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Abstract Anti-Miillerian hormone (AMH) is a protein produced by pre-antral and small
antral ovarian follicles. It is an acknowledged marker of ovarian reserve and
remaining reproductive capacity, commonly used in reproductive medicine.
From the third decade of life, AMH serum levels decrease consecutively up to
menopause. Since the standardization of commercial assays, novel contributions
of that parameter are being observed. Up to date, there is no screening tool for
predicting the age of natural menopause (ANM). The following literature review
evaluates the utility of AMH measurement in predicting ANM. Eleven studies
met the inclusion criteria (original study with at least 9 years follow-up, 150 or
more participants and the usage of ELISA assay for measuring AMH).

The main finding from all of those studies is that there is an undeniable correla-
tion between lower AMH and time to menopause (TTM). Single measurement
of AMH is characterized by up to 0.86 predictive capacity, 86% to 92% accuracy
which may be enhanced with additional parameters. AMH level below critical
threshold strongly correlates with TTM and may become undetectable few years
before menopause. The highest effectiveness was proved in short-term (up to
3 years) prediction. AMH seems to be a better predictor of TTM than FSH or
inhibin B. Additionally, patterns in AMH changes are individual and the evalua-
tion of those dynamics may lead to a higher accuracy in predicting ANM.

AMH has a significant potential to become a useful tool in clinical practice as
a predictor of TTM and ANM, especially with regard to family planning. More
studies are required before proposed models may be implemented.

INTRODUCTION

Anti-Miillerian hormone (AMH) is a signaling
dimeric protein classified in the great superfamily
of transforming growth factors (TGF-f), mem-
bers of which are involved in tissue differentiation
and immunological system response in mammals
(Johnson & Newfeld 2002; Johnston et al. 2016).

.........................

The protein, primarily thought to be produced by
Sertolli’s cells, is considered to be an intracellular
communicator, previously described in 1947 as a
factor responsible for Miillerian duct regression
during male sex differentiation (Jost 1947). Further
studies proved that AMH is also produced in the
ovaries by granulosa cells of pre-antral and antral
follicles (2-8mm in diameter) and its concentra-
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tion corresponds to the number of follicles developing
at the same time (Kevenaar et al. 2006). The knowledge
of molecular functions of anti-Miillerian hormone is
constantly being broadened and the attention of inves-
tigators focuses on its role in the ovarian physiology.
AMH seems to play a crucial role in folliculogenesis,
coordination of the estrogen production by growing
follicles and the regulation of female fertility (Dewailly
et al. 2014). Main conclusions suggest that this protein
is involved in the interactions between growing ovar-
ian follicles: inhibiting the development of too many in
the same cycle and preventing from rapid exhaustion
of the pool of the reproductive potential (Durlinger et
al. 1999).

AMH and ovarian reserve

Other authors suggest that there is a strong correla-
tion between ovarian reserve, defined as the remain-
ing reproductive capacity of a woman and AMH serum
concentrations (Gleicher et al. 2011). Obviously, after
postnatal period, germ cells cannot proliferate and
the depletion of follicles remaining in the ovaries can
be observed over the lifetime. The gonadal ability to
recruit new follicles decreases slowly from the age of 25,
which implicates gradual reduction of granulosa cells
producing estradiol and AMH. It is worth emphasiz-
ing that AMH levels are stable within a single and in
subsequent cycles (Tsepelidis et al. 2007). In the huge
study on 6763 Chinese women from birth to meno-
pause the authors evaluated how the AMH concentra-
tions changed in consecutive time intervals. From birth
to the third decade of life AMH levels increased, and
then decreased consequently, indicating changes of
ovarian maintenance (Cui et al. 2016). The hypothesis
that AMH serum concentration could be a quantita-
tive equivalent of ovarian aging was confirmed in many
clinical trials (Hansen et al. 2011). For this reason AMH
is a well-established predictor used in reproductive
medicine.

According to the current opinion of American Col-
lege of Obstetricians and Gynecologists, the measure-
ment of AMH serum concentration is one of the most
appropriate tools to evaluate ovarian reserve (Committee
on Gynecologic Practice 2015). The concentration cor-
relates with the effectiveness of infertility treatment and
may be useful for individualizing therapy or detecting
patients at risk of ovarian hyperstimulation syndrome
(OHSS) (Broer et al. 2011; Szafarowska et al. 2014).

Nevertheless, AMH concentrations should be inter-
preted carefully, especially if measured under inter-
fering conditions. Oral contraceptives, for example,
significantly reduce the ovarian reserve parameters
defined by AMH (20% decrease), while they come back
to adequate levels after 3-6 months of discontinuation
(Birch Petersen et al. 2015). That particular parameter
may be doubled in patients with polycystic ovaries syn-
drome (PCOS) (Pellatt et al. 2010). The relationship
between smoking or inflammatory diseases and AMH

levels has also been reported (Henes et al. 2015; Plante
et al. 2010). However, there is no correlation between
AMH and body mass index, fasting blood glucose, fast-
ing insulin or lipid profile at any phase (Cui et al. 2016).

It is worth mentioning that the most appropriate
method to measure serum AMH levels, recommended
by scientific committees, is the second generation
enzyme-linked immunosorbent assay (ELISA), which
has been widely available in practice since 2010 (Wal-
lace et al. 2011).

AMH and menopause

The term menopause in common clinical practice
refers to the last menstrual bleeding in womenss life.
According to the World Health Organization, the scien-
tific definition classifies the menopause as the absence
of spontaneous menstrual bleeding for over 12 months,
while other pathological or physiological causes can be
excluded (“Research on the menopause in the 1990s.
Report of a WHO Scientific Group,” 1996).

The anticipation of climacterium has multiple impli-
cations for women’s health and reproductive potential
(Radowicka et al. 2015). The time of menopause varies
greatly in individual cases and spreads physiologically
from 40 to 60 years of age (Skatba 2014). Among Polish
women the average age at natural menopause was
estimated to be 51.25 years (Kaczmarek 2007). Vari-
ous studies were performed to prove the influence
of genetic factors on the age of the menopause. The
mother-daughter or twin-twin comparisons set the
genetic factor as probable in playing the major role in
determining the variation of menopausal age. However,
due to the variety of genes and molecules involved in
that process, it is difficult to draw a clear conclusion
which are the most important (Voorhuis et al. 2010).

Various procedures, such as iatrogenic oopho-
rectomy, aggressive chemotherapy and radiotherapy
during cancer therapy, poor life conditions or other
idiopathic factors may additionally shorten the repro-
ductive period, approximating the time to menopause
(Stangel-Wojcikiewicz et al. 2012; Thomas-Teinturier
et al. 2013; Yasui et al. 2012). The relationship between
menopause and morbidity seems to be bilateral. The
evidence for higher and earlier prevalence of civilization
diseases in patients with an early menopause is unques-
tionable — greater risk of type 2 diabetes, increased risk
of developing heart failure or all types of strokes and
increased risk of osteoporosis in the elderly (Rahman et
al. 2015; Rocca et al. 2012; Svejme et al. 2012).

Up to date there is no screening tool for predict-
ing the age of menopause in the individual patient in
common clinical practice. It can only be speculated
basing on the mother’ or sister’s age at that same time.
In the era of successive exploration of AMH biological
significance and standardization of commercial assays,
intensive efforts in evaluating the role of AMH in novel
contributions are being observed. These trends are
additionally enhanced by dynamically developing field
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of reproductive medicine, where serum AMH concen-
tration has already become a routine in daily practice.

AIM OF THE STUDY

Is it possible that in the near future a single measure-
ment of AMH could provide various information at the
same time?

The following systematic review is an attempt to
briefly summarize and evaluate the most recent lit-
erature data referring to the new contributions for the
AMH measurement. The increasing number of clini-
cal trials provides the evidence of essential correlation
between AMH serum levels and the time remaining to
the natural menopause. Some of these studies aim at
following different prospective or retrospective math-
ematical models with more or less predictive value.

MATERIALS AND METHODS

The authors searched Pubmed database with the differ-
ent combinations of the key words: ‘menopause, AMH,
‘POF’ and ‘ovarian reserve. The established inclusion
criteria for the following review were: an original study
with the mean of 9 years or longer follow-up period,
the study group of at least 150 participants and the use
of ELISA assay for measuring AMH levels. Only eleven
trials met the inclusion criteria. Strengths and limita-
tions of the above are pointed out in Table 1.

LITERATURE REVIEW

Dolleman et al. stated that a single serum AMH con-
centration had a higher predictive value in estimating
age of natural menopause (ANM) in comparison with
mother’s ANM (86% vs. 63%) (Dolleman et al. 2014).
Basing on 150 women’s data the authors designed a
formula using both previously mentioned parameters
and patient’s actual age (at the time of AMH mea-
surement) - it resulted in 92% accuracy in predicting
womens ANM. In view of those findings AMH serum
level seems to increase the accuracy of clinical judge-
ment by up to 47% in comparison with only patient’s
anamnesis. However, the limitation of the study cannot
be neglected: the sample size was relatively small, AMH
was measured with two different assays and the authors
had some problems with gaining information about
mothers’ menopausal age (one of the inclusion criteria).
Therefore, the authors concluded that calculating sev-
eral parameters together gave the highest effectiveness
in predicting ANM (Dolleman et al. 2014).

Tehrani et al. published the outcomes of the cohort
study referring to the model of ANM calculation with
the use of serum AMH concentration. Primarily the
authors included 1015 patients and the follow-up
period reached the average of 10 years. However, only
277 women reached the actual menopause within that
time (Tehrani et al. 2013). Tehrani et al. measured

AMH - new predictor of soon menopause?

serum AMH concentrations after each 3-year interval,
from the beginning of the study to menopause. They
created some models of correlation between AMH
concentrations and particular age and further utilized
them in their calculator reaching the accuracy of 92%
for predicting ANM. Nevertheless, three years later the
same group of authors introduced amendments to their
own model for predicting age at menopause on the
same study group. They obtained even higher efficacy
basing on age-specific AMH percentiles. The average
difference between the actual and predicted age at
menopause was estimated to be only 1.9 years. Despite
the fact that the obtained results are very promising,
it is unknown whether they could be extrapolated to
the European population. In addition, the usefulness
of this method was not evaluated in patients with
irregular cycles or with the history of ovarian surgery
(exclusion criteria for the study) (Ramezani Tehrani et
al. 2016).

Nair et al. published one of the best designed stud-
ies referring to the association between AMH and the
age at natural menopause. They included 716 premeno-
pausal women at a median age of 42 (39-45 years). The
population was diverse with regard to age, race and edu-
cation. Contrary to the previous studies, women with
both regular and irregular menstrual cycles were taken
into account. Their project was a part of another larger
study called CARDIA Women’s Study and the par-
ticipants were recruited from the general population.
Additional sociodemographic factors, obtained from
the questionnaire were analyzed as well. AMH con-
centrations were measured every 3 years. 207 women
(29%) reported natural menopause within 9 years of
follow-up. AMH concentration of 0.5ng/dL was associ-
ated with higher risk of menopause. Hazard ratios for
menopause were calculated to be 8.1 (2.5-26.1) within
0-3 years from AMH measurement, 2.3 (1.7-3.3) and
1.6 (1.3-2.1) for 3-6 and 6-9 years, respectively. The
above association was independent on regular/irregu-
lar cycles. According to the presented results, AMH
appears most useful in identifying women at risk of
menopause in the near future (Nair et al. 2015).

La Marca et al. designed a study on 375 highly
selected eumenorrheic Italian women aged 19-44
years, who served as a control group for the distribution
of AMH values. The authors excluded patients with
menstrual disorders, pregnancy, hormones or drugs
usage (which could interfere with menstrual cycle),
any history of hysterectomy, miomectomy, oopherec-
tomy, or other surgery on the ovaries and women with
chronic diseases. They created AMH-percentile charts
and their logarithmic models significantly correlating
with the age at menopause. The distribution of ages at
menopause was obtained from another study group -
2635 women aged 41-61 (all menopausal). The authors
suggested that the use of additional variables (BMI and
smoking status) could improve the AMH-based pre-
diction of age at menopause. AMH serum concentra-
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tions below estimated critical thresholds, differentiated
according to BMI and smoking status, significantly cor-
related with ANM (p-value <0.001). Generally, meno-
pausal age would be lower in women with low BMI and
in current / past smokers (La Marca et al. 2013).

Contrary to the previous investigations, Dolleman
et al. included all women attending fertility clinics to
measure AMH concentrations and correlate them
with the age at menopause. Basing on 27563 partici-
pants, the authors constructed a model of age-related
AMH change using a robust regression analysis. They
observed that AMH becomes undetectable (concentra-
tion <0.2 ng/mL) approximately five years before meno-
pause and concluded that its concentration seems to
be an excellent marker for predicting ANM. The main
strength of the study was a large sample size. Neverthe-
less, there are also limitations: ANM data were collected
from another study group (participants in Prospect-
European Prospective Investigation into Cancer and
Nutrition; n=2249) and based on self-reporting ques-
tionnaires. Additionally, AMH assays used in the study
are nowadays replaced with the new ones - second
generation AMH assays. They may differ, therefore it
is hard to extrapolate created normograms into current
clinical practice (Dolleman et al. 2013).

Freeman et al. published a study with the longest
follow-up period of 14 years. The authors tried to assess
the correlation between AMH serum concentration and
time remaining to menopause. Numerous inclusion
and exclusion criteria (described in Table 1) allowed the
investigators to create a homogenous study group. They
included only women at late reproductive age — 35 years
or older. AMH serum levels were measured at each visit
every 9 months for 5 years and then once a year. Such
frequent appointments allowed for the precise insight
into AMH changes during comparatively long period
preceding menopause. The authors proved that AMH is
a much better predictor than the other hormones (FSH,
inhibin B). The age of women was also a significant and
independent contributor to AMH predictions. AMH
threshold level of 0.2ng/ml correlated significantly with
ANM - it predicted 9.94 years to menopause in patients
aged 35-39 years and 5.99 years in 45-48 years group.
The authors suggested that considering patient’s age in
addition to AMH concentration could improve the pre-
dictive value. The evaluation of other parameters and
their influence on ANM showed that smoking signifi-
cantly decreased the age at menopause (p=0.002), while
patient’s BMI had no significant impact (Freeman et al.
2012).

The same group of authors tried to improve the preci-
sion of predicting time remaining to menopause (TTM)
by using the rate of AMH changes during the last few
fertile years. The research was carried out on patients
selected from the previously described cohort (293 par-
ticipants). TTM differed by approximately 2 years in
women with similar baseline AMH levels, depending on
the dynamics in AMH changes. Introducing the AMH

rate of change let the authors increase the efficacy of
menopausal age prediction. The study also introduced
a novel finding - the dynamics in AMH serum con-
centration changes seemed to be an independent, sig-
nificant predictor of TTM (p<0.0001) (Freeman et al.
2012).

Broer et al. evaluated the utility of different ovarian
reserve tests (AMH level, antral follicle count (AFC)
and FSH) in predicting ANM. A selected cohort of 257
women aged 21-46 years, was followed-up for 11 years.
Only 48 (19%) of them reported menopause after the
above mentioned period, which makes the study sample
quite small. The additional limitation of the study was
a single measurement of baseline ovarian reserve tests
(AMH, AFC and FSH) only at the beginning of the
investigation. The participants were recruited from
three different studies in which the inclusion and exclu-
sion criteria differed from each other and different
AMH assays were used.

According to their results, baseline AMH serum
levels significantly correlated with TTM.

Age, AMH, and antral follicle count were signifi-
cantly related to time to menopause (p<0.001) and
showed a good percentage of correct predictions. How-
ever, after adjusting for age, only AMH added to this
prediction. According to the obtained results, AMH
may become a useful tool in predicting ANM. Neverthe-
less, the results must be assessed in the view of several
shortcomings occurring in that study (Broer et al. 2011).

The results of the extended follow-up period from
the previous study were recently published by Dep-
mann et al. During additional three years, 33 women
experienced menopause (in total 81 patients during
14-years observation) and 31 suffered from menopausal
transition. Weibull survival model was performed to
predict the end of the fertile period. As it was con-
cluded before, age-specific AMH level seems to be an
independent indicator of time remaining to menopause
(with predictive capacity of 0.86). The investigators also
suggested that different AMH assays used in the study
do not interfere with the correctness of those predic-
tions. However, high accuracy of such proceeding is still
lacking and more studies are required before AMH will
be implemented in that purpose into common clinical
practice. The precision of those assessments addition-
ally decline with increasing patient’s age (Depmann et
al. 2016).

The utility of AMH measurement in predicting time
remaining to menopause was considered by De Kat et al.
Population-based cohort study over randomly recruited
3326 Dutchwomen was aimed to evaluate changes in
that parameter during 20 years observation period.
Blood samples were collected every five years and
then stored in -80°C up to March 2015. The authors
observed that AMH decreased slowly until the age of
40 and then the rate of decline accelerated significantly.
Similar dependency was observed also 10 years before
menopause. Pattern of AMH decline is individual in

Copyright © 2017 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



each case and does not fit all. The general conclusion
is that those trajectories depend on initial age-specific
AMH concentration. According to the investigators,
predicting remaining fertile lifespan using only single
AMH measurement, characterize prominent discrep-
ancies. Although AMH individual curves overlap with
time to menopause more than chronological age, the
authors suggest that multiple AMH evaluations require
further investigation (de Kat et al. 2016). Those results
should be carefully interpreted in the view of a few fac-
tors which may interfere with correctness of those mea-
surements. The influence of long-term blood storage on
AMH concentration in the samples remains unknown.
Additionally, prior thawing and refreezing episodes,
may result in different AMH levels in comparison with
fresh serum (Li et al. 2016).

CONCLUSIONS

The above described researches were designed to
answer one common question — could AMH serum
levels become a useful factor in predicting age at natu-
ral menopause? Although each of the investigating
groups used different models and evaluated differ-
ent additional parameters, the general findings seem
to be comparable. There is an undeniable correlation
between lower AMH and upcoming menopause. Sev-
eral proposals of different, specially designed formulas
and percentile charts based on population’s distribution
of AMH concentrations at various points of reproduc-
tive age are described in the literature. Some of them
also tried to evaluate different confounding factors
which could interfere with the relevance of forecasting
ANM. It seems that irregular cycles, only one ovary or
fertility disorders do not interfere with the accuracy of
prediction, while BMI and smoking status should be
taken into account.

Two new fully automated anti-Miillerian hormone
immunoassays have been available since 2014. Their
effectiveness in clinical practice is comparable (cor-
relation coefficient of 0.99). Both are based on ELISA
method, but in contrast to the previous assays the results
are obtained much faster, which is very important in
clinical practice. These tests are also more efficient in
discrimination between subfertile women and upcom-
ing menopause (van Helden & Weiskirchen 2015).

The described correlation between AMH and ANM
was characterized by the highest effectiveness in short-
term prediction, up to 3 years (Nair ef al. 2015). How-
ever, some authors suggest that created models could
help women to plan more conscious motherhood in the
future. At the moment 14 years was the longest follow-
up period. The participants were usually in their fourth
decade of life, when the baseline fertility was already
decreased. The prediction charts could be useful espe-
cially for women with premature ovarian insufficiency
(POI) - forecasting the age at menopause only few years
before, or even the probability of such a diagnosis in the

AMH - new predictor of soon menopause?

future, might help them in family planning. Although
the qualitative correlations between AMH and the age
at natural menopause are undeniable, the quantitative
evaluations of AMH levels seem to be a remarkable aim
for further studies, especially in more diversified popu-
lations. AMH has significant potential to become a
useful tool in clinical practice for a brand new purpose.
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