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Elevated in Oligomenorrheic Girls without Evidence
of Hyperandrogenism
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Context: Serum anti-Mullerian hormone (AMH) levels are significantly elevated in adolescents with
polycystic ovary syndrome (PCOS) compared to normal controls. Whether adolescents with oligo-
menorrhea have elevated AMH levels is unknown.

Objective: This study was performed to assess serum AMH levels in oligomenorrheic (OLIGO) girls
without evidence of hyperandrogenism.

Design: This was a prospective study comparing AMH levels in OLIGO, PCOS, and normal control
adolescents.

Setting: The study was conducted through four tertiary academic medical centers.

Participants: The study groups were comprised of OLIGO (n = 24), PCOS (n = 153), and normal
adolescent girls (n = 39), as well as PCOS (n = 73) and normal adult women (n = 36).

Interventions: In each subject, serum AMH levels were assessed in the early to midfollicular phases
for regularly menstruating subjects and on an arbitrary day for OLIGO or PCOS subjects.

Main Outcome Measure(s): Basal serum AMH levels were assessed among OLIGO, PCOS, and
normal girls, in addition to PCOS and normal women.

Results: OLIGO girls had serum AMH levels (5.33 + 0.47 ng/ml) that were significantly greater than
the normal adolescents (3.05 = 0.31 ng/ml) and adults (2.33 = 0.22 ng/ml), but similar to values seen
in the PCOS adolescents (5.28 == 0.26 ng/ml) and adults (6.36 + 0.47 ng/ml). Obese adolescents and
PCOS women had significantly lower AMH levels compared to lean controls (P < 0.02).

Conclusion: In OLIGO adolescents, elevated serum AMH levels suggest increased antral follicle
number similar to that observed in girls with PCOS. (J Clin Endocrinol Metab 95: 1786-1792, 2010)

t has been well recognized that the onset of polycystic
I ovary syndrome (PCOS) occurs at or soon after pu-
berty, coincident with increasing ovarian follicular activ-
ity and steroidogenesis. Typically, characteristic features
are irregular menstrual bleeding, evidence of hyperandro-
genism, and polycystic ovaries. The diagnosis may be de-
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termined by the presence of any two of these features (1).
In young adolescent girls, symptoms of PCOS emerge in-
sidiously and are often indistinguishable from those that
accompany normal pubertal development. Detection of
PCOS in adolescent girls may be predicated on hyperan-
drogenic symptoms such as hirsutism and acne. Irregular

Abbreviations: A, Androstenedione; AMH, anti-Mdillerian hormone; BMI, body mass index;
CV, coefficient of variation; E,, estradiol; FAI, free androgen index; NC, normal control;
17-OHP, 17-hydroxyprogesterone; OLIGO, oligomenorrheic; PCO, polycystic ovary; PCOS,
PCO syndrome.
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menstrual bleeding is less reliable because anovulation
generally follows menarche and abnormal cycles may per-
sist for several years.

Previously, we have shown that oligomenorrheic
(OLIGO) adolescent girls without evidence of hyperan-
drogenism may exhibit increased pulsatile LH secretion
similar to girls with PCOS (2). However, whether these
OLIGO girls fulfilled the diagnostic criteria for PCOS is
unclear because ovarian imaging was not performed.
According to Rotterdam criteria, menstrual irregularity
together with evidence of polycystic ovaries is consis-
tent with a diagnosis of PCOS. Not infrequently, opti-
mal ovarian imaging by vaginal ultrasonography is not
possible in adolescent girls due to virginal status, and
abdominal ultrasound is often encumbered by the pres-
ence of obesity.

Anti-Mullerian hormone (AMH), also known as Mul-
lerian-inhibiting substance, is a growth and differentiation
factor that is mainly known to induce regression of the
Miillerian ducts during male sex differentiation of the fe-
tus. In women, AMH is produced by ovarian granulosa
cells from around 36 wk gestation up until menopause.
Recently, it has been demonstrated that serum AMH levels
correlate closely with early antral follicle number in nor-
mal women and women with PCOS (3). This finding is in
agreement with 7z vitro studies that have found maximal
AMH mRNA expression in granulosa cells of growing
preantral and small antral follicles (4). Because of the close
correlation of circulating AMH to the antral follicle count,
it has been suggested that serum AMH may be a suitable
biological marker of ovarian follicle number (35), particu-
larly in those individuals with irregular menstrual bleed-
ing or hyperandrogenism.

In adolescent girls with PCOS, circulating AMH lev-
els are significantly increased compared with that of
normal girls, which is consistent with corresponding
values observed in adult PCOS and normal women, re-
spectively (6). A comparison of serum AMH concen-
trations between adolescent PCOS and girls with irreg-
ular menstrual bleeding or oligomenorrhea without
evidence of hyperandrogenism has not been reported.
Therefore, considering that AMH may reflect antral
follicle number, we undertook to assess serum AMH
concentrations in adolescent girls with OLIGO, PCOS,
and normal menstrual cycles.

Subjects and Methods

Subjects

Twenty-seven nonhirsute girls with oligomenorrhea, 150 ad-
olescent girls with PCOS, and 43 normal adolescent girls with
regular menstrual cycles were recruited for study. Oligomenor-
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rhea was defined as having an average menstrual cycle length
between 45 and 90 d, based on a normal menstrual interval of
21-45 d in young females (7). The diagnosis of PCOS was based
on clinical and/or biochemical evidence of hyperandrogenism
and irregular menstrual bleeding, according to the 1990 Na-
tional Institutes of Health Conference on PCOS and consistent
with the 2003 Rotterdam PCOS Consensus Workshop. Hy-
perandrogenism was based on the presence of hirsutism (Ferri-
man-Gallwey score = 8) and/or elevated serum testosterone (T).

Elevated serum T levels were defined as T values greater than
2 sp of the normal control (NC) population (T > 0.51 ng/ml).
Based on this definition, three of the OLIGO girls were noted to
have an elevated T level and were reclassified as having PCOS,
giving a total of 24 OLIGO girls and 153 PCOS adolescents.
Among the PCOS girls, 146 were hirsute, and 58 had elevated
serum T levels. All PCOS subjects had oligomenorrhea or sec-
ondary amenorrhea. Among the 43 normal adolescent girls, four
were discovered to have elevated T levels and were eliminated
from the study, resulting in 39 NCs. None of the NC girls were
hirsute. For comparison, an adult population of 73 PCOS women
and 36 normal women with regular menstrual cycles were included
in the study.

For data analysis, the subjects were stratified by body mass
index (BMI) into nonobese and obese groups. For adolescents,
obesity is defined as a BMI greater than 95% for age and sex
based on data from the National Health and Nutrition Exami-
nation Survey. The average BMI of an adolescent greater than the
95% is about 25 kg/m?>. Therefore, obese adolescents in this
study were defined as having a BMI of at least 25 kg/m? and
nonobese subjects as having a BMI below 25 kg/m?. In adults,
obesity was defined as having a BMI of at least 30 kg/m?.

All subjects were euthyroid, without evidence of hyperpro-
lactinemia or adrenal enzyme defect determined by 17-hy-
droxyprogesterone (17-OHP) levels at time of serum collection.
No subjects were on any medications known to modulate or
modify the menstrual cycle. Baseline clinical characteristics of all
the subjects are presented in Table 1. Informed consent was ob-
tained from the legal guardian of each subject less than 18 yr of
age and from those subjects 18 yr or older before participation
in this study. Informed assent was obtained from study subjects
less than 18 yr of age. The study was approved by the Institu-
tional Review Board of the University of California, San Diego;
Columbia-Presbyterian; Rochester Medical Centers; and the
University of Pittsburgh Children’s Hospital.

Procedures

Baseline serum samples were collected from previous or con-
current adolescent studies conducted at each study site. In
OLIGO and PCOS girls, baseline blood samples were drawn on
an arbitrary day. Absence of recent ovulation was confirmed in
the OLIGO and PCOS subjects by lack of menses 2 wk after study
or by serum progesterone levels of less than 1 ng/ml at the base-
line sample. All adolescent NC serum samples were obtained
from the early to midfollicular phase of the menstrual cycle. In
adult women, blood samples were obtained in a similar manner
as in the adolescent population, except that all subjects were
from the University of California, San Diego.

Assays
Samples were collected, processed, and stored at —20 C until
ready for analysis. The samples were analyzed in three separate
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TABLE 1. General characteristics and basal steroid hormone levels in adolescent subjects

OLIGO PCOS NC
n 24 153 39
Age (yr) 16.4 + 0.42 15.7 = 0.1¢ 14.6 + 0.4
(16.0, 13.1-18.2) (15.7, 13.0-18.1) (15.0, 12.0-14.0)
BMI (kg/m?) 309+15 34.1 * 0.6° 299 +1.0
(32.0, 20.0-44.2) (34.0, 22.8-46.4) (30.1, 20.0-40.0)
A (ng/ml) 1.2 £ 0.12° 1.7 £ 0.1¢ 0.9 +0.1
(1.1,0.36-2.2) (1.6,0.9-2.6) (0.9, 0.3-1.6)
T (ng/ml) 0.3 +0.03° 0.5 + 0.03° 0.2 +0.03
(0.3, 0.1-0.5) (0.5, 0.2-1.0) (0.2, 0.1-0.4)
17-OHP (ng/ml) 1.5+0.2 1.8 £0.1° 1.3 +0.1
(1.4,0.4-4.7) (1.6, 0.7-3.6) (1.2, 0.4-3.4)
E, (pg/ml) 46.6 = 5.7 56.9 + 3.0 474 =49
(39.2, 21.5-131.6) (47.9, 23.4-128.1) (35.7, 19.9-141.7)
SHBG (ug/dl) 0.96 + 0.132% 0.37 = 0.03 0.50 = 0.04
(0.76, 0.30-2.22) (0.29, 0.05-1.0) (0.51,0.19-1.0)
FAI 121 +7.7° 22.0 = 1.9° 51+0.5
(3.6, 1.7-57.5) (16.0, 3.6-66.7) (4.4,1.6-12.3)
FSH (mIU/ml) 54+ 0.4 4.8 +0.2 4.8 +0.7
(6.0, 1.8-8.9) (4.9,1.3-7.7) (4.4, 1.1-10.3)
LH (mIU/ml) 6.4 + 1.0%° 9.3 +0.7° 22+04
(4.7, 1.3-20.2) (8.6, 1.7-22.4) (1.8, 0.13-5.8)

Data are expressed as mean = st (median, 5-95%). To convert to SI units for A, multiply by 3.49; for T, by 3.47; for 17-OHP, by 3.03; for E,, by

3.67; and for SHBG, by 40.2.

2 P < 0.05 for OLIGO vs. NC.

b p < 0.05 for OLIGO vs. PCOS.
€ P < 0.05 for PCOS vs. NC.

batches. Each sample was measured in duplicate for andro-
stenedione (A), T, 17-OHP, estradiol (E,), SHBG, LH, FSH, and
AMH. Serum A, T, and E, values were measured by well-estab-
lished RIA (8) with intraassay coefficient of variation (CV) less
than 7%. 17-OHP was measured by RIA with intraassay CV less
than 7% (Diagnostic Systems Laboratory, Inc., Webster, TX).
SHBG was determined by Diagnostic Systems Laboratory kit
6300, with intraassay and interassay CVs of 2.5 and 3.73%,
respectively. The free androgen index (FAI) was calculated ac-
cording to the following formula: [total T X 100/SHBG] (9).
Serum LH and FSH were measured by RIA, with intra- and
interassay CV for LH of 5.4 and 8.0%, respectively, and for FSH
of 3.0 and 4.6%, respectively (Diagnostic Products Corp., Los
Angeles, CA). Serum AMH levels were assessed using ELISA
(Diagnostic Systems Laboratory, Inc.) with intra- and interassay
CVs of 4.12 and 6.19%, respectively.

Statistical analysis

Comparisons between groups on continuous measures were
made using paired ¢ tests or repeated-measure one-way ANOVA.
When ANOVA reached statistical significance, independent
comparisons were made using Tukey-Kramer honestly signifi-
cant difference. The AMH data were log-transformed for the
adolescent group and Box-Cox transformed for the adult group
to obtain a normal distribution of the data. Correlation analysis
was done using Pearson correlation and fixed model multiple
regression. Results are reported as the mean * sg, and P < 0.05
was considered significant. NCSS 2007 (NCSS, Kaysville, UT)
and JMP version 8 (SAS Institute, Inc., Cary, NC) were used to
perform the statistical analysis.

Results

Baseline clinical and hormone measurements

The mean age of OLIGO subjects was similar to that of
PCOS girls, and both were greater than that of normal
adolescents (Table 1). The mean BMI in OLIGO girls was
not different from that of PCOS or normal subjects. By
comparison, BMI values in PCOS girls were significantly
higher than those of the normal group.

In the OLIGO group, serum androgen and LH levels
were intermediate between values observed for PCOS and
normal girls. Notably, in OLIGO girls, mean A, T, and LH
levels were significantly lower compared with adolescent
PCOS, whereas serum A and LH were higher compared
with normal girls (Table 1). Serum 17-OHP, SHBG, E,,
and FATin OLIGO girls were similar compared with either
PCOS or normal adolescents. Not unexpectedly, serum T,
17-OHP, SHBG, and the FAI in PCOS girls were greater
than those observed in NCs. Circulating FSH concentra-
tions were not different among groups.

Among adult women, PCOS subjects were significantly
younger (28.5 = 0.70 vs. 32.0 = 1.5 yr) and heavier
(35.0 = 1.2 vs5. 27.7 * 1.7 kg/m?) compared with corre-
sponding values observed in NCs. Women with PCOS also
exhibited increased levels of serum LH, T, A, 17-OHP, and
FAI, whereas circulating FSH was lower than that of nor-
mal adults. There was no difference in serum concentra-
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FIG. 1. Comparison of serum AMH levels among NC, OLIGO, and
PCOS adolescents, and normal and PCOS adults. AMH values in OLIGO
and both PCOS groups were similar. In each of these groups, mean
serum AMH was greater than that observed in either adolescent or
adult NC (P < 0.001). There was no significant difference between the
NC groups. *, Significantly different from NC adolescent (P < 0.001).

tions of E, and SHBG between the PCOS and normal
women (data not shown).

Basal serum AMH levels

ANOVA with Tukey-Kramer post hoc testing was used
to determine significant differences in mean AMH levels
between all groups studied. The basal serum AMH levels
were similar in OLIGO (5.33 = 0.47 ng/ml) and PCOS
(5.28 = 0.26 ng/ml) girls and in PCOS adults (6.36 + 0.47
ng/ml). Similarly, there was no significant difference be-
tween the NC adolescents (3.05 = 0.31 ng/ml) and the NC
adults (2.33 * 0.22 ng/ml). A significant difference was
found between the OLIGO, PCOS, and adult PCOS sub-
jects compared with the adolescent and adult NC subjects,
P < 0.001 (Fig. 1).

Relationship of serum AMH levels to BMI

Pairwise comparison of serum AMH between obese
and nonobese subjects revealed that AMH levels were sig-
nificantly greater in the nonobese compared with the
obese subjects within each group of NC (P = 0.05),
OLIGO (P = 0.01), and PCOS (P < 0.01) adolescents
(Table 2). In the adults, the disparity between lean and
obese subjects was maintained in the PCOS group (P =
0.01). In the NC women, mean AMH levels were greater
in the nonobese compared with the obese controls but did
not achieve statistical significance. Subsequent Pearson
correlation analysis demonstrated a significant inverse
correlation between AMH and BMI for the adolescent
subjects (P = 0.002) and the adult subjects with PCOS
(P = 0.002) (data not shown).

Serum AMH levels compared with androgens
Fixed model multiple regression analysis was used to
assess the relationship between serum AMH levels and
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TABLE 2. Pairwise t test comparisons between obese
and nonobese adolescents and adults

P
Group Nonobese Obese value
Adolescents
OLIGO 7.12 = 0.60 4.60 = 0.52 <0.02
PCOS 8.52 = 0.97 4.89 + 0.30 <0.01
NC 4.08 = 0.82 2.70 £ 0.30 0.05
Adults
PCOS 8.52 = 0.97 4.89 + 0.30 <0.02
NC 2.10 £ 0.33 1.15+0.28 0.11

Values are expressed as mean (*sg) serum AMH (ng/ml). To convert to
Sl units for AMH, multiply by 7.14.

ovarian androgens using the model: log (AMH) = A + T +
17-OHP + FAI for the adolescents, and the equation
(AMH "~ 0.4 — 1)/0.18813297019488 = A + T + 17-
OHP + FAI for the adults. Serum AMH in both the ad-
olescents and adults showed a significant positive associ-
ation with A only. In addition, A had the strongest
association with AMH, determined by the coefficient of
determination, R?, in both the adolescents and adults (Ta-
ble 3). BMI is a significant variable in the fixed model
analysis, but the overall conclusions regarding the rela-
tionship between serum AMH levels and ovarian andro-
gens was the same whether or not BMI was included in the
model.

Discussion

The results of this study have revealed that adolescent girls
with oligomenorrhea and no clinical or biochemical evi-
dence of hyperandrogenism exhibit significantly elevated
serum AMH levels compared with values observed in nor-
mal girls with regular menstrual cycles. By comparison,

TABLE 3. Results of fixed-model multiple regression
analysis using androgens (A, T, 17-OHP, and FAl) as the
independent variable and AMH as the dependent
variable

Model b(i) SE P value R?
Adolescents 0.291 (model R?)

A 0.069 0.014 <0.001 0.113

T 0.058 0.033 0.078 0.015

17-OHP —0.026 0.025 0.309 0.005

FAI 0.001 0.001 0.305 0.005
Adults 0.419 (model R?)

A 0.643 0.195 0.002 0.097

T 0.679 0.555 0.226 0.013

17-OHP —0.331 0.297 0.270 0.011

FAI 0.005 0.029 0.855 0.001

Model: Log AMH = A + T + 17-OHP + FAI for the adolescents, and
(AMH " 0.4 — 1)/0.18813297019488 = A + T + 17-OHP + FAI for the
adults. b(i), Regression coefficient; R?, whole model adjusted R? and
individual R? as noted.
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circulating AMH values are essentially indistinguishable
between OLIGO and PCOS adolescents. Relative to
adults, mean AMH levels in OLIGO and PCOS girls were
similar to those of PCOS women and significantly higher
than those of normal women. Serum AMH levels tended
to be higher in normal adolescent girls compared with
normal adult women.

There is an absence of available data regarding serum
AMH levels in adolescent girls with oligomenorrhea, and
there are relatively few published reports of circulating
AMH in adolescence. In normal girls, studied from in-
fancy to adulthood, assessment of AMH levels revealed a
gradual rise from 1-2 yr of age that achieved peak levels
at ages 10-16 before an ensuing decline with age (10). In
peripubertal girls, serum AMH levels were reported to be
slightly lower (1.9 = 1.1 ng/ml) than observed in early
adolescence (11). This subtle difference is likely due to the
lower mean age of girls during peripuberty compared with
postpubertal adolescents as described by Lee et al. (10). In
girls with PCOS, Siow ez al. (6) showed that AMH levels were
significantly greater than those of normal adolescents.

It appears as if the pubertal increase of serum AMH in
normal girls coincides with advanced development of the
ovary during postmenarche and into early adolescence.
Under the influence of increased gonadotropin secretion
and likely intraovarian growth factors, follicle growth and
maturation are enhanced because the quiescent ovary
gradually becomes functionally active. Within the granu-
losa cell, AMH protein expression is strongest in growing
preantral and early antral follicles (4, 12). Thus, in young
adolescent girls, the prominence of AMH secretion is prob-
ably derived from this population of growing follicles.

In OLIGO girls, AMH levels were significantly higher
compared with normal adolescents with regular men-
strual cycles and equivalent to values observed in girls with
PCOS. In adult women with PCOS, elevated levels of
AMH have been attributed to the greater number of fol-
licles within the polycystic ovary because the intensity of
AMH immunostaining in primary, secondary, and antral
follicles of adult polycystic ovaries has been shown to be
identical to that of normal ovaries (12). These in vitro
findings are consistent with clinical observations reported
in women with regular menstrual cycles as well as in
women with PCOS. In normal women, ovarian imaging
and AMH measurements on d 3 of the menstrual cycle
revealed that antral follicle number and serum AMH were
significantly correlated (13, 14). A similarly strong posi-
tive correlation has been shown in women with PCOS and
normal women by Pigny et al. (5). Notably, when antral
follicles were divided by size, AMH was significantly re-
lated to the number of small antral follicles (2-5 mm) and
not to the number of larger antral follicles (6-9 mm) (3).

J Clin Endocrinol Metab, April 2010, 95(4):1786-1792

Based on these findings, it has been proposed that serum
AMH may serve as a surrogate marker for polycystic ova-
ries in women with hyperandrogenism with or without
oligoanovulation (5).

Accordingly, it is tempting to speculate that the in-
creased AMH levels observed in OLIGO girls without ev-
idence of hyperandrogenism may reflect increased num-
bers of growing and antral follicles and possibly polycystic
ovaries. In preliminary studies conducted in adolescent
girls with PCOS, we have observed that serum AMH levels
appear to closely correlate with antral follicle number as
determined by magnetic resonance imaging (Park, A., pre-
liminary observations). Unfortunately, the current study
was not designed to include ovarian ultrasound, although
imaging studies are under way in adolescent OLIGO girls
to test this notion. Nevertheless, by assuming that circu-
lating AMH is, indeed, a surrogate marker for antral fol-
licle number as proposed by Pigny et al. (5), then elevated
AMH levels in OLIGO girls without evidence of hyperan-
drogenism fulfill the criteria for the diagnosis of PCOS as
designated by Rotterdam (1, §).

Similar to that of adolescent girls, there are little avail-
able data on AMH levels in nonhyperandrogenemic adults
with oligomenorrhea or women with nonhyperandrogen-
emic PCOS according to Rotterdam criteria (15). Laven
et al. (16) separated World Health Organization class 2
(WHO 2) women (normal estrogen levels) with oligoam-
enorrhea according to whether their ovaries were poly-
cystic (PCO) or normal (non-PCO). Those with PCO had
increased serum LH and androgen levels, thus fulfilling the
diagnostic criteria for PCOS. The non-PCO women with
irregular cycles had significantly lower AMH values than
those with PCO, and in both groups of WHO 2 subjects,
serum AMH was greater than that of NCs. Based on these
findings together with the notion that AMH reflects antral
follicle number, OLIGO girls in the current study warrant
consideration of the diagnosis of PCOS according to Rot-
terdam criteria.

Itis also interesting to note that AMH had a significant
inverse relationship with BMI in the adolescents and the
adult PCOS. Negative correlations of AMH with BMI
have also been noted in several other studies (3, 17-19)
and may be a reflection of altered hormone metabolism in
obesity. De Pergola et al. (20) reported significantly lower
inhibin B, FSH, and LH levels in overweight/obese women
with regular menstrual cycles. Despite the significantly
lower hormone levels in the overweight/obese individuals,
hormone function was unchanged, as evidenced by fol-
liculogenesis in the context of regular menstrual cycles,
unchanged number of antral follicles (compared with nor-
mal-weight women), and elevated serum midluteal pro-
gesterone levels. However, in regularly menstruating,
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morbidly obese women, luteal phase inadequacy was
noted along with significantly lower mean LH levels (21).
Luteal phase inadequacy was reflected by a significant
deficit of urine pregnanediol glucuronide excretion by
these morbidly obese women. This suggests that there may
be a threshold in obesity where reproductive dysfunction
is present despite regular ovulation. Su ef al. (22) also
reported significantly lower AMH levels without change
in antral follicle number in obese women with decreased
ovarian reserve.

Although well recognized, the basis for an inverse re-
lationship between BMI and AMH remains unknown.
Whether the production of AMH is impeded or metabolic
clearanceis accelerated in obese women has not been stud-
ied. This is probably due, in part, to the lack of informa-
tion regarding the regulation of AMH synthesis and re-
lease. It has been suggested that in obesity, there may be a
disruption in follicle function, thus resulting in decreased
AMH (17). This consideration warrants further study.

Multiple regression analysis of androgens showed a sig-
nificant relationship of androgens to AMH levels in both
adolescents and adults, as evidenced by model-adjusted R*
values of 29 and 42% for adolescents and adults, respec-
tively. In particular, A had the strongest correlation, with
the highest R* value within each model. This suggests that
androgens may influence AMH production or that AMH
levels are a reflection of the number of follicles producing
androgen.

Androgens have been shown to affect follicle number in
nonhuman primates by enhancing early follicular devel-
opment and follicle growth (23, 24). AMH is found in the
granulosa cells of growing follicles and correlates strongly
with follicle number. Therefore, androgens may increase
AMH by increasing follicle number. Pigny et al. (5) com-
pared PCOS women with and without hyperandrogenism
and found that circulating AMH levels were significantly
higher in women with hyperandrogenism compared with
that of women without hyperandrogenism. Our study and
others have also found a positive correlation between
AMH and T in both adolescents and adults (14, 18, 19).
Alternatively, morphogenesis of the polycystic ovary, al-
though associated with androgen excess and elevated serum
AMH, remains unexplained. There are several extra- and
intraovarian factors that may be relevant in this regard,
including increased LH secretion, hyperinsulinemia, oo-
cyte-derived peptides, and intraovarian proteins that have
been implicated in abnormal follicle growth and develop-
ment (25-27). Additionally, an as yet undiscovered inher-
ent defect in folliculogenesis may exist.

In contrast, reduction of circulating androgen levels in
women with PCOS has not consistently been associated
with lowered serum AMH. Fleming et al. (28) used met-

jcem.endojournals.org 1791

formin to decrease circulating androgen levels, which re-
sulted in a significant decrease in AMH and antral follicle
count. However, in a prospective randomized, double-
blind, placebo-controlled study of women with PCOS,
Carlsen et al. (29) found that suppression of androgen
levels by metformin with or without dexamethasone was
not accompanied by a corresponding decrease in serum
AMH. The discrepancy in serum AMH levels after a sig-
nificant decrease in T levels could have been related to the
presumptive increase in ovulatory cycles observed in the
study by Fleming et al. (28) compared with the lack of
ovulation reported by Carlsen et al. (29). It is unknown
whether long-term ovulation impacts ovarian morphol-
ogy in anovulatory PCOS. However, significant decreases
in AMH have been observed in anovulatory PCOS women
undergoing ovulation induction with FSH (30). Whether
this was a direct or indirect effect of FSH on AMH is not
clear. Studies in rats and humans have shown that FSH
decreases AMH and AMH type II receptor expression in
granulosa cells (31, 32). Alternatively, because the decline
of AMH associated with FSH occurred after several days
of treatment, this may have been the result of advanced
follicular growth from the pool of small antral follicles
(30). In addition, it has been reported that acute admin-
istration of FSH has no effect on circulating AMH levels
(33). Thus, in PCOS, ovulation, in addition to a reduction
of androgen levels, may be required to produce a decrease
in preantral and small antral follicle number, thus leading
toward lowered AMH levels.

In conclusion, OLIGO adolescents have elevated serum
AMH levels similar to adolescents with PCOS. Adult stud-
ies correlating AMH with antral follicle count suggest that
the OLIGO adolescent without signs or symptoms of hy-
perandrogenism has elevated antral follicle number sim-
ilar toPCOS and may indeed have PCOS by the Rotterdam
criteria. Imaging studies correlating AMH with antral fol-
licle count in adolescents are currently under way to de-
termine this relationship.
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