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Introduction

In women anti-Müllerian hormone (AMH) is produced 
in the ovary by granulosa cells of antral follicles. Then, it is 
released into the follicular fluid and blood vessels. In clin-
ical practice its levels are measured in peripheral blood. 

This hormone plays a significant role in the develop-
ment of reproductive organs in both sexes during the em-
bryonic period. In an adult woman its role probably con-
sists in the regulation of folliculogenesis, predominantly  
in the mechanism of inhibiting primordial follicle recruit-
ment and decreasing the sensitivity of small antral follicles 
to follicle-stimulating hormone (FSH) activity. To date, the 
main clinical application of AMH determination in women 
has been the assessment of ovarian reserve in the diag-
nostics of infertility, premature ovarian failure, and hypogo-
nadotropic hypogonadism [1]. Recently published studies 
highlighted the value of AMH determination in polycys-
tic ovary syndrome (PCOS). Seemingly, AMH may also be 
a very useful predictive marker of the time of menopause.

AMH throughout a woman’s life

A gradual increase in AMH levels is observed in girls 
from the first day of life, with maximum levels observed 
in women at around the age of 25. After puberty AMH 
is produced by granulosa cells of primary, preantral and 
small antral (diameter: 2-4 mm) follicles, in which the 
highest levels of AMH were reported. AMH expression 
is not found in atretic follicles. In an adult woman AMH 
levels gradually decrease until they reach values below 
detectable limits in postmenopausal women [1]. 
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AMH is considered a  stable hormone as regards its 
levels over a menstrual cycle and demonstrates low vari-
ability in subsequent cycles, as it is a marker of non-cyclic 
ovarian activity. According to studies on AMH fluctuations, 
the lowest levels were observed during the very early lu-
teal phase, directly after ovulation. These findings were 
reported with regard to young women. In the case of older 
women, the range of AMH level fluctuation over a men-
strual cycle was very low [1]. 

It is thought that oral contraceptives (OCP) do not 
influence AMH levels. However, some studies revealed 
[2] that OCPs were responsible for the reduction in AMH 
levels, and the discontinuation of contraception might 
result in increasing the levels. Therefore, it is suggested 
that AMH measurement may be unreliable if performed 
when hormonal birth control methods are used. Data 
regarding the influence of tobacco smoking on AMH lev-
els are divergent [3]. Lower AMH levels were observed 
in current smokers compared to never-smokers. The in-
fluence of smoking habits on AMH reduction is larger in 
the case of daily smoking and depends on the number 
of cigarettes smoked. Further studies are necessary for 
a more accurate elucidation of the relationship between 
smoking and the values of ovarian reserve [4].

The assessment of ovarian reserve

In clinical practice, apart from AMH measurement, the 
assessment of ovarian reserve includes the following tests: 
•	 FSH level measurement on the 3rd day of the cycle – 

single FSH measurement is characterized by low reli-
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ability due to its significant intra- and inter-cycle vari-
ability. It is assumed that FSH levels > 10 IU/l indicate 
a reduced ovarian reserve,

•	 the measurement of FSH and estradiol (E2) levels on 
the 3rd day of the cycle,

•	 ultrasonographic determination of the number of an-
tral follicles (AFC) sized 2-10 mm in diameter during 
early follicular phase,

•	 the measurement of ovarian volume.
AMH is considered a  good and reliable parameter 

in the assessment of ovarian reserve, the best of the 
above-mentioned ones [5]. Its reduced levels may in-
dicate reduced ovarian reserve, even if the woman has 
regular menstrual cycles and the levels of FSH and E2 are 
still normal. A good correlation has been found between 
AMH levels and age and also between AMH levels and 
the number of antral follicles. The diversity of results 
depending on the type of laboratory test used and the 
absence of a universal calculation method to facilitate 
the comparison of results obtained via different tests is 
a significant limitation associated with the use of AMH 
as a test for ovarian reserve. The interpretation of the 
result and the cut-off values should be individually de-
termined for each test [6, 7]. It is usually assumed that 
AMH values of 1 ng/ml and lower may translate into 
reduced ovarian reserve. 

AMH as a new marker of the time 
of menopause

The age of 51 is the average time of menopause, 
defined as the last menstrual period in a woman’s life. 
Physiological menopause may occur between 40 and 60 
years of age, but the decrease in the natural fertility of 
women starts 10-13 years prior to menopause. It was es-
timated that during perimenopause the number of ovar-
ian follicles decreases below several thousand and the 
progression towards menopause and onwards is charac-
terized by a very low number of follicles – estimated to 
be below 1000 [1]. It is suggested that the age of meno-
pause is highly heritable [3].

Research is conducted to find factors, including bio-
chemical and hormonal markers, which would facilitate 
the determination of the period of fertility and the time 
of menopause in women. The determination of predic-
tors of the period of fertility in women is gaining impor-
tance because of society ageing and later motherhood. 
Another problem which is tackled is better prophyla-
xis as regards diseases which occur significantly more 
commonly after menopause. These include osteoporo-
sis, cardiovascular disorders and also hormone-related 
neoplasms, e.g. breast cancer and endometrial cancer. 
Parameters which indirectly indicate the time of meno-
pause are the ovarian volume and the number of antral 
follicles, which is correlated with AMH levels. 

As regards hormonal factors, the determination of FSH 
and inhibin B was found valuable, but the predictive value 
was lower than AMH, because its levels decreased earlier 
than in the case of the above-mentioned hormones. 

Several authors reported that AMH determination 
was a valuable predictor of menopause [8]. It is consid-
ered that the level of AMH is very low, or even below 
detectable limits approximately 5 years before meno-
pause [5]. According to some research [9] the time 
of menopause may be predicted via a  mathematical 
model on the basis of a single AMH measurement and 
the age of the patient. The obvious value of this study 
is the age of study group participants (20-49 years), 
which enables the implementation of the model in very 
young women and predicts the time of menopause 
even several decades earlier. The authors observed an 
even reduction in AMH levels in all age groups over  
6 years of observation of the study cohort. Sowers et al. 
[10] also demonstrated that AMH measurement and the 
use of a statistical model precisely predicted the time of 
menopause. However, no young women were included 
in their study. Freeman et al. [11] reported that the levels 
of AMH < 0.2 ng/ml occurred on average 5.99 years pri-
or to menopause in women aged 45-48 years and 9.94 
years in women aged 35-39. As regards AMH values over  
1.5 ng/ml, menopause occurred on average after 6.23 years 
in the older group and after more than 13 years in the 
younger group. A prospective study by Broer et al. [12] in-
cluded over 250 women who underwent tests at baseline 
(age 21-46) and after 11 years. It was demonstrated that 
the time of menopause may be precisely determined on 
the basis of AMH level and the patient’s age. 

A reliable algorithm of the time of menopause may 
be developed if other factors that might influence the 
age at menopause, e.g. cigarette smoking, ethnicity or 
BMI, are included. Currently, it is known that smoking 
accelerates the occurrence of menopause by 3 years on 
average [11, 13, 14]. Moreover, AMH levels decrease at 
a faster rate in women who smoke [15], and 38-50-year-
old women who smoke have lower AMH levels than 
their non-smoking peers [16]. 

AMH as a marker in premature ovarian 
failure 

Premature ovarian failure (POF) may be regarded 
as premature menopause. It is defined as the loss of 
ovarian function (the termination of its reproductive and 
hormonal function due to the depletion of ovarian folli-
cles) before 40 years of age. POF occurs in 1/100 women 
before 40 years of age and in 1/1000 women before 30. 
It is associated with certain chromosomal aberrations, 
fragile X syndrome, galactosemia, and FSH receptor dis-
orders. However, the etiology most commonly remains 
unknown. The markers of ovarian reserve assessment 
are used in the diagnostics of POF. AMH level determi-
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nation is of importance here, as it is markedly lower in 
women with POF than in healthy ones. AMH measure-
ment is highly important in the case of POF suspicion, 
because this parameter is characterized by low suscep-
tibility to hormonal treatment including oral contra-
ceptives and hormone replacement therapy. Moreover, 
transient or permanent character of amenorrhea in POF 
patients also translates into various AMH levels. Skałba 
et al. [17] observed very low or undetectable AMH levels 
in POF patients: 0.65 ± 1.81 pmol/l (0.09 ± 0.25 ng/ml). 
In the case of POF patients with secondary amenorrhea 
lasting over 3 years the serum AMH was very low or be-
low detectable limits: 0.16 ± 0.10 pmol/l (0.02 ± 0.015 ng/
ml). POF patients whose menstruation resumed had 
AMH levels significantly higher, but markedly lower than 
healthy women: 3.06 ± 3.69 pmol/l (0.43 ± 0.52 ng/ml) 
[17]. A study conducted in Holland [18] showed that AMH 
was a  better marker of ovarian function assessment 
than inhibin B or AFC in women with an increased FSH 
level. The values of AMH were below the 5th percentile 
in POF patients. Normal AMH values were found in 75% 
of regularly menstruating women with an increased 
FSH level and the diagnosis of incipient ovarian failure 
(IOF). As regards women with oligomenorrhea and an 
increased FSH (referred to as transitional ovarian failure 
– TOF), normal values of AMH were found only in 33%. 
Based on research, AMH is considered a highly useful 
clinical marker confirming the diagnosis of POF. 

AMH as a marker of iatrogenic ovarian 
failure

The loss of oocytes and the reduction in reproduc-
tive potential, and in some cases menopause, includ-
ing premature, may be associated with exposure to 
chemotherapy, radiotherapy of the pelvic region or an 
operative procedure involving the ovaries. Iatrogenic 
gonad failure may also be observed in girls who have 
undergone chemotherapy due to various neoplasms oc-
curring in childhood. It is recommended to assess ovar-
ian reserve in women who have undergone this type of 
treatment. AMH appears to be a good marker of ovarian 
reserve assessment also in this group of women. AMH 
measurement before and after treatment may help to 
assess an individual risk of premature loss of fertility 
and consider the implementation of methods of fertil-
ity protection. Preparations which are highly ovarotox-
ic include cyclophosphamide, melphalan, dacarbazine, 
busulfan and chlormethine. Moderate ovarotoxicity is 
related to the use of drugs such as cisplatin, carboplatin, 
and doxorubicin. Low risk of fertility disturbances occurs 
in the case of vincristine, methotrexate, bleomycin, mer-
captopurine or vinblastine. The toxic effect on gonads 
depends on the dose and treatment duration. It is worth 
noting that chemotherapeutics used in the treatment of 
breast cancer may be ovarotoxic. It is considered that in 

the case of radiotherapy ovarian dysfunction may occur 
with doses of > 0.06 Gy, while doses of > 8 Gy cause 
irreversible ovarian failure [19]. 

AMH in ovarian tumors 

AMH is secreted in women only by granulosa cells 
of ovarian follicles, so it is a very useful marker of tu-
mors originating from these cells. Elevated AMH levels 
are reported in 76-93% of women with granulosa cell 
tumors (folliculoma). The levels of AMH may be marked-
ly elevated: average levels are 190 ng/ml (ranging from  
2 to 1124 ng/ml). The elevation of AMH levels may pre-
cede a clinically overt tumor even by 16 months. AMH ap-
pears to be a more specific marker for these tumors than 
inhibin and estradiol, and the values of AMH correlate 
with tumor size. AMH is also a very sensitive and specific 
marker which facilitates early diagnosis of a recurrence in 
patients with folliculoma who have undergone ovariecto-
my. It is important in terms of a high risk of relapse even 
10-20 years after the resection of the primary tumor [20].

Conclusions

The determination of the predictors of the time of 
menopause and developing a model which would facil-
itate the precise prediction of the time of menopause 
in a particular woman is still a challenge. The determi-
nation of AMH levels appears to be a good and reliable 
parameter which may accelerate the development of 
such a model. A single AMH measurement is more valu-
able in the assessment of ovarian reserve than mea-
suring estradiol, FSH or inhibin B. Further research is 
necessary, including population studies, which will help 
to specify reference values, standardize AMH measure-
ment and develop a reliable model to calculate the time 
of menopause. However, it seems that AMH measure-
ment will be the most important element in this model. 
Its value arises from the usefulness in women at differ-
ent ages (very young or perimenopausal), and it may 
be an effective marker in the determination of the time 
of menopause even many years before its occurrence.
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