared not only with the control, but also to the
PAN group. The increased AMH levels in our girls with pre-
mature adrenarche could indicate that as a group they have
increased follicular development and may be at higher risk
of developing PCOS later in life. Longitudinal studies are
needed to clarify whether the girls with premature adrenarche
with increased AMH concentration will more frequently
develop PCOS later in life compared with the general popu-
lation. We acknowledge here, as a limitation of our study,
that the definition of mothers with PCOS was based on
self-reporting. Because we cannot rule out some false-
positive inclusions, the increased AMH is most likely
underestimated since the premature adrenarche with a PAN
in their mothers had lower levels of AMH.

Figure 1. Correlation of AMH and androstenetione serum levels
was studied after adjustment for age and BMI.
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The mechanisms behind the increased AMH in premature
adrenarche are not known. Most of the data in the literature
on the regulation of AMH are derived from postpubertal
women or animals; therefore, it is difficult to extrapolate to
prepubertal girls. The increased androgens without the pres-
ence of estrogens in the prepubertal girls with premature
adrenarche could be a possible mechanism, because the
upregulation of AMH messenger RNA has been reported by
androgens in small follicles from women with PCOS.28 The
positive correlation between androstenedione and AMH is a
supportive indication that as it has been reported in adult
women with PCOS.29 More factors are involved because PAN
and PAP groups have similar androgen levels, but different
AMH concentrations. The positive family history of PCOS in
girls with PAP shows that the genetic background could be one
of those factors, which are also reported in the daughters of
women with PCOS without adrenarche.14,15

PCOS does not exist in prepubertal girls; in adolescent girls,
the diagnosis is challenging because the normal physiology of

puberty often presents with features similar to those of PCOS.
Therefore, a biochemical marker indicating a higher risk of
PCOS would be valuable in situations associated with PCOS
later in life. AMH is a possible candidate because it is in-
creased in PCOS, reflecting the increased number of growing
follicles,30,31 correlates with the severity of PCOS,32 and has been
proposed as a useful marker in the diagnosis of women with
PCOS.7,8 In our study, although the girls with premature
adrenarche as a group had elevated AMH serum levels, the over-
lapping of the AMH values was broad; therefore, it cannot be
a useful marker identifying those girls with premature
adrenarche who have a higher risk of developing PCOS later
in life. In contrast, in girls with premature adrenarche, the pres-
ence of PCOS history in their mothers may further increase
the risk of PCOS because AMH is even higher compared with
girls with premature adrenarche with no history of PCOS in
their mothers. Knowing that hyperandrogenic symptoms and
polycystic ovaries are more frequent in the first-degree rela-
tives of patients with PCOS compared with controls,12,13,33 the

Table II. Anthropomorphic and hormonal data in controls and with girls with premature adrenarche in the PAN and
PAP groups

Controls PAN PAP

N 55 56 33
Age, y 6.78 ± 1.60 6.97 ± 1.30 7.04 ± 1.10
Bone age, y — 7.22 ± 1.81* 7.85 ± 1.24
BMI SDS 1.02 ± 1.60 1.32 ± 1.10 1.15 ± 0.90
Height SDS −0.69 ± 1.30 0.14 ± 1.04† 0.52 ± 0.91†

AMH, ng/mL 2.00 ± 0.95 2.70 ± 1.25‡,* 3.37 ± 1.72†

DHEAS, µg/dL 23.26 (0.99-139.00) 97.60 (30.00-261.00)† 80.00 (38.00-279.00)†

Testosterone, ng/mL 2.90 (2.00-8.00) 7.27 (2.00-57.20)† 5.60 (9.00-40.00)‡

Androstenedione, ng/mL 0.27 ± 0.13 0.94 ± 0.45§ 1.07 ± 0.50§

SHBG nmol/L 102.60 ± 42.00 82.84 ± 33.51¶ 78.30 ± 25.71‡

17OH progesterone, ng/mL 0.40 (0.10-3.10) 0.75 (0.20-4.50) 0.6 (0.10-3.70)

All data are expressed as mean ± SD (parametric data distribution) except for DHEAS, testosterone, and 17OH progesterone, which are median (range) (nonparametric data distribution). For com-
parison of mean values of variables between control, PAN, and PAP girls 1-way ANOVA with the Newman-Keuls multiple comparison test for parametric data was used, and for nonparametric data
the Kruskal-Wallis statistic with Dunn multiple comparison test was used. Median values of 17OH progesterone were compared with the Mann-Whitney U test in the 2 premature adrenarche
groups.
*P < .05 vs PAP.
†P < .01 vs control.
‡P < .001 vs control.
§P < .0001 vs control.
¶P < .05 vs control.

Figure 2. A, AMH serum levels in control (C) and with girls with premature adrenarche. B, AMH serum levels in C and in girls
with premature adrenarche in the PAN and PAP groups. *P < .05, **P < .001, ***P < .001.
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elevated serum AMH levels in the daughters of women with
PCOS with or without premature adrenarche may suggest a
possible risk of developing PCOS later in life. Longitudinal
studies are needed to clarify the possible relationship of pre-
mature adrenarche with the development of PCOS in late
adolescence. ■
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