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The role of anti-Miillerian
hormone testing for fertility

prognosis

The use of anti-Miillerian hormone testing to measure ovarian reserve
has advantages and disadvantages; therefore, it is vital to consider the

clinical question being asked.

ABSTRACT: There is a growing demand for
fertility care in British Columbia and an asso-
ciated interest in ovarian reserve testing.
Anti-Mullerian hormone (AMH) testing is a
validated marker and one of the few direct
measurements of ovarian reserve; AMH levels
are stable throughout the menstrual cycle,
and it is a readily accessible biochemical test
in BC. Despite these advantages, providers
must acknowledge that although AMH lev-
els can be used to estimate the quantity of
oocytes remaining, they cannot be used to
estimate their quality. Furthermore, AMH lev-
els are artificially lowered in women who are
taking combined oral contraceptive pills, and
this effect may be seen for up to 2 months
after discontinuation of such pills. Clinical
scenarios in which AMH testing is a helpful
tool include predicting response to controlled
ovarian stimulation, titrating gonadotropin
dosing in controlled ovarian stimulation, and
supporting a diagnosis of polycystic ovary
syndrome in adults. However, AMH testing
should not be used to predict natural fertility,
exclude patients from assisted reproductive
technology, or predict age of menopause. Itis,
therefore, important to carefully consider the
clinical question being asked when ordering
AMH testing.
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n recent years, demand for fertility

care has increased as women choose

to delay childbearing. Between 2000
and 2022, the mean age of the mother at
the time of delivery in British Columbia
increased from 29.3 to 32.4 years.! During
the same time frame, the age-specific fertili-
ty rate for females aged 40 to 44 years nearly
doubled, from 7.0% to 13.7%.? Therefore,
it has become increasingly important to
develop and implement reliable tools to
appropriately counsel women who are seek-
ing fertility care and assisted reproductive
technology.

It is well established that primary con-
tributing factors to age-related infertility
include decreased ovarian reserve and a
rise in chromosomally abnormal embryos
with advancing age.® In controlled ovar-
ian stimulation for assisted reproduction,
subcutaneous injections of gonadotropins
(follicle-stimulating hormone and lutein-
izing hormone) stimulate ovaries to grow
follicles. Controlled ovarian stimulation
followed by oocyte retrieval improves the
probability of pregnancy in women with
infertility. Individual responses to controlled
ovarian stimulation vary, which can impact
oocyte yield at the time of retrieval. How-
ever, tools exist to help predict response to
controlled ovarian stimulation and success-
ful in vitro fertilization outcomes.

I review the role of ovarian reserve
testing, with a focus on anti-Miillerian
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hormone (AMH) testing. My goal is to
provide a practical guide to interpreting
AMH testing results and the implications
for patients seeking fertility care.

Defining ovarian reserve testing
Human oocyte numbers peak around 20
weeks’ gestation, undergo atresia or ovula-
tion, and do not regenerate.* It is estimat-
ed that females have 500000 to 1000000
oocytes at birth, but the number declines
to approximately 400000 at the time of
puberty and 1000 at the time of meno-
pause.>® Ovarian reserve refers to both the
quantity and the quality of the remaining
ovarian primordial follicular pool.

Though it remains difficult to pre-
dict oocyte quality, ovarian reserve tests
were designed to estimate the quantity
of oocytes remaining and thereby predict
which patients will have a poor response,
hyper-response, or adequate response to
controlled ovarian stimulation. A number
of tests have been developed over the years,
including biochemical, biophysical, and his-
tological tests of ovarian reserve.’

The most applicable evidence-based
tests are serum AMH concentration and
ultrasonographic antral follicle count.
I focus on serum AMH concentration,
which peaks around age 25 and declines
at a steady rate until age 40, at which time
the rate of decline becomes steeper until the
age of menopause.® This was demonstrated
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in Kelsey and colleagues’ 2011 validated
model,® which strongly supports the use of
AMH as an ovarian reserve test.

AMH testing origins

AMH was first discovered by French endo-
crinologist Dr Alfred Jost, who was famous
for his research on the physiology of somatic
sex differentiation. In 1947, Dr Jost pub-
lished his finding that AMH was respon-
sible for Miillerian duct regression, which
suppressed the uterine and tubal structures
during male sexual development.’ It was
not until the 1980s, however, that the role
of AMH at the level of the ovary was well
characterized. In 1981, Hutson and col-
leagues published the first evidence of ovar-
ian expression of AMH in chicken gonads.!
This persisted even after Miillerian duct
regression, which suggested other implica-
tions of AMH in reproductive physiology.
In 1999, Durlinger and colleagues pub-
lished evidence that AMH controls pri-
mordial follicle recruitment in mice." This
was the first publication of its kind on the
function of AMH in the ovary.

Several commercial AMH assays have
been developed since then, starting with
two commercial AMH enzyme-linked
immunosorbent assays (ELISAs) manu-
factured by Diagnostic Systems Labora-
tories, Inc. and Immunotec, respectively, in
the early 2000s.'? After Beckman Coulter,
Inc. acquired both companies, AMH Gen
IT ELISA was developed and distributed
in 2010. More recently, the ultrasensitive
human MIS/AMH ELISA kit, the auto-
mated Access AMH assay, and the Elecsys
AMH immunoassay have been introduced.
Despite this progress, according to the
World Health Organization international
standards, no reference reagent has been
established that addresses the heterogeneity
in AMH assay kits.

Advantages of AMH testing

AMH is produced by granulosa cells of ear-
ly follicles once they differentiate from the
primordial to the primary stage at the time
of puberty. The number of early follicles is
related to the size of the primordial follicle

pool; therefore, serum AIMH concentration
is one of the few direct measurements of
ovarian reserve.

Also, serum AMH concentration is
gonadotropin independent, which makes
it cycle-day independent as well.™® Oth-
er common biochemical tests of ovarian
reserve, such as follicle-stimulating hor-
mone, estradiol, and inhibin B, fluctuate
throughout the menstrual cycle, which
makes them more difficult to interpret.

Itis recommended that
the use of combined
oral contraceptive
pills be discontinued a
minimum of 2 months
before measuring serum
AMH concentration
for accurate results.

Finally, serum AMH concentration is
a simple biochemical test that is offered
widely. This is very different from the
other reliable ovarian reserve test—ultra-
sonographic antral follicle count—which
requires a trained provider and access to
an endovaginal ultrasound machine and
probe. This test is offered only by fertility
clinics and select radiology departments and
clinics, which limits accessibility compared

with AMH testing.

Disadvantages of AMH testing
Though serum AMH concentration is one
of the most reliable ovarian reserve tests, it is
not perfect. AMH does not predict oocyte
quality, which is an important component
of ovarian reserve. Additionally, there is
heterogeneity in AMH assay kits, which
makes it difficult to establish a standard on
a national or international basis.

In addition, serum AMH concentration
is currently an uninsured test. The cost is
quoted at $78 on the LifeLabs website.'
If patients are unable to access this test,
informed treatment planning becomes more
challenging for the fertility provider and

perpetuates inequities in care.
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Finally, though one of the strengths of
AMH testing is its consistency through-
out the menstrual cycle, serum AMH
concentrations are lowered in women who
are on combined oral contraceptive pills
and should be interpreted with caution
in this patient population.” The theory is
that the use of combined oral contracep-
tive pills causes prolonged suppression of
follicle-stimulating hormone, which then
prevents pre-antral and small antral follicle
formation. As a result, the cohort of cells
that produce AMH is smaller. It is recom-
mended that the use of combined oral con-
traceptive pills be discontinued a minimum
of 2 months before measuring serum AMH
concentration for accurate results, because
follicle development is believed to take 2
months. 1

Reporting of AMH
concentrations in BC

AMH concentration may be reported in
either ng/mL (Immunotec assay and AMH
Gen II ELISA assay) or pmol/L (Diagnos-
tic Systems Laboratories, Inc. assay). Both
units may be encountered by BC physi-
cians, though LifeLabs British Columbia
reports AMH concentration in pmol/L.
'The conversion factor from pmol/L to ng/
mL is 0.14.

The normal levels for AMH, according
to LifeLLabs British Columbia, are as fol-
lows (oral communication with medical/
scientific staff, LifeLLabs British Columbia,
15 July 2024):

*  Ages 20-24: 8.7-83.6 pmol/L

*  Ages 25-29: 6.4-70.3 pmol/L

*  Ages 30-34: 4.1-58.0 pmol/L

*  Ages 35-39: 1.1-53.5 pmol/L

*  Ages 40-44: 0.2-39.1 pmol/L

+  Ages 45-100: < 19.4 pmol/L

Because these normal levels include a broad
range, results may be difficult to interpret.
However, in general, an AMH concentra-
tion of less than 10 pmol/L is a concern for
decreased ovarian reserve.

AMH testing as a clinical tool
AMH testing is a helpful clinical tool in

the following scenarios:
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* Predicting response to controlled
ovarian stimulation. The main role of
AMH testing is its ability to predict
response to controlled ovarian stimula-
tion. Serum AMH concentration and
number of follicles obtained during
maximal ovarian stimulation have a
positive association.” This is signifi-
cant because the greater the number of
follicles obtained, the greater the likeli-
hood of creating a euploid embryo for
transfer. As a result, this helps when
counseling patients who are consid-
ering egg freezing or embryo freezing
regarding the urgency of moving for-
ward with treatment.

* Titrating gonadotropin dosing in con-
trolled ovarian stimulation. AMH
testing results are helpful when deciding
on gonadotropin dosing in controlled
ovarian stimulation. Dosing is critical,
because a poor response could lead to
cycle cancellation, and a hyper-response
could lead to ovarian hyperstimula-
tion syndrome, which can be life-
threatening. Broer and colleagues
showed that AMH has a good dis-
criminatory capacity to separate normal
and excessive responders to controlled
ovarian stimulation.'® Multiple dosage
algorithms have been proposed based
on AMH results, with or without con-
sideration of other factors, such as age
or body mass index.” These are widely
adopted and implemented by fertility
clinics locally.

* Supporting a diagnosis of polycystic
ovary syndrome in adults. Serum AMH
concentration has been explored as a
diagnostic test for polycystic ovary
syndrome. Iliodromiti and colleagues
showed a specificity and sensitivity of
AMH in diagnosing polycystic ovary
syndrome in symptomatic women of
79.4% and 82.8%, respectively, for a
cutoff AMH value of 33.6 pmol/L.?°
However, serum AMH concentrations
change over a woman’s reproductive life,
which suggests a need for age-specific
thresholds. One study suggested cutoft
levels for the prediction of polycystic
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ovary syndrome as follows: 20 to 27
years: 40.7 pmol/L, 27 to 35 years:
32.5 pmol/L, and 35 to 40 years: 26.4
pmol/L.?! Nonetheless, the absence of
a standardized AMH assay kit makes it
difficult to adopt as a diagnostic test. As
a result, elevated AMH levels are cur-
rently best used to support a diagnosis
of polycystic ovary syndrome in patients
who meet standard diagnostic criteria,
such as the Rotterdam criteria.??

Serum AMH
concentration does not
predict natural fertility, a
common misconception
among patients.

When AMH testing is not a

helpful clinical tool

AMH testing is not a helpful clinical tool

in the following scenarios:

¢ Predicting natural fertility. No studies
have shown that serum AMH con-
centration predicts fecundability (the
probability of conceiving in a given
menstrual cycle), probability of preg-
nancy, or infertility.” The Time to Con-
ceive study published in 2017 showed
that women aged 30 to 44 years who
had no known history of or risk factors
for infertility but had low AMH levels
had similar cumulative pregnancy rates
as women with normal AMH levels.?
As a result, AMH should not be used
to predict natural fertility in patients.

*  Excluding patients from assisted repro-
ductive technology. AMH levels should
not be used to exclude patients from
assisted reproductive technology. No
studies have shown an AMH level
below which no pregnancies occurred
with assisted reproductive technology,
because AMH does not reflect oocyte
quality or chances of conception.?
There is always a possibility of preg-
nancy after controlled ovarian stimula-
tion and in vitro fertilization; age is still
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the primary predictor of success rates
with assisted reproductive technology.

* Predicting age of menopause. Many
studies have shown that the predic-
tive power of AMH for menopause is
poor.? Though a low AMH level at a
young age may be a risk factor for early
menopause, it cannot be used to predict
age of menopause due to the variable
rate of decline in AMH concentration,
as well as the multifactorial nature of
menopausal transition.

Summary

Serum AMH concentration is a useful tool
in the workup of infertility. It informs coun-
seling of patients who are seeking assisted
reproductive technology and helps fertil-
ity providers tailor their approach to con-
trolled ovarian stimulation to optimize
patient safety and outcomes. However,
serum AMH concentration does not predict
natural fertility, a common misconception
among patients. As a result, choosing the
appropriate clinical scenario and patient
counseling are vital when ordering ovar-
ian reserve testing. Finally, there may be
a role for serum AMH concentration in
supporting the diagnosis of select medi-
cal conditions, including polycystic ovary
syndrome and menopause, but research has
not yet supported its role as a diagnostic test
or predictive tool. This is a dynamic area of
research, with academic interest worldwide.
Locally, BC physicians will be challenged
to remain current on ovarian reserve test-
ing recommendations as more patients seek
fertility care in light of the publicly funded
in vitro fertilization program starting in
April 2025. This will be an exciting chap-
ter for BC physicians and patients alike. ll
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