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Abstract

Aim: To evaluate the dynamics of anti-Müllerian hormone (AMH) during controlled ovarian
stimulation (COH) and to correlate changes in AMH to age, estradiol (E2) levels, and the
presence of polycystic ovary syndrome (PCOS).
Methods: Data were retrospectively collected from women presenting for COH in the outpatient
clinic of a university hospital between January and July 2011. Concentrations of AMH and E2
during COH with gonadotropins for in vitro fertilization (IVF) (n¼ 68) and clomiphene or low-
dose gonadotropin stimulation cycles (n¼ 27) for intrauterine insemination were evaluated.
Percentage change in AMH and E2 from pre-stimulation values was calculated. Dynamics of
hormonal changes were analyzed using non-parametric tests. Correlations between changes in
AMH and E2 were analyzed with Spearman correlation.
Results: During IVF stimulation, AMH declined steadily from pre-stimulation values. No significant
change in AMH dynamics was observed during clomiphene or low-dose stimulation cycles.
Percentage decline in AMH during IVF stimulation correlated with rise in E2 at all time points.
Conclusions: The observed phenomena contribute to an improved understanding of AMH
expression and its role in the follicular development. Our data support the concept that AMH is
produced by secondary, preantral and small antral follicles in the early part of stimulation and
declines as these follicles are recruited into dominant growing follicles.
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Introduction

Anti-Müllerian hormone (AMH) is a 140-kD homodimeric
glycoprotein and consists of 560 amino acids. It belongs to the
transforming growth factor-b (TGF-b) superfamily of growth and
differentiation factors and is expressed exclusively by gonadal
somatic cells [1].

AMH is undetectable in primordial and primary follicles and is
first expressed in the granulosa cells (GC) of secondary follicles
[2]. The serum AMH level is therefore strongly correlated with
the number of secondary and antral follicles. AMH is a regulator
of early follicular growth probably by decreasing the sensitivity of
ovarian follicles to FSH [3].

Several studies have demonstrated that AMH serum levels do
not significantly change throughout the natural menstrual cycle
[4–7], making it a unique parameter to investigate ovarian
function. However, other authors have reported a significant
decline in AMH levels in the early luteal phase [8,9]. Wunder
et al. assessed AMH dynamics during the menstrual cycle in
36 healthy women: AMH levels reached their maximum in the
late follicular phase and declined when estradiol started to rise.
The lowest AMH levels were found in the early luteal phase
immediately after ovulation, suggesting that luteinization may
exert an inhibitory effect on AMH-producing GC.

Elevated AMH serum levels are found in women with
polycystic ovary syndrome (PCOS), up to 75 times higher than
in those with normal ovaries [10]. This phenomenon is likely the
result of increased synthesis by GC of the poly-follicular
polycystic ovaries [11]. These elevated AMH levels may decrease
the response of follicles to FSH and thereby inhibit the selection
of a dominant follicle [10,12].

We aimed to evaluate possible dynamics of AMH during
controlled ovarian stimulation (COH) for in vitro fertilization (IVF)
and compare these findings to those obtained during clomiphene/
low-dose stimulation. Repeated measurements and frequent time
points of evaluation and a sub-analysis based on the age and the
presence of PCOS are being performed for the first time.

Materials and methods

Data for the study were retrospectively collected from women
aged 22 to 47 years presenting for COH at Innsbruck University
Hospital. After obtaining ethics committee approval (UN4546-
308/4.3 Ethics Committee Medical University Innsbruck,
Austria), 68 IVF/intracytoplasmic sperm injection (ICSI) cycles
as well as 27 cycles during clomiphene and low-dose gonado-
tropin stimulation were retrospectively evaluated. Inclusion
criteria were the following: female patients between 18 and
45 years who intended to become pregnant, medical reasons for
hormonal stimulation and hormone measurements at several time
points. There were no specific exclusion criteria.

For IVF/ICSI, patients were stimulated with gonadotropins
in the long agonist or antagonist protocol in a step-down
fashion, beginning with 150–300 IE daily. The treating
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physician individually determined the protocol and dosage.
For clomiphene stimulation cycles, patients received 50 mg
clomiphene orally beginning on day 3–5 of the menstrual
cycle for 5 days. Gonadotropin dosages used for low-dose
stimulation for intrauterine insemination were individualized and
determined by the treating physician. In accordance with institu-
tional guidelines, patients were stimulated with recombinant FSH
at a dose of 37.5–75 IE daily, not exceeding 100 IE, with the goal of
recruiting no more than two dominant follicles.

Serum hormone measurements (AMH; E2) were performed at
the start of stimulation (day 1), then every 2–3 days until the day
of hCG administration during the stimulation for IVF. Ultrasound
examinations were performed starting on stimulation day 4 for
antagonist cycles and day 6 for agonist cycles and repeated at least
every two days until the day of hCG administration. Women
undergoing clomiphene stimulation were evaluated at baseline on
the starting day of medication (day 3 or 4) and re-evaluated
between cycle day 10–12, then every 1–2 days, until ovulation
induction with hCG.

AMH concentrations were measured using enzyme-
linked immunosorbent assay (ELISA) (Beckman Coulter Inc.).
The sensitivity of the test was 0.16 ng/ml; inter- and intra-
assay coefficients of variation were below 6% for the entire
range of serum AMH concentrations. E2 concentrations
were measured using an electrochemiluminescence immunoassay

(ECLIA) (Roche Diagnostics, Indianapolis, IN) with a
sensitivity of 12 pg/ml and inter- and intra-assay coefficients of vari-
ation below 7% for the entire range of E2 concentrations.

Ultrasound examinations were performed with a 5–9 MHz
transvaginal transducer (Voluson E8, General Electric Healthcare,
Fairfield, CT). Each follicle was measured in two dimensions, and
the mean value was taken.

For women undergoing stimulation for IVF/ICSI, percentage
rise or fall in AMH and E2 levels from pre-stimulation basal
values was calculated at regular intervals of 2–3 days during
stimulation, up to the day of ovulation induction.

For women undergoing clomiphene or low-dose gonadotropin
stimulation, hormone levels at the time of ovulation induction
were compared to pre-stimulation basal values.

Sub-group analyses were performed to compare AMH and E2
dynamics in women under and over 35 years, as well as women
with and without PCOS.

Statistics

Percentage rise or fall in AMH concentrations from pre-stimulation
values were calculated using the following formulas, where
AMHDiff signifies the percentage difference in AMH between the
time point of evaluation and baseline (AMHd1), as depicted
in Figure 1(A). As previously stated, AMH was evaluated on days
4–5 (AMH(d4–5)), 6–7 (AMH(d6–7)), 8–9 (AMH(d8–9)), 10–11

d1 
(basal)

d4-5 d6-7 d8-9 d10-11 d12-13

Diff5

Diff4

Diff3

Diff2

Diff1

(A)

Figure 1. (A) Time points of assessment of AMH and E2 during controlled ovarian stimulation for IVF/ICSI with Diff N signifying comparison to
baseline. (B) Dynamics of anti-Müllerian hormone during controlled ovarian hyperstimulation. The bottom and top of the box represent the 25th and
75th percentile, respectively; the band within the box represents the median; the ends of the whiskers represent the minimum and maximum of the data.
A circle not included between the whiskers is an outlier.
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(AMH(d10–11)), and 12–13 (AMH(d12–13)), or until hCG
administration:

AMHDiff1 ¼
AMHðd4�5Þ

AMHdl

� �
� 1

� �
� 100;

AMHDiff2 ¼
AMHðd6�7Þ

AMHdl

� �
� 1

� �
� 100;

AMHDiff3 ¼
AMHðd8�9Þ

AMHdl

� �
� 1

� �
� 100;

AMHDiff4 ¼
AMHðd10�11Þ

AMHdl

� �
� 1

� �
� 100;

AMHDiff5 ¼
AMHðd12�13Þ

AMHdl

� �
� 1

� �
� 100

For clomiphene cycles and low-dose gonadotropin stimulation
cycles, the percentage of change in AMH from baseline (AMHd1)
to the day of ovulation induction (AMHdOvul) was calculated
using the following formula:

AMHDiffðClÞ ¼ AMHdOvul

AMHdl

� �
� 1

� �
� 100:

Calculations for percentage change in E2 from baseline were
performed similarly.

Hormone dynamics were analyzed using Wilcoxon and Mann–
Whitney non-parametric tests, correlations between changes in
AMH and E2 were analyzed with the Spearman correlation.
Statistical analysis was performed using IBM SPSS Statistics
20 software (SPSS Inc., Chicago, IL). Results were considered to
be statistically significant at p values of50.05.

Results

During COH for IVF/ICSI, AMH levels declined gradually and
continuously from pre-stimulation baseline until the time of hCG
administration, as shown in Figure 1(B).

The percentage decline increased steadily during the stimula-
tion, from a mean decline of 19.13%� 24.95% (p50.001) on
stimulation day 4/5 to a mean decline of 35.86%� 22.80%
(p50.001) on stimulation day 6/7 to a mean decline of
43.30%� 25.45% (p50.001) on stimulation day 8/9 and to a
mean decline of 63.65%� 17.21% (p50.001) and
57.16%� 26.74% (p¼ 0.001) on stimulation days 10/11 and 12/
13, respectively (Table 1A).

However, great variability in AMH levels between patients was
observed, reflected by the large standard deviations at each time
point.

The AMH dynamics were similar for IVF cycles that used
GnRH agonists and antagonists up to day 10 of stimulation, with
no statistical differences between groups (Table 1A). However,
the AMH decline on day 10/11 and 12/13 compared to baseline
values was not significant in patients in the antagonist protocol.

Percentage decline in AMH during IVF stimulation correlated
significantly with a rise in E2 at two of the five measured time
points, specifically on day 8/9 (r¼�0.36, p¼ 0.02) and on day
10/11 (r¼�0.34, p¼ 0.05). There was no negative correlation
earlier in stimulation nor at the conclusion of stimulation on say
12/13 (r¼�0.15, p¼ 0.34; r¼�0.09, p¼ 0.55; r¼�0.26,
p¼ 0.39).

When grouped based on the presence or absence of PCOS, the
N¼ 21 women with PCOS exhibited the same relative dynamics
(percentage change from baseline) as the N¼ 47 women without
PCOS (Table 1B and Figure 2). In addition, there was no
statistical difference in the dynamics of AMH in women younger
than 35 years old compared to those equal to or older than 35

years (data not shown), although women over 35 had lower
absolute AMH levels at baseline and during stimulation, as
expected.

In contrast to the decline in AMH seen during IVF stimulation,
the AMH concentration remained unchanged during clomiphene
cycles and low-dose gonadotropin cycles, all of which had no
more than two dominant follicles on the day of ovulation
induction (Figure 3).

Discussion

In the present study, we found that serum AMH showed a steady
decline during COH for IVF/ICSI. In contrast, AMH levels at the
time of ovulation induction with clomiphene or low-dose FSH
were unchanged from the pre-stimulation levels. These findings
support the conclusions of Fanchin et al. [13] that the decline in
AMH levels during COH probably reflects the reduction in the
number of AMH-producing small antral follicles as they are
stimulated to grow to larger non-AMH producing follicles, again
confirming the expression of AMH preferentially by preantral and
small antral follicles [12].

Eldar-Geva et al. [14] observed significantly higher AMH
levels in women with polycystic ovaries (PCO) and

Table 1. (A) and (B) Percentage changes in AMH levels during
controlled ovarian hyperstimulation, according to the stimulation
protocol or the presence of PCOS. Within and between-group
differences are shown.

Panel A
GnRH
agonist

GnRH
antagonist

All IVF
cycles

Between
group,

p values

Diff1 Mean decline, % 15.25 27.96 19.13
SD 24.32 24.77 24.95
p 0.001 0.008 50.001 0.084

Diff2 Mean decline, % 34.62 38.91 35.86
SD 19.41 29.99 22.80
p 50.001 0.005 50.001 0.232

Diff3 Mean decline, % 45.41 38.04 43.3
SD 20.98 34.47 25.45
p 50.001 0.012 50.001 0.772

Diff4 Mean decline, % 63.40 65.89 63.65
SD 17.67 14.10 17.21
p 50.001 0.068 50.001 0.752

Diff5 Mean decline, % 62.19 46.08 57.16
SD 17.39 41.47 26.74
p 0.003 0.068 0.001 0.610

Panel B
PCOS

patients
Non-PCOS

patients
Between
group,

p values

Diff1 Mean decline, % 12.25 22.93
SD 22.62 25.65
p 0.013 50.001 0.075

Diff2 Mean decline, % 31.47 37.96
SD 17.94 24.72
p 50.001 50.001 0.282

Diff3 Mean decline, % 44.09 42.96
SD 19.94 27.74
p 50.001 50.001 0.957

Diff4 mean decline, % 58.93 66.48
SD 16.84 17.13
p 0.001 50.001 0.294

Diff5 Mean decline, % 55.27 57.78
SD 19.66 29.47
p 0.068 0.003 0.396

SD, standard deviation; p, significance level.
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hyperandrogenism compared to women with PCO without
hyperandrogenism, despite a comparable number of small
follicles. A recent study by Lee et al. [15] of women undergoing
IVF found increased AMH levels on the day of oocyte retrieval
compared to at baseline and a further increase on day 14 after
oocyte retrieval. Similar dynamic changes in AMH levels were
seen for cycles using GnRH agonist and antagonist treatment.

We found that the recruitment of only one or two dominant
follicles as seen in clomiphene or low-dose gonadotropin cycles
does not alter AMH levels, confirming that AMH levels are stable
under these circumstances in the follicular phase, as known for
natural cycles. These results are in accordance to a study by

Liberty et al. [16] who found a decline of AMH levels in women
undergoing COH but not in women treated with clomiphene or
low-dose FSH. Two other studies [17,18], however, demonstrated
a decline of AMH serum levels during treatment with FSH
possibly caused by downregulation of AMH by FSH [19]. These
discrepant findings may be explained by the higher doses of FSH
administered in these two studies.

We found that in spite of expected higher basal AMH levels in
patients with PCOS, the percentage change in AMH concentra-
tions during COH was similar to AMH dynamics in non-PCOS
patients. Analogously, in spite of lower basal AMH levels, older
patients over 35 showed similar percentage changes as patients

Figure 3. AMH did not change from beginning of stimulation to time of ovulation induction for low-dose and clomiphene stimulation cycles.

Figure 2. Dynamics of anti-Müllerian hormone during controlled ovarian hyperstimulation in patients with and without PCOS. No between group
differences were seen.

124 B. Böttcher et al. Gynecol Endocrinol, 2014; 30(2): 121–125

G
yn

ec
ol

 E
nd

oc
ri

no
l D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ite

 D
e 

Sh
er

br
oo

ke
 o

n 
05

/0
4/

15
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



younger than 35 years of age. These findings imply that, during
COH, a comparable proportion of follicles are selected from all
follicles available, independent of their basal number.

We also found that the decline of AMH negatively correlated
with the rise in E2 during stimulation for IVF/ICSI at the mid-
point of stimulation which could be explained by the decline of
AMH coinciding with the selection of the dominant follicle(s).
At the end of stimulation, this negative correlation was no longer
present, likely owing to the small numbers of women who were
stimulated beyond 11 days.

The physiological phenomena observed in this study contrib-
ute to an improved understanding of AMH expression and its role
in the follicular development. Our data support the concept that
AMH is produced by secondary, preantral and small antral
follicles in the early part of stimulation and declines as these
follicles are recruited into dominant growing follicles.
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