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ABSTRACT: Low ovarian reserve is a serious condition, leading to sterility in up to 10% of women in their mid-
thirties. According to current knowledge, serum anti-MUlerian hormone (AMH) levels for age are the best
available marker for the screening the quantity of a woman’s functional ovarian reserve, better than age alone
or other reproductive markers. This review summarizes recent findings, clinical utility and limitations in the
application of serum AMH testing as an accurate marker for the screening of functional ovarian reserves and
predicting age at menopause. AMH assessment hold promise in helping women make informed decisions about
their future fertility and desired family size. However, screening of the functional ovarian reserve could be offered
to all women at 26 years of age or older who seek to assess future fertility or in case of personal request, ovarian
reserve screening may be considered beyond 30 years; however, it has never been advocated beyond 35 years,
since it is not advisable to delay childbearing beyond this age. In this respect, an age-specific serum AMH levels
lower than the 10th percentile may be used as a threshold for the identification of a low functional ovarian reserve
in an individual woman. Its level should be interpreted with caution in the adolescent and young women aged
below 25 years (since AMH levels peak at this age); recent users of hormonal contraceptives (since AMH levels
transiently decrease until two months after discontinuation); and women with PCOS (which dramatically
increases AMH levels). However, the ability of AMH levels to predict the time to menopause is promising but
requires further investigation and routine AMH testing for the purposes of predicting the time to menopause is
not recommended.
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Societal shifts triggered by a greater focus on education
and career opportunities, developments in assisted
reproduction, rise of effective contraception, value
changes, gender equity, partnership changes, lack of
suitable partners, housing conditions, economic
uncertainty, and the absence of supportive family policies
have resulted in a trend toward delayed childbearing

worldwide [1]. It has been estimated that over 5% of
pregnancies in Western countries have been occurred after
the fourth decade of life, which the rate has been more
than doubled in recent decades [2, 3].

Assessment of functional ovarian reserves hold
promise in helping women make informed decisions
about their future fertility and desired family size, rather
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than simply providing them with generic age-related
fertility recommendations [4-6].

Here, we discuss the clinical utility and limitations of
anti-Mdlerian hormone (AMH) testing as an accurate
marker for the screening of functional ovarian reserves
and predicting age at menopause.

The functional ovarian reserve

The functional ovarian reserve defines the quantity and
quality of the ovarian primordial follicular pool, which
declines with age in women, with a more rapid decline
after the mid-30s until it reaches undetectable levels at
menopause [7]. Although age is known to be the most
important factor affecting the quality of the ovarian
reserve, [8, 9] other intrinsic and extrinsic factors also
play a role (Table 1) [10-21]. Therefore, women of the
same age can vary in their fertility potential.

Table 1. Factor associated with ovarian reserve.

Factors Level of
evidence
Intrinsic factors
Genetic
Individual variation 2a
BRCA carrier, 2b
FMR1 premutation 2c
Fragile X 3a
Turner syndrome 3a
Race and Ethnicity 2c
Age 2a
Family history of POI or early menopause 2a
Extrinsic factors
Unhealthy lifestyle factors
Heavy and current smoking 3b
Frequent binge drinking 3b
Vitamin D deficiency 2b
Body mass index (obesity) 3a
Medications
Immunosuppressive 3b
Chemotherapy drugs 2b
Ovarian Pelvic surgery 2b
Acute or chronic psychosocial stress 3b
Some Systemic or Autoimmune Disorders 3b

BRCA-1, breast cancer gene-1; FMR1, POI, Premature Ovarian
insufficiency; 2a, Systematic reviews (with homogeneity) of cohort
studies; 2b, Individual cohort study or low quality randomized controlled
trials; 2c, "Outcomes" Research; ecological studies; 3a, Systematic
review (with homogeneity) of case-control studies; 3b, Individual case-
control study.

Low ovarian reserve is a serious condition, leading to
sterility in up to 10% of women in their mid-thirties, and
is mostly irreversible [22]. The condition is often
clinically asymptomatic, making it difficult to diagnose
until fertility is diminished, and therefore, ovarian reserve
screening could be offered to all women >26 years old
who seek to assess future fertility [22]. However, since the

woman's fertility start declining in their thirties, it is not
recommended to postpone fertility after those ages,
particularly for women who have never conceived before
which have a lower probability of achieving a pregnancy
in later life. However, in case of personal request, ovarian
reserve screening may be considered beyond 30 years;
however, it has never been advocated beyond 35 years,
since it is not advisable to delay childbearing beyond this
age [22].

Early diagnosis is critical to help women make
informed decisions about their plans for natural
conception, opt for oocyte vitrification, or use donated
sperm if single, while these alternatives still have
reasonable prospects of success [8]. Although no marker
exists that directly measures the ovarian reserve, the size
of the growing follicle pool remaining in the ovary is
precisely detectable by some biomarkers, and this
measure is referred to as the ‘functional ovarian reserve’
[8, 23, 24].

Over the years, numerous parameters have been
proposed to estimate the functional ovarian reserve.
Serum follicle-stimulating hormone (FSH) and antral
follicle count (AFC) have been widely applied in
reproductive medicine for years. Beyond their general
predictive value, both have specific disadvantages. FSH
levels fluctuate during the inter/intra cycle of
menstruation; tend to increase after 35 years of age; are
dependent on the functional hypothalamic-pituitary-
ovarian (HPO) axis; and have low sensitivity when the
number of follicles significantly decreases. AFC has
various sensitivities owing to technical limitations such as
interobserver variability and ultrasound machines, which
are restricted to antral follicles of measurable size; has
different methodologies for counting antral follicles and
intercycle variation in obese women; and may not be
feasible for virgin girls in some cultures, if using the
vaginal approach. Compared to these other parameters,
serum AMH is currently the best proxy for assessing the
‘functional ovarian reserve’, which supports normal
follicle progression and ovulation [9-13].

What is Anti-MUlerian hormone?

Anti-Mdlerian hormone is specifically expressed by
small growing follicles in the ovary and has an inhibitory
effect on primordial follicular recruitment and FSH-
induced preantral follicle growth (Fig. 1) [25]. From birth
onwards, AMH levels increase steadily till 9 years of age,
decline slightly during the pubertal ages, and peak at
around 25 years of age. This is followed by a gradual
decline brought about by the reduction of the primordial
follicle pool with age and until it reaches undetectable
levels at an average of 50-51 years of age, corresponding
to menopause [26]. In addition, AMH has several other
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unique characteristics that, taken together, make it a
reliable marker for the assessment of the functional
ovarian reserve and time to menopause, better than age
alone or other reproductive hormones. The important
characteristics are that it is secreted exclusively by
ovarian follicles at approximately constant levels from
one cycle to another, with a consistent pattern throughout
each menstrual cycle, particularly after the age of 30
years. Therefore, measurements can be taken at any stage
of the menstrual cycle. It also produces a reliable estimate
with a single measurement and is largely independent of
hypothalamic pituitary function. Further, the test is the
least expensive and intrusive of the options available and
also has the least inter-observer variability [26, 27].

AMH
Secretion

Primordial Primary Secondary

Samll-preantral

Large-preantral

Its utility is further extended as a marker of ovarian
responsiveness in assisted reproduction, ovulatory
disorders such as polycystic ovary syndrome (PCOS),
before or after ovarian damage by surgery, chemotherapy,
or radiotherapy, as well as prediction and diagnosis of
early menopause and premature ovarian insufficiency. In
addition, given the specific site of production of AMH, its
measurement has been used as a very precise marker of
tumours originating from granulosa cells in female and
Sertoli cells of the testis in males [28]. Moreover, it may
be a good candidate marker for obtaining information on
testicular function and spermatogenesis in disorders
related to male fertility [29].

Main physiological role of AMH in the ovary

v' inhibition of recruitment of primordial follicles

—>

Samll-antral Large-antral Pre-ovulatory

Figure 1. Schematic model of AMH production and its role in the ovary.

What is the role of AMH in the assessment of low
functional ovarian reserves?

According to current knowledge, age-specific serum
AMH levels, which are measured by Automated and
therefore more accurate AMH assays [30], are the best
available marker for the assessment of the functional
ovarian reserves, better than age alone or other
reproductive markers [8]. However, for clinical
interpretation, the prediction of age at menopause (as the
most important indicator for ovarian aging), that been
presented according to various ages and AMH percentiles,
can be used [31-32]. For instance, an age-specific AMH
level lower than the 10th percentile may be used as a
threshold for the identification of those with low
functional ovarian reserve [22]. For example, a 30-yr-old
woman with an AMH value less than 0.5 ng/ml has
diminished functional reserve and is at risk of early
menopause [31,32]. These specific values should be
confirmed with further comprehensive studies.

e In cases of diminished functional ovarian reserves,
individual risk assessment should be performed
based on repeat confirmatory AMH testing, day 3-5
FSH measurement, and ultrasound findings of AFC.

Final diagnosis should be made after complete
evaluation of all results, in the context of any known
individual risk factors for low ovarian reserves [22].
Women with low ovarian reserves who are
interested in childbearing should be encouraged to
become pregnant spontaneously within the next 6
months. If natural conception does not occur within
that time, assisted reproduction should be
considered. However, since fertility is associate with
numerous factors, the ability of AMH to predict the
chance of pregnancy is less promising, and AMH
should not be used as a fertility test.

e In women with borderline diminished functional
ovarian reserves, annual follow-up ovarian reserve
testing is recommended. In addition, the restriction
of factors that can increase the rate of decline,
including impacts of certain lifestyles such as
alcohol abuse, smoking, malnutrition, obesity, and
stress should be highlighted.

e In women with acceptable AMH levels, it should be
emphasised that advanced maternal age is related to
low quality of oocytes and is therefore strongly
associated with an increased risk of aneuploidy and
other adverse feto-maternal or neonatal outcomes.
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It is important to remember that individual conditions
can affect AMH values, and these should be considered
prior to their clinical application and interpretation. Serum
AMH levels do not peak until approximately 25 years of
age; hence, care must be taken when interpreting AMH
levels in adolescents and young women. In addition,
hormonal contraceptive usage, particularly in long-term
users, could transiently decrease serum concentrations of
AMH by 20-30% but tend to recover after two months of
discontinuation. Therefore, AMH should be measured at
least 2 months after the discontinuation of hormonal
contraceptives. Moreover, due to an increase in the
number of pre-antral and small antral follicles, which
primarily produce AMH, the serum concentration of
AMH tends to be higher in women with PCOS compared
to non-PCOS counterparts. Although this needs to be
precisely defined, [33] the threshold levels for the
prediction of PCOS in the age categories of 20-27, 27—
35, and 35-40 years could be 5.7 (95 % CI: 5.48-6.19),
4.55 (95 % CI: 4.52—-4.64), and 3.72 (95 % CI: 3.55-3.80),
respectively, which all have positive predictive values
(PPV) of more than 90% and negative predictive values
of more than 80% [23-26, 34].

Finally, women must be empowered to make
voluntary and informed choices about whether to get
tested based on objective information about all aspects of
this test. Healthcare professionals may tend to focus on
the implications of poor results, but the information
provided should also include full aspects of both poor or
acceptable test results and subsequent steps of action prior
to the test is ordered.

What is the role of AMH in predicting the age at
menopause?

Age-specific AMH levels may provide a fairly reasonable
prediction of age at menopause (natural or iatrogenic),
particularly for women who are younger than 40 years,
even if they still have regular menstrual cycles and normal

levels of other reproductive hormones [9, 22]. It could
therefore provide increasing clinical value to young
women who are at risk of early menopause due to genetic,
familial, and environmental factors or medical
intervention [25, 33] in cancer survivors both before and
after gonadotoxic treatment [15].

Mathematical modelling has already been used to
predict age at menopause. For example, a 30-year-old
woman with an AMH level close to 1.1 ng/mL (7.85
pmol/L) is known to have a predicted mean age at
menopause of 45 (range, 37-50) years [31]; a serum level
of AMH less than 0.1 ng/mL (0.71 pmol/L) in any
reproductive age was strongly associated with the
imminent onset of menopause [31-39]. Women at risk
should be managed by proper counselling about future
fertility and other early or late menopause-related
problems such as cardiovascular disease, osteoporosis,
and breast and endometrial cancers [40].

However, based on available studies (Table 2) as well
as available meta-analysis [41], the precise predictive
value of serum age-specific AMH levels for time to
menopause, remains controversial, since the majority of
available studies have assessed regularly cycling women
of various ethnicities, age ranges, duration of follow-up,
and AMH assays. Moreover, the trajectory of the decline
also seems to differ among women [42]. More
controversies are observed when ‘extreme ages at
menopause’, including early menopause [41] and
premature ovarian insufficiency (POI), are predicted by
AMH levels, and for such women, the accuracy of this
prediction is more critical. Poor accuracy is mainly due to
low sample sizes of women extreme ages at menopause in
available cohorts, and by adding ongoing cohorts, the
reliability of statistical models for prediction of POI
should be improved [43]. At the current time, the clinical
application of AMH levels for the prediction and
diagnosis of menopause, particularly early menopause or
POI, is promising but needs further investigations.

Table 2. Summary of some important studies used AMH for prediction of menopause.

Author Country Type of study Participants Number of Average Assay kit Findings
characteristics women follow-up
at initiation of reached time
study menopause
throughout
the study
Bertone- USA Nested case— Cases: N =327, - 12 years Pico Each 0.10 ng/mL (0.71
Johnson et control within Age: 40.2 (2.8), AMH pmol/L) decrease in AMH
al. 2018 (46) the prospective BMI: 25.3 (0.3) was associated with a 14%
study (Nurses’ Matched higher risk  of  early
Health Study II) Controls: n = menopause.
327, Age: 40.2
(2.8), BMI:
25.0(0.3)
Aging and Disease * Volume 13, Number 2, April 2022 461
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Broer et al. Netherlands ~ Follow-up study =~ N =257, Age: 48 (18.7%) 11 years DSL and AMH is capable of
2011 (47) at an academic 35.5(5.9), Gen-II predicting future age at
hospital BMI: 24.0 (4.0) ELISA menopause for a given
woman
de Katetal. Netherlands Population-based N =3133, Age: 1882 20 years picoAMH  There is no fixed pattern for
2016 (42) cohort study 40 (10), BMI: (60.1%) decline rate of AMH and the
(Doetinchem 25 (4.0) difference between women
study) with high and low age-
specific AMH levels
decrease as age progresses.
de Katetal. Netherlands Population-based N =2434, Age: 1298 (53%) 11.6 years picoAMH  Knowledge of the AMH
2019 (48) cohort study 36.1(8.1), decline rate does not improve
(Doetinchem BMI: - the prediction of menopause
study) and early menopause.
Depmann et  Netherlands  Population-based N =216,Age: -, 81 (37.5%) 14.8 years DSL and AMH alone predicts age at
al. 2016 (49) cohort study BMI: - Gen-I1 menopause; however, its
(Doetinchem ELISA predictive value decreased
study) with increasing age of the
woman
Délleman et  Netherlands  Population-based N =1163, Age: - 10 years Gen-II AMH has additive predictive
al. 2015 (50) cohort study 40.8 (7), BMI: ELISA value for prediction of age at
(Doetinchem 23.8(3.9) menopause even when taking
study) age, BMI, cycle regularity
and smoking into account.
Finkelstein USA Prospective N=1537, Age: - Until 12 picoAMH  Using an ultrasensitive
et al. 2020 cohort study 47.5(2.6), months of ELISA with a limit of
(51) (Women's Health  BMI: 23.8 (3.9) amenorrhea detection of 1.85 pg/ml, is
Across the occurred clinically useful for
Nation) all predictions of the time to
participants menopause.
Freemanet  USA Population-based N =293, Age *: 146 (50%) 14-year Gen-11 The AMH decline rate of
al. 2012 (52) cohort study 40.93 (40.6 — ELISA change increases the
(Penn Ovarian 41.3), BML: - precisions of the estimation
Aging Study) of time to menopause, when
included with an AMH
baseline level and age, in late
reproductive-age women.
Freeman et USA Population-based N =401, Age *: 198 (49.4%)  14-year Gen-11 Among women with a
al. 2012 (53) cohort study 41.47 (41.13— ELISA baseline AMH level below
(Penn Ovarian 41.82), BMI *: 0.20 ng/mL (1.42 pmol/L),
Aging Study) 29.33 (28.56 — the median time to
30.10) menopause was 5.99 y, in the
45- to 48-yr age group and
9.94 y in the 35- to 39-y age
group.
Gohari et Iran Population-based N =266, Age: 63 (23.7%) 6.5 years DSL Decline rate of AMH is
al. 2016 (54) cohort study 37.55(9.61), specific for each woman and
(Tehran Lipid BMI: 27.7 could predict age at
and Glucose (4.99) menopause.
Study)
Kim et al. USA Population based N =426, Age: 55 (13%) 5 years Pico The majority of women aged
2017 (9) cohort study 43 (39-45), AMH 45-49 with AMH values
(Coronary Artery  BMI: 28 (24— <0.02 ng/dl underwent
Risk 34) menopause within 5 years.
Development in
Young Adults
study)
La Marca Italy Cross-sectional N =375, Age: - - Gen-II There were the good level of
et al. 2013 study 35.3(0.2), ELISA conformity between the
(55) BMI: 23.2 (4.2) distributions of observed and
AMH-predicted ages at
menopause. Using BMI and
smoking status as additional
variables improves AMH
based prediction of age at
menopause.
Nair et al. USA Population based N =716, Age: 207 (29%) 9 years Pico AMH appears identified
2015 (56) cohort study 42, BMI: 27.8 AMH women at risk of menopause
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(Coronary Artery
Risk
Development in
Young Adults
study)

in the near future, within 3
years of AMH measurement.
The risk of menopause was
over 6-fold higher for a 0.5
ng/dL (3.57 pmol/L)
decrement in AMH.

Ramezani Iran Population-based N = 147, Age: 60 (40.8%) 6 years DSL Single AMH measurement is
Tehrani et cohort study 44.8 (2.6), a good predictor for the onset
al. 2009 (57) (Tehran Lipid BMI: 28.9 (4.6) of menopause. Of every 10
and Glucose women who are naturally
Study) fertile, aged 40 to 50 years
with a normal menstrual
cycle at the time of the test,
will not reach menopause
status within the next 6 years
if the AMH level is greater
than 0.39 ng/mL (2.78
pmol/L).
Ramezani Iran Population-based N =959, Age: 529 (55.2%) 14 years Gen-11 Prediction of age at
Tehran et cohort study 36 (7.1), BML: ELISA menopause could be
al. 2020 (58) (Tehran Lipid 27 (4.7) improved by multiple AMH
and Glucose measurements. On average
Study) for the same amount of age-
specific AMH, the predicted
age at menopause for those
with the highest AMH
decline rate (95" percentiles)
was about one decade lower
than those with the lowest
(5th percentiles).
Ramezani Iran Population-based N =266, Age: 63 (23.7%) 6 years DSL Ages at menopause for
Tehran et cohort study 37.6 (9.6), different levels of serum
al. 2011 (59) (Tehran Lipid BMI: 27.7 (5.0) AMH concentration among
and Glucose women aged 20 to 49 years
Study) has been presented.
Ramezani Iran Population-based N =1015, Age: 277 (27.3%) 10 years Gen-II Average age at menopause
Tehran et cohort study 36.7 (7.5), ELISA for individual women aged
al. 2013 (60) (Tehran Lipid BMI: 27.1 (4.7) 20 to 49 years for various
and Glucose amount of AMH is presented.
Study)
van Netherlands ~ Nested cross- N =144, Age: - - DSL There was good conformity
Disseldorp sectional study 37.9(5.5), between the observed
et al. 2008 (European BMI: 24.2 (3.8) distribution of age at
(61) Prospective menopause and that
Investigation predicted from declining
into Cancer and AMH levels
Nutrition study)
van Rooij et  Netherlands  Prospective N=281,Age: -, - 4 years Pico AMH, had the high
al. 2004 (38) cohort study BMI: - AMH predictive accuracy for

occurrence of cycle
irregularity and could
predictor for the occurrence
of menopausal transition
within 3 to 5 years

What techniques can be used to measure the AMH?

Meanwhile, there are not conversion protocol

There were different commercial enzyme-linked
immunosorbent assay (ELISA) kits used to measure
AMH, which is varied in antibody pairs, standard curve
ranges, and limits of detection [44] (Table 3). Assays for
AMH have progressed over the years, which is the major
step forward for clinical epidemiological use. However,
despite the current progress, universally accepted and
standardized materials and method of assay to measure
the serum concentrations of AMH are still lacking.

determine comparability of AMH assays available to
facilitate the interpretation of values obtained in different
studies. Both needs to be defined precisely for any AMH
clinical use. However, a picoAMH assay with a lower
detection threshold from Ansh Laboratories are most
sensitive assay for detection of low levels of AMH [45].

What are the limitations of AMH testing?

AMH has the following limitations:
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The age-dependent decline rate of AMH levels
varies among women. An international guideline
regarding age-specific AMH diagnostic thresholds
for screening functional ovarian reserves or
predicting age at menopause remains to be
addressed.

Some endogenous and exogenous factors could
influence serum AMH levels, which limit the
accurate interpretation of AMH values in a clinical
setting.

The predictive value of AMH for successful
clinical pregnancy (both in natural and assisted

reproduction) is less promising; and therefore,
AMH levels should not be used as a fertility test.
AMH assessment using manual enzyme-linked
immunosorbent assay (ELISA) has some
limitations due to intra-assay/interassay differences
and requires careful sample preparation and
storage. However, automated AMH assay
platforms have greater precision, faster turnaround
time, greater sensitivity, and accessibility in many
countries and should be used as a standard method
for AMH measurement.

Table 3. Commercial assays available for AMH measurement.

AMH assay, year Manufacture Detection limit  Standard description
company curve range
10T, 1999 Immunotech 0.05 ng/mL 0.1-24.5 A monoclonal antibody pair were directed, one
ng/mL directed at the pro region and the other at the
mature region.
DSL, 2003 Diagnostic Systems  0.006 ng/mL 0.05-15 ng/mL  Both monoclonal antibodies were directed at
Lab-oratories the mature region
Gen Il generation, Beckman Coulter 0.16-22.5 0.08 ng/mL The DSL antibodies were used in assay, which
2010 ng/mL was standardized to the IOT assay
Ultrasensitive, 2012  Ansh Labs 0.083-14.2 0.023 ng/mL Monoclonal antibody pair directed against
ng/mL specific linear epitopes in the stable pro region
PicoAMH, 2013 Ansh Labs 0.001-0.746 0.001 ng/mL and mature region of the associated form of
ng/mL human recombinant AMH

In conclusion, considering the precise results, the ease
of a serum-based test, independent of specific time in the
cycle serum, independent of hypothalamic pituitary
function and very low inter-observer variability, AMH is
the preferred ovarian reserve marker. However, lack of
international guideline regarding age-specific AMH
diagnostic thresholds for screening functional ovarian
reserves or predicting age at menopause could limit the
proper interpretation of AMH values in a clinical setting
and remain to be addressed in future researches.

Ultimately, further research is needed to understand
whether releasing/restricting various factors that could
affect ovarian status and also the optimal approaches that
promote ovarian reserve among women.

Acknowledgments

Nord University, Bodg Norway covered the processing
charge to this article.

Conflicts of interest
The authors disclose no potential conflicts of interest.

Contributorship statement

FRT: Conceptualized the study, Project supervision,
Critical discussion, Manuscript drafting; FF: Literature
review, Critical discussion, Manuscript drafting. SBG:
Literature review, Critical discussion, Manuscript
drafting; All authors reviewed and approved the final
manuscript.

References

Mills M, Rindfuss RR, McDonald P, te Velde E,
Reproduction E, Society Task F (2011). Why do people
postpone parenthood? Reasons and social policy
incentives. Hum Reprod Update,17:848-60.

Marozio L, Picardo E, Filippini C, Mainolfi E,
Berchialla P, Cavallo F, et al (2019). Maternal age over
40 years and pregnancy outcome: a hospital-based
survey. J Matern Fetal Neonatal Med, 32:1602-8.
Mathews TJ, Hamilton BE (2014). First births to older
women continue to rise. NCHS Data Brief, 1-8.
Moslehi N, Mirmiran P, Azizi F, Tehrani FR (2019). Do
dietary intakes influence the rate of decline in anti-
Mullerian hormone among eumenorrheic women? A
population-based prospective investigation. Nutr J,
18:83.

Hawkins Bressler L, Bernardi LA, De Chavez PJD,
Baird DD, Carnethon MR, Marsh EE (2016). Alcohol,
cigarette smoking, and ovarian reserve in reproductive-
age African-American women. Am J Obstet Gynecol,

(1]

(2]

(3]
(4]

[5]

Aging and Disease * Volume 13, Number 2, April 2022

464



Tehrani FR., et al.

AMH, ovarian reserves and menopause

6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

215:758.el-.e9.

Dong Y-Z, Zhou F-J, Sun Y-P (2017). Psychological
stress is related to a decrease of serum anti-miillerian
hormone level in infertile women. Reprod Biol
Endocrinol, 11;15:51.

Moolhuijsen LM, Visser JA (2020). Anti-Miillerian
hormone and ovarian reserve: update on assessing
ovarian function. J Clin Endocrinol Metab, 105:3361-
3373.

Moolhuijsen LME, Visser JA (2020). Anti-Miillerian
Hormone and Ovarian Reserve: Update on Assessing
Ovarian Function. J Clin Endocrinol Metab, 105:3361-
73.

Kim C, Slaughter JC, Wang ET, Appiah D, Schreiner P,
Leader B, et al (2017). Anti-Miillerian hormone, follicle
stimulating hormone, antral follicle count, and risk of
menopause within 5 years. Maturitas,102:18-25.

Ruth KS, Soares ALG, Borges MC, Eliassen AH,
Hankinson SE, Jones ME, et al (2019). Genome-wide
association study of anti-Miillerian hormone levels in
pre-menopausal women of late reproductive age and
relationship with genetic determinants of reproductive
lifespan. Hum Mol Genet, 28:1392-401.

Johnson L, Sammel MD, Domchek S, Schanne A,
Prewitt M, Gracia C (2017). Antimiillerian hormone
levels are lower in BRCA2 mutation carriers. Fertil
Steril, 107:1256-65.¢€6.

Bleil ME, Gregorich SE, Adler NE, Sternfeld B, Rosen
MP, Cedars MI (2014). Race/ethnic disparities in
reproductive age: an examination of ovarian reserve
estimates across four race/ethnic groups of healthy,
regularly cycling women. Fertil Steril, 101:199-207.
Amer SA, James C, Al-Hussaini TK, Mohamed AA
(2020). Assessment of Circulating Anti-Miillerian
Hormone in Women Using Hormonal Contraception: A
Systematic Review. ] Womens Health, 29:100-110.
Bressler LH, Bernardi LA, De Chavez PJD, Baird DD,
Carnethon MR, Marsh EE (2016). Alcohol, cigarette
smoking, and ovarian reserve in reproductive-age
African-American women. Am J Obstet Gynecol,
215:758.e1-758.€9.

Dewailly D, Andersen CY, Balen A, Broekmans F,
Dilaver N, Fanchin R, et al (2014). The physiology and
clinical utility of anti-Miillerian hormone in women.
Hum Reprod Update, 20:370-85.

Moslehi N, Shab-Bidar S, Ramezani Tehrani F,
Mirmiran P, Azizi F (2018). Is ovarian reserve
associated with body mass index and obesity in
reproductive aged women? A  meta-analysis.
Menopause, 25:1046-55.

Moridi I, Chen A, Tal O, Tal R (2020). The Association
between Vitamin D and Anti-Miillerian Hormone: A
Systematic Review and Meta-Analysis. Nutrients,
12:1567.

Palomba S, Daolio J, Romeo S, Battaglia FA, Marci R,
La Sala GB (2018). Lifestyle and fertility: the influence
of stress and quality of life on female fertility. Reprod
Biol Endocrinol, 16:113.

Bleil ME, Adler NE, Pasch LA, Sternfeld B, Gregorich
SE, Rosen MP, et al (2012). Depressive

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

symptomatology, psychological stress, and ovarian
reserve: a role for psychological factors in ovarian
aging? Menopause , 19:1176-85.

Butts SF, Seifer DB (2010). Racial and ethnic
differences in reproductive potential across the life
cycle. Fertil Steril, 93:681-90.

Dillon KE, Sammel MD, Prewitt M, Ginsberg JP,
Walker D, Mersereau JE, et al (2013). Pretreatment
antimiillerian hormone levels determine rate of
posttherapy ovarian reserve recovery: acute changes in
ovarian reserve during and after chemotherapy. Fertil
Steril, 99:477-83.

Tremellen K, Savulescu J (2014). Ovarian reserve
screening: a scientific and ethical analysis. Hum Reprod,
29:2606-14.

Findlay JK, Hutt KJ, Hickey M, Anderson RA (2015).
What is the "ovarian reserve"? Fertil Steril, 103:628-30.
Gleicher N, Weghofer A, Barad DH (2011). Defining
ovarian reserve to better understand ovarian aging.
Reprod Biol Endocrinol, 9:23.

Ramezani Tehrani F, Rahmati M, Mahboobifard F,
Firouzi F, Hashemi N, Azizi F (2021) Age-specific cut-
off levels of anti-Miillerian hormone can be used as
diagnostic markers for polycystic ovary syndrome.
Reprod Biol Endocrinol, 19:76.

Bressler LH, Steiner A (2018). Anti-Miillerian hormone
as a predictor of reproductive potential. Curr Opin
Endocrinol Diabetes Obes, 25:385-390.
Lambert-Messerlian G, Plante B, Eklund EE, Raker C,
Moore RG (2016). Levels of antimiillerian hormone in
serum during the normal menstrual cycle. Fertil
Steril, 105:208-13.el.

Karkanaki A, Vosnakis C, Panidis D (2011). The
clinical significance of anti-Miillerian hormone
evaluation in gynecological endocrinology.
Hormones,10:95-103.

Kucera R, Ulcova-Gallova Z, Windrichova J, Losan P,
Topolcan O (2016). Anti-Miillerian hormone in serum
and seminal plasma in comparison with other male
fertility parameters. Syst Biol Reprod Med, 62:223-6.
Finkelstein JS, Lee H, Karlamangla A, Neer RM, Sluss
PM, Burnett-Bowie S-AM, et al (2020). Antimullerian
Hormone and Impending Menopause in Late
Reproductive Age: The Study of Women's Health
Across the Nation. J Clin Endocrinol Metab 105:¢1862-
el871.

Tehrani FR, Solaymani-Dodaran M, Tohidi M, Gohari
MR, Azizi F (2013). Modeling age at menopause using
serum concentration of anti-mullerian hormone. J Clin
Endocrinol Metab, 98:729-35.

Broer S, Eijkemans M, Scheffer G, Van Rooij I, De Vet
A, Themmen A, et al (2011). Anti-Miillerian hormone
predicts menopause: a long-term follow-up study in
normoovulatory women. J Clin Endocrinol Metab,
96:2532-9.

Teede H, Misso M, Tassone EC, Dewailly D, Ng EH,
Azziz R, et al (2019). Anti-Miillerian Hormone in
PCOS: A Review Informing International Guidelines.
Trends Endocrinol Metab, 30:467-78.

Kim JY, Tfayli H, Michaliszyn SF, Lee S, Nasr A,

Aging and Disease * Volume 13, Number 2, April 2022

465



Tehrani FR., et al.

AMH, ovarian reserves and menopause

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Arslanian S (2017). Anti-Miillerian hormone in obese
adolescent girls with polycystic ovary syndrome. J
Adolesc Health, 60:333-9.

Meduri G, Massin N, Guibourdenche J, Bachelot A,
Fiori O, Kuttenn F, et al (2007). Serum anti-Miillerian
hormone expression in women with premature ovarian
failure. Hum Reprod, 22:117-23.

Broer SL, Broekmans FJ, Laven JS, Fauser BC (2014).
Anti-Miillerian hormone: ovarian reserve testing and its
potential clinical implications. Hum Reprod Update,
20:688-701.

Bertone-Johnson ER, Manson JE, Purdue-Smithe AC,
Steiner AZ, Eliassen AH, Hankinson SE, et al (2018).
Anti-Miillerian hormone levels and incidence of early
natural menopause in a prospective study. Hum Reprod,
33:1175-82.

van Rooij IA, Tonkelaar I, Broekmans FJ, Looman CW,
Scheffer GJ, de Jong FH, et al (2004). Anti-miillerian
hormone is a promising predictor for the occurrence of
the menopausal transition. Menopause, 11:601-6.

La Marca A, Sighinolfi G, Radi D, Argento C, Baraldi
E, Artenisio AC, et al (2010). Anti-Miillerian hormone
(AMH) as a predictive marker in assisted reproductive
technology (ART). Hum Reprod Update, 16:113-30.
Nelson LM. Primary ovarian insufficiency. N Engl J
Med, 360:606-14.

Depmann M, Eijkemans MJC, Broer SL, Tehrani FR,
Solaymani-Dodaran M, Azizi F, et al (2018). Does
AMH relate to timing of menopause? Results of an
Individual Patient Data meta- analysis. J Clin
Endocrinol Metab, 18.

de Kat AC, van der Schouw YT, Eijkemans MJ, Herber-
Gast GC, Visser JA, Verschuren WM, et al (2016). Back
to the basics of ovarian aging: a population-based study
on longitudinal anti-Miillerian hormone decline. BMC
Med, 14:151.

Anderson RA, Nelson SM (2020). Anti-Miillerian
Hormone in the Diagnosis and Prediction of Premature
Ovarian Insufficiency. Semin Reprod Med, 38:263-269.
Su HI, Sammel MD, Homer MV, Bui K, Haunschild C,
Stanczyk FZ (2014) Comparability of antimiillerian
hormone levels among commercially available
immunoassays. Fertil Steril 101:1766-72.el.

de Kat AC, Broekmans FJM, van Westing AC, Lentjes
E, Verschuren WMM, van der Schouw YT (2017) A
quantitative comparison of anti-Miillerian hormone
measurement and its shifting boundaries between two
assays. Maturitas, 101:12-16.

Bertone-Johnson ER, Manson JE, Purdue-Smithe AC,
Steiner AZ, Eliassen AH, Hankinson SE, et al (2018).
Anti-Miillerian hormone levels and incidence of early
natural menopause in a prospective study. Hum Reprod,
33:1175-82.

Broer SL, Eijkemans MJ, Scheffer GJ, van Rooij IA, de
Vet A, Themmen AP, et al (2011). Anti-mullerian
hormone predicts menopause: a long-term follow-up
study in normoovulatory women. J Clin Endocrinol
Metab, 96:2532-9.

de Kat AC, van der Schouw YT, Eijkemans MJC, Broer
SL, Verschuren WMM, Broekmans FIM (2019). Can

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Menopause Prediction Be Improved With Multiple
AMH Measurements? Results From the Prospective
Doetinchem Cohort Study. J Clin Endocrinol Metab
104:5024-31.

Depmann M, Eijkemans MJ, Broer SL, Scheffer GJ,
van Rooij IA, Laven JS, et al (2016). Does anti-
Miillerian hormone predict menopause in the general
population? Results of a prospective ongoing cohort
study. Hum Reprod, 31:1579-87.

Dolleman M, Verschuren WM, Eijkemans M]J,
Broekmans FJ, van der Schouw YT (2015). Added
value of anti-Miillerian hormone in prediction of
menopause: results from a large prospective cohort
study. Hum Reprod, 30:1974-81.

Finkelstein JS, Lee H, Karlamangla A, Neer RM, Sluss
PM, Burnett-Bowie SM, et al (2020). Antimullerian
Hormone and Impending Menopause in Late
Reproductive Age: The Study of Women's Health
Across the Nation. J Clin Endocrinol Metab,
105:¢1862-71.

Freeman EW, Sammel MD, Lin H, Boorman DW,
Gracia CR (2012). Contribution of the rate of change of
antimiillerian hormone in estimating time to menopause
for late reproductive-age women. Fertil Steril, 98:1254-
9.e1-2.

Freeman EW, Sammel MD, Lin H, Gracia CR (2012).
Anti-mullerian hormone as a predictor of time to
menopause in late reproductive age women. J Clin
Endocrinol Metab, 97:1673-80.

Gohari MR, Ramezani Tehrani F, Chenouri S,
Solaymani-Dodaran M, Azizi F (2016). Individualized
predictions of time to menopause using multiple
measurements of antimiillerian hormone. Menopause,
23:839-45.

La Marca A, Sighinolfi G, Papaleo E, Cagnacci A,
Volpe A, Faddy MJ (2013). Prediction of age at
menopause from assessment of ovarian reserve may be
improved by using body mass index and smoking status.
PLoS One, 8:¢57005.

Nair S, Slaughter JC, Terry JG, Appiah D, Ebong I,
Wang E, et al (2015). Anti-mullerian hormone (AMH)
is associated with natural menopause in a population-
based sample: The CARDIA Women's Study. Maturitas,
81:493-8.

Tehrani FR, Solaymani-Dodaran M, Azizi F (2009). A
single test of antimullerian hormone in late
reproductive-aged women is a good predictor of
menopause. Menopause, 16:797-802.

Ramezani Tehrani F, Bidhendi Yarandi R, Solaymani-
Dodaran M, Tohidi M, Firouzi F, Azizi F (2020).
Improving Prediction of Age at Menopause Using
Multiple Anti-Miillerian Hormone Measurements: the
Tehran Lipid-Glucose Study. J Clin Endocrinol Metab,
105: dgaa083.

Tehrani FR, Shakeri N, Solaymani-Dodaran M, Azizi F
(2011). Predicting age at menopause from serum
antimiillerian hormone concentration. Menopause,
18:766-70.

Tehrani FR, Solaymani-Dodaran M, Tohidi M, Gohari
MR, Azizi F (2013). Modeling age at menopause using

Aging and Disease * Volume 13, Number 2, April 2022

466



Tehrani FR., et al. AMH, ovarian reserves and menopause

serum concentration of anti-mullerian hormone. J Clin concentration to age at menopause. J Clin Endocrinol
Endocrinol Metab, 98:729-35. Metab, 93:2129-34.
[61]  van Disseldorp J, Faddy MJ, Themmen AP, de Jong FH,
Peeters PH, van der Schouw YT, et al (2008).
Relationship of serum antimiillerian hormone

Aging and Disease * Volume 13, Number 2, April 2022 467



