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Abstract
Objective: The objective of  the present study was to
evaluate the correlation between anti-müllerian hor-
mone (AMH), inhibin B, and activin A in follicular flu-
id from patients receiving treatment with in-vitro fer-
tilization (IVF) and intracytoplasmic sperm injection
(ICSI), to identify a parameter to assess the maturation
and developmental potential of  oocytes.
Materials and methods: AMH, inhibin B, and activin A
were measured in follicular fluid from 27 patients un-
dergoing IVF/ICSI treatment for male-factor infertili-
ty, tubal occlusion, endometriosis, or anovulation. The
values were correlated with the serum estradiol level,
the numbers and maturation of  the oocytes, and the
outcome of  IVF/ICSI.
Results: A positive correlation was found between
AMH in follicular fluid and the number of  oocytes re-
trieved. High inhibin B levels in follicular fluid and
high serum E2 levels indicated a normal ovarian re-
sponse to stimulation, corresponding to the oocyte
numbers, while low inhibin B and 17-β-estradiol (E2)
levels indicated poor responders to stimulation. An ac-
tivin A/inhibin B ratio of  less than 1 and very high in-
hibin B levels correlated with large numbers of
oocytes, while a ratio of  1–2 and high inhibin levels
correlated with regular numbers of  oocytes. An ac-
tivin/inhibin ratio of  more than 3 and low inhibin lev-
els were found in poor responders. Pregnancies oc-
curred predominantly in the group with a normal or
high response. Patients with elevated ratios for 17-β-
estradiol/AMH, oocyte numbers/AMH, and meta -
phase II oocyte numbers/AMH had the best chances
of  becoming pregnant, indicating an inverse correla-
tion between AMH and the maturation and develop-
mental potential of  the oocytes.
Conclusions: In IVF/ICSI patients, a positive correla-
tion was found between AMH, inhibin B, and the ac-
tivin A/inhibin B ratio in follicular fluid, on the one
hand; and between serum 17-β-estradiol levels and the
numbers of  oocytes retrieved, on the other. The ac-
tivin A/inhibin B ratio correlated with the number of
oocytes retrieved. The ratio for 17-β-estradiol, oocyte
numbers, and metaphase II oocytes relative to AMH
indicated the best developmental potential, and it can
therefore be assumed that there is a negative correla-

tion between AMH levels and the maturation and
quality of  oocytes.

INTRODUCTION

Serum anti-müllerian hormone (AMH), which induces
suppression of  the müllerian ducts in males, is thought
to play a role in ovarian function and has been report-
ed to be an important indicator of  normal menstrual
cycles [1]. The main source of  AMH, inhibin B, activin
A, and 17-β-estradiol is the granulosa-cell lining of  the
ovarian follicles. There have been several reports that
serum inhibin B levels, as a further indicator of  ovari-
an function, correlate with age and – in combination
with 17-β-estradiol – with the number of  oocytes and
the pregnancy rate in patients receiving treatment with
in-vitro fertilization (IVF) and intracytoplasmic sperm
injection (ICSI) [2, 3, 4, 5, 6]. Both parameters have
been investigated in serum at different time points
throughout the cycle. However, no parameters are cur-
rently available for assessing the maturation and quali-
ty of  oocytes to indicate their developmental potential.

The aim of  the present study was to investigate
AMH, inhibin B, and activin A in the follicular fluid of
IVF/ICSI patients, along with serum 17-β-estradiol
levels, and to correlate these parameters with oocyte
numbers, numbers of  metaphase II oocytes, and preg-
nancies by calculating the various corresponding ratios.

MATERIALS AND METHODS

Twenty-seven patients undergoing IVF/ICSI treat-
ment were included in the study. From each patient,
measurements of  AMH (pmol), inhibin B (pg/ml),
and activin A (ng/ml) were made, and the activin
A/inhibin B ratio was determined. An enzyme-linked
immunosorbent assay (ELISA) was used (activin A:
Oxford Bio-Innovation-LTD, inhibin B: DSL, AMH:
Asbach medical Products). Each patient’s hormonal
status was determined by measuring prolactin (ng/ml),
luteinizing hormone (LH, mU/ml), follicle-stimulating
hormone (FSH, mU/ml), 17-β-estradiol (pg/ml), and
progesterone (pg/ml). All of  the endocrine and hor-
monal parameters were measured in pooled follicular
fluid on the day of  oocyte retrieval. 17-β-estradiol,
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progesterone, and LH were measured in serum on the
same day. The numbers of  oocytes retrieved and the
numbers of  mature metaphase II oocytes were record-
ed, and the ratios for 17-β-estradiol/AMH, oocyte
numbers/AMH, and metaphase II oocyte numbers/
AMH were determined. We used descriptive statistics
only.

RESULTS

PATIENTS’ CHARACTERISTICS

The IVF/ICSI group consisted of  27 patients, aged
25–43. There were 22 cases of  primary sterility and five
cases of  secondary sterility. The patients with sec-
ondary infertility included two following delivery and
three following abortion. The cause of  sterility was
pure male subfertility in 13 patients; in two cases, testic-
ular sperm extraction (TESE) procedures had been car-
ried out. Nine patients had male-factor infertility com-
bined with additional problems – five with anovulation
and four with tubal occlusion. Only three patients had
tubal occlusion alone, and only two patients had severe
endometriosis (American Fertility Society class IV).
Eighteen patients had normal baseline hormonal levels
for LH, FSH, 17-β-estradiol, prolactin, testosterone,
and dehydroepiandrosterone sulfate (DHEAS). Three
patients had elevated DHEAS levels. Two patients had
elevated FSH values, and two patients had elevated pro-
lactin levels. One patient had an elevated testosterone
value. Fourteen patients had at least one previous treat-
ment cycle, while 13 patients were receiving their first
treatment cycle. Twenty patients underwent ICSI treat-
ment, two patients were treated after TESE procedures,
and five patients received IVF alone.

ANTI-MÜLLERIAN HORMONE

In the IVF/ICSI patients, AMH levels on the day of
oocyte retrieval ranged from 12.47 to 200 pmol, with a
median of  33.65 pmol. The highest value (200 pmol)
was found in a 30-year-old patient, from whom 16
oocytes were collected. Two other patients had AMH
levels over 100 pmol, and 15 and 20 oocytes were col-
lected in these cases, respectively. Two patients with
low AMH levels under 20 pmol had one and three
oocytes collected, respectively. There was no obvious
correlation with the age of  the patient or activin A
levels (correlation coefficient r = 0.39).

INHIBIN B

Inhibin B ranged from 3022 to 54,982 pg/ml and cor-
related positively with 17-β-estradiol, oocyte numbers,
and the outcome of  the IVF/ICSI treatment. Eight
patients with inhibin >40,000 pg/ml had 17-β-estradi-
ol values between 1004 and 3538 pg/ml. Four patients
with high 17-β-estradiol values > 3000 pg/ml had
high oocyte numbers, with more than 14 oocytes. Sev-
en pregnancies occurred. Low inhibin B levels of  less
than 6000 pg/ml were found in five patients, four of
whom had fewer than five oocytes collected and had
estradiol values < 1000 pg/ml.

ACTIVIN A

Activin A values ranged from 14.92 to 24.51 pg/ml,
with no correlation with any of  the other parameters,
and in particular no correlation with the numbers of
oocytes collected (r = 0.05).

ACTIVIN A/INHIBIN B RATIO

The activin A/inhibin B ratio correlated negatively
with 17-β-estradiol and oocyte numbers. A ratio of
less than 1 corresponded to high 17-β-estradiol levels
and oocyte numbers. A ratio of  1–2 in four patients
corresponded to a normal 17-β-estradiol level after
ovarian stimulation for IVF (1429–2151 pg/ml) and
normal oocyte numbers (< 10), while a ratio greater
than 3 in four patients indicated a low-response situa-
tion, with low 17-β-estradiol levels (269–834 pg/ml)
and few oocytes (< 5).

ESTRADIOL

17-β-estradiol in serum ranged from 269 to 4442
pg/ml and showed a strong positive correlation with
inhibin B levels and oocyte numbers. Four patients
with low 17-β-estradiol values of  less than 1000 pg/ml
had inhibin B values of  less than 6000 pg/ml, and less
than five oocytes were retrieved.

RATIOS FOR ESTRADIOL/AMH, OOCYTE
NUMBERS/AMH, METAPHASE II/AMH, AND IVF

OUTCOME (Table 2)

The calculated ratio of  serum 17-β-estradiol to AMH
ranged from 9.18 to 313.39. Four of  five patients with
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Table 1. Patients with an activin/inhibin ratio >3.

Patient
no.                 Age                AMH             Inhibin B       Activin A       Ratio             E2                  Oocytes         Outcome
                     (pmol)           (pg/ml)         (ng/ml)                               (pg/ml)

8                    42                  33.65             3022              12.02             3.97               309                2                    No pregnancy
20                  36                  14.1               3051              16.7               5.47               269                1                    No pregnancy
26                  41                  42.42             5138              18.2               3.54               817                3                    No pregnancy
27                  35                  24.53             5196              18.07             3.47               834                1                    No pregnancy

AMH, anti-müllerian hormone; E2, estradiol; ratio: activin/inhibin ratio.



values > 100 became pregnant. The ratio of  oocyte
numbers to AMH ranged from 0 to 0.56. Six of  seven
patients with values > 0.44 became pregnant. The ra-
tio of  metaphase II to AMH ranged from 0 to 0.47.
Five of  seven patients with values > 0.30 became
pregnant. Interestingly, all patients with values > 0.40
became pregnant. One patient with a ratio of  0.39
conceived but had an abortion.

The patients with normal to high responses to ovar-
ian hyperstimulation were aged 25–39, had high inhib-
in B levels (< 10,000 pg/ml) and high 17-β-estradiol
levels (> 1000 pg/ml) and had up to 23 oocytes re-
trieved. Seven pregnancies occurred in patients aged
25–39, with 4–16 oocytes collected. The ac-
tivin/inhibin ratio was < 1 in all cases.

The four patients with a poor response to ovarian
hyperstimulation were over the age of  35 (range
35–43). They had low inhibin B and estradiol levels,
and fewer than five oocytes were retrieved. No preg-
nancies occurred. The activin A/inhibin B ratio was >
3 in all cases.

DISCUSSION

Previous reports in the literature on AMH, serum in-
hibin B, and 17-β-estradiol following IVF [4, 5, 6] have
shown that poor responders to IVF treatment had sig-
nificantly lower luteal AMH levels, while high respon-
ders had significantly higher AMH and stimulated
luteal inhibin B and 17-β-estradiol levels than normal
responders. The authors found that a combination of
factors, including follicular phase, AMH, and stimulat-
ed inhibin B levels, could be used to predict the oocyte
numbers. Only AMH showed a significant difference
between pregnant and nonpregnant women in both
phases of  the cycle. AMH did not change 24 h after
FSH stimulation, either in the early follicular phase or
in the luteal phase. The most significant correlations
were found with follicular-phase inhibin B and AMH.
AMH is thought to play a role in ovarian function and
is essential for inducing suppression of  the müllerian
ducts in males [7]. AMH is an important indicator of
ovarian function and is reported to be the single best
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Table 2. Ratios for estradiol/anti-müllerian hormone (AMH), oocyte number/AMH, and metaphase II/AMH relative to the
outcome of in-vitro fertilization treatment.

Activin A/              Estradiol/             Oocyte/               Metaphase II/      Oocytes                Metaphase II     Outcome
inhibin B ratio         AMH ratio            AMH ratio            AMH ratio *                                      oocytes

0.38                           54.79                  0.307                     0.307                     11                         11                       Pregnancy
1.17                           65.39                  0.2463                   0.2463                     6                           6                       0
0.39                           45.08                  0.1796                   0.1796                     4                           4                       Pregnancy
1.35                           14.09                  0.0229                   0.0229                     2                           2                       0
0.47                         101.2                    0.2406                   0.0802                     3                           1                       0
0.59                         313.39                  0.4502                   0.4221                   16                         15                       Pregnancy
0.43                           37.43                  0.198                     0.198                     11                         11                       0
3.97                             9.18                   0.0594                   0                             2                           0                       0
0.7                             24.62                  0.4056                   0.2821                   23                         16                       0
2.11                           35.22                  0.1184                   0.1016                     7                           6                       0
0.43                           22.12                  0.1244                   0.0913                   15                         11                       0
0.28                           38.89                  0.4444                   0.4074                   12                         11                       Twin pregnancy 
0.6                           111.14                  0.5679                   0.3932                   13                           9                       Pregnancy
0.23                           22.8                    0.228                     0.19                       12                         10                       0
0.89                           44.52                  0.2005                   0.1102                   20                         11                       0
0.3                             14.03                  0.08                      0.06                       16                         12                       0
0.38                         113.11                  0.4476                   0.2877                   14                           9                       Pregnancy
0.39                           55.97                  0                           0                             0                           0                       0
0.53                           68.66                  0.3399                   0.0755                     9                           2                       0
5.47                           19.08                  0.0709                   0                             1                           0                       0
0.82                           66.92                  0.3541                   0.1517                     7                           3                       0
1.38                           39.15                  0.2192                   0.1644                     8                           6                       0
1.37                           83.66                  0.3509                   0.3509                     9                           9                       0
0.843                       109.27                  0.5453                   0.4772                   16                         14                       Pregnancy
0.483                         86.92                  0.509                     0.3915                   13                         10                       0
3.54                           19.26                  0.0707                   0                             3                           –                       0
3.477                         34                       0.0408                   0                             1                           0                       0

* r = 0.728571.



predictor of  ovarian reserve in controlled hyperstimu-
lation in IVF patients [2]. In the present study, AMH
alone correlated positively with oocyte numbers.

In healthy adult women, serum inhibin B levels are
usually high during the follicular phase of  the men-
strual cycle and low during the luteal phase [8]. Inhibin
B correlates with both LH and FSH, but more strong-
ly with FSH. It increases during the follicular phase,
indicating that the greatest production by follicles
takes place in the early developmental stages [8]. In-
hibin B is strongly associated with the numbers of
oocytes after IVF and with the fertilization rate [2, 3].

The present study provides support for the finding
of  a positive correlation between follicular-fluid inhib-
in B and the response to stimulation, estradiol, and
oocytes collected. A correlation between estradiol val-
ues and oocyte numbers and the pregnancy rate in IVF
patients has been reported in several studies [4, 5, 6].
Even in the small numbers of  patients included in the
present study, a positive correlation was found be-
tween follicular-fluid inhibin B and serum estradiol
levels and oocyte numbers.

Activin A is known to promote follicular develop-
ment, inhibit androgen production, and increase FSH
and insulin secretion, and to be negatively affected by
polycystic ovaries and FSH and positively affected by
weight and androstenedione levels. Activin A levels do
not change with stimulation and do not correlate with
oocyte quality or fertilization [4, 5, 6, 9]. This is in
agreement with the findings for follicular-fluid activin
A in the IVF/ICSI patients in the present study.

A study by Akande et al. [10] reported on inhibin A,
inhibin B, and activin A in follicular fluid in natural cy-
cles in women with tubal damage, unexplained infertil-
ity, and endometriosis. Interestingly, no correlation
was found between the levels of  inhibin A, inhibin B,
activin A, and oocyte quality or fertilizing capacity in
the three groups of  women. The patients included in
the present study differed from those in the study by
Akande et al. [10], as male-factor infertility was the
predominant cause of  IVF/ICSI.

Another study reported on inhibin A, inhibin B,
and activin A in individual follicles after IVF [11].
With increasing follicle size, the concentration of  in-
hibin A in the fluid in single follicles increased, while
that of  inhibin B decreased. The three parameters did
not significantly differ in follicles with different oocyte
qualities. Activin A appeared to be a marker for follic-
ular maturation. In the present study, no correlation
was found between activin A and any other parameter
investigated.

Even in the small patient population studied here, it
was found that the activin A/inhibin B ratio indicated
an ovarian response to hormonal stimulation in
IVF/ICSI patients. A ratio < 1 indicated high respon-
ders, 1–2 indicated normal responders, and > 3 indi-
cated low responders to hormonal stimulation. It will
be important to confirm this finding by further re-
search in larger numbers of  patients.

However, oocyte numbers alone do not necessarily
imply the presence of  mature oocytes with develop-
mental potential. Large numbers of  small follicles
could also produce high values for serum estradiol and
follicular-fluid inhibin B – comparable to the values

produced by smaller numbers of  large follicles. Mea-
surements of  estradiol and inhibin B alone are there-
fore not capable of  indicating the maturation of  folli-
cles and oocytes and therefore their developmental
potential. Fanchin et al. [12] have shown that serum
AMH shows values comparable to those of  follicular-
fluid AMH and that AMH decreases in proportion to
the maturation process of  follicles.

The aim of  the present study was therefore to eval-
uate AMH, inhibin B, and activin A in follicular fluid
from IVF/ICSI patients in order to assess not only the
response to stimulation treatment but also the matura-
tion of  oocytes, in relation to the numbers of
metaphase II oocytes found and pregnancies occur-
ring. It was found that oocyte quality and pregnancy
can best be predicted by using the ratio of  the
metaphase II oocyte numbers to AMH – indicating
that with increasing follicular maturation, AMH pro-
duction decreases, thus these oocytes have the best de-
velopmental potential for pregnancy. Further clinical
studies will be important to validate the present find-
ings. 

CONCLUSIONS

Most studies investigating the significance of  en-
docrine parameters in predicting ovarian reserve in re-
sponse to stimulation for IVF have focused on com-
binations of  various parameters such as serum AMH,
inhibin B, and 17-β-estradiol. These parameters are
usually used to assess oocyte numbers, but criteria for
assessing oocyte maturation have not previously been
available. This study confirms previous findings 
for parameters in the follicular fluid of  patients un-
dergoing IVF/ICSI. It was found that the activin
A/inhibin B ratio has some significance for indicating
ovarian function, but also that the metaphase
II/AMH ratio appears to be predictive for the quality
of  the oocytes.
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