
There has been dramatic growth in the use of
anti-Müllerian hormone (AMH) as a
diagnostic tool in reproductive medicine, due
primarily to its ability accurately and reliably
to measure ovarian reserve and response to
controlled ovarian stimulation (COS).1,2 In
assisted reproductive technologies (ART),
knowing how patients’ ovaries will respond to
the hormone treatment during a ‘cycle’ is an
important part of modern fertility treatment.
Anti-Müllerian hormone is now seen as the
most reliable predictor of response to COS as
it correlates strongly with the number of

Anti-Müllerian hormone: 
its role in determining a
woman’s ovarian reserve 

The trend towards later motherhood and the increasing reliance on 

assisted reproduction has projected a sharp focus on AMH testing. 

Here, Sherry Faye provides an overview of the current situation.

oocytes obtained.1 Clinicians recommend that
a patient’s AMH should be measured to
achieve a baseline level. 

Women with high AMH levels are more
likely to show an excessive response to COS
and run the risk of developing ovarian
hyperstimulation syndrome (OHSS).1,3

Clinicians can alter their treatment strategies
to reduce this potential response and
minimise the risk to the patient. A different
treatment strategy can be offered to women
with low AMH levels, who are likely to show a
poor response. In addition, they can be spared

the emotional and financial burden and
offered appropriate counselling.1

Anti-Müllerian hormone is a marker of
ovarian reserve, which declines with age, and
emerging data suggest a relationship with
remaining reproductive lifespan and age at
menopause.4 It can also be used to diagnose
disorders of the menstrual cycle5 and has the
potential to monitor treatment such as cancer
chemotherapy or radiotherapy, which are
toxic to the ovaries.6

BACKGROUND
Ovarian reserve is the quantity of eggs
available for fertilisation at any point in time
during a woman’s reproductive years. Women
are born with their maximum number of
ovarian follicles but the actual quantity varies
according to different influences on fetal
development. As there is no chance of further
follicles being developed, their total number
and the rate of decline are good predictors of
ovarian reserve and, therefore, a woman’s
potential fertility. 

Generally, a woman with a low AMH level
for her age could expect to go through an
earlier menopause, while someone with a
high level at the same age could expect this to
occur later. As fertility typically drops off
markedly 10–15 years before the menopause,
an AMH level might provide an indication of a
woman’s ‘biological clock’.7,8

Anti-Müllerian hormone is produced by
both sexes and, developmentally, the hormone
is recognised as being instrumental in
regulating sex differentiation in the fetus. In
women, levels increase before puberty and
reach a maximum in their early 20s.9 They
then decline more slowly than in men until
the mid-thirties, declining dramatically
thereafter. At the menopause their levels
become undetectable.10 An assay for AMH is
currently available in microplate-based
enzyme-linked immunosorbent assay (ELISA)

Fig 1. Change in age-specific conception rates in England and Wales, 1990–2009.11

Figures for 2009 are provisional.
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format (AMH Gen II, Beckman Coulter) but
work is well advanced on the development of
a fully automated version for the Access 2
system.

CHANGING PATTERNS OF
REPRODUCTION 
The availability of effective, readily available
contraception has given women more control
over their reproductive lives, making it
possible to delay motherhood until their
thirties and, increasingly, into their forties.
Between 2008 and 2009, conception rates in
England and Wales increased in all age
groups, except for those under 25 years. The
largest increases were in women in the 30–34
and 35–39 age groups (3.5% and 3.4%,
respectively), with one in five babies now born
to mothers aged 35 and over. In comparison,
conception rates only rose by 1.6% in women
aged 40 and over.11 Figure 1 shows the overall
trend in conception from 1990 to 2009.

However, this trend has raised concerns
that more women will face age-related
infertility if they delay motherhood for too
long.12,13 There has been an increase in
women aged over 30 seeking help to
conceive.14 Research by Kelsey et al. already
shows that 34% of variation in a woman’s
AMH levels will be due to age alone.9

Overall, the clinical application of ART has
increased dramatically over the past five
years, with the number of cycles performed
going up annually by 5–10%. Europe leads the
world in ART treatment, initiating
approximately 54% of all reported ART
cycles.15 In 2006, a total of 458,759 treatment
cycles were reported by 32 European
countries. Most took place in France (65,749
treatment cycles), followed by Germany
(54,695), Spain (49,943) and the UK
(43,953).15 The Nordic countries have the
highest ART availability in terms of cycles per
million women aged 15–45. In 2006,
Denmark reported 10,132 cycles per million
women, compared with a European average
of 1127 per million, and 463 treatments per
million in the USA.12,15

GREATER SUCCESS
The potential role for AMH in the refinement
of ART has only recently been accepted. It is
widely understood that successful ART
depends on a range of factors both in the
female and male partners, but, crucially, one
of the most important is a woman’s ability to
produce sufficient viable oocytes to make in
vitro fertilisation (IVF) an option. 

Conventional measures to assess a
women’s potential to produce eggs, such as
measurement of follicle stimulating hormone
(FSH), the inhibins and steroids, reflect
ovulatory activity, and this fluctuates
throughout the menstrual cycle.16 In contrast,
serum AMH levels reflect small, growing
antral follicles which are more closely related
to ovarian reserve, and, importantly, they are
relatively stable across the menstrual cycle,
allowing more flexibility in the timing of

testing.17,18 This has major implications for
clinical workload planning and patient
convenience.

The antral follicle count (AFC) measured
by ultrasound and AMH correlate well, and
both are effective in predicting pregnancy
rates and the number of oocytes collected
following COS. Historically, AFC was always
considered the key marker of ovarian reserve;
however, AMH is a simple blood test and has
consistently been shown to have lower intra-
and inter-individual variability than AFC.19 In
addition, AFC is limited by operator variability,
subjective interpretation, differences in
clinical definitions, and is dependent on
technology.19

Clinicians now recognise that the ‘one size
fits all’ approach to ART is no longer
appropriate. The standard long-course
gonadotrophin-releasing hormone (GnRH)-
agonist down-regulation with exogenous FSH
in variable doses risks an excess response at
one extreme (OHSS) or the burden of
treatment failure followed by more cycles at
the other.20 Anti-Müllerian hormone
assessment might help to identify those
women at risk of OHSS, which occurs in
around 0.6% of cycles.13

There is a move now towards using AMH
to predict a woman’s individual ovarian
response so that clinicians can tailor a
patient’s treatment strategy to COS, based on
that response. This balances the best
likelihood for a successful pregnancy with
maximum clinical safety.21 Age-specific AMH
levels have been found to be a better predictor
of oocyte yield than FSH in women aged
between 34 and 42 years.22 Overall, AMH has
been found to be the most sensitive predictor
of over- and under-response to COS.10

In a 2009 prospective UK study23 involving

538 patients using different COS strategies
based on AMH measurement, AMH was
found to be associated with oocyte yield after
ovarian stimulation. A low AMH (<5 pmol/L)
was associated with a reduced pregnancy rate
(Table 1). Women with a ‘normal’ AMH (<15
pmol/L) treated with a long GnRH-agonist
protocol had either a low incidence of excess
response or a poor response. However, in
women with ‘high’ AMH levels (>15 pmol/L),
the antagonist protocol eliminated the need
for complete cryopreservation of embryos
(due to excess response) altogether and
showed a higher pregnancy rate than agonist
cycles.

REDUCING EMOTIONAL AND
FINANCIAL COSTS
Another UK study demonstrated how using
AMH to predict oocyte yield could reduce the
financial burden of ART. It charted the
progress of 769 women undergoing their first
cycle of IVF, with 346 following conventional
stimulation protocols and 423 treated under
the newer AMH-tailored protocols. When
AMH was involved ahead of treatment,
clinicians could determine whether or not
drugs would be effective before their cost was
incurred, and it also limited complications
caused by over-stimulation. At the same time,
there were more successful pregnancies.25

The incidence of OHSS fell significantly
from 6.9% to 2.3% in the AMH group, with
lack of fertilisation down from 7.8% to 4.5%.
The cost of fertility drug treatment declined
by 29% per patient and overall cost of clinical
management of OHSS reduced by 43% in the
AMH group (Table 2). Pregnancy rates per
cycle increased from 17.9% to 27.7% with
AMH, and live birth rates increased
significantly from 15.9% to 23.9%.

Table 1. Controlled ovarian stimulation (COS) related to AMH category for patients at Centre 1.23

Patient characteristics and COS details relative to anti-Müllerian hormone category.

<5 pmol/L 5–<15 pmol/L ≥≥15 pmol/L

Protocol Agonist +375 iu Agonist + 225 iu Agonist + 150 iu

Patients (% of cohort) 74 (20) 128 (34.6) 148 (40)

Age: median (IQR) 37.3 (34.6–39.3) 35.1 (32.7–37.3) 32.8 (28.8–36.2)

BMI (kg/m2 ) 23.9±7.5 23.8±5.6 24.1±5.6

AMH: median (IQR) 2.6 (1.8–3.7) 9.2 (6.8–11.9) 22.4 (18.3–29.9)

Duration of stimulation: days (range) 14 (13–15) 14 (13–15) 13 (12–14)

Number of oocytes collected (range) 5 (3–7) 10 (7–15) 14 (10–19)

Number of oocytes fertilised (range) 3 (2–4) 6 (3–9) 7 (5–11)

Low oocyte yield (%) 7/55 (12.7) 3 (2.3) 4/144 (2.8)

Freeze all (%) 1 (1.4) 13 (10.1) 27 (18.2)

Hospitalised for OHSS (%) 0 (0) 3 (2) 20 (13.9)

Cancelled cycle (%) 19 (25.7) 3 (2.3) 4 (2.7)

Clinical pregnancy per cycle (%) 6 (8.1) 29/125 (23.2) 47 (31.8)

Clinical pregnancy per OR (%) 6/55 (10.9) 29/112 (25.9) 47/144 (32.6)

Clinical pregnancy per embryo transfer (%) 6/54 (11.1) 128 (34.6) 47/117 (40.1)

BMI: body mass index, OHSS: ovarian hyperstimulation syndrome, OR: oocyte retrieval

This study was performed using the DSL AMH kit which has been replaced by AMH Gen II. The cut-offs in the
original study for normal responders was 5 and 15 pmol/L; the corresponding cut-offs for the Gen II assay which
delineate the normal responders are 6.4 and 20.4 pmol/L.22
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DIAGNOSTIC ROLE IN
MENSTRUATION DISORDERS 
Classically, gonadotrophins and oestradiol
have been used to subclassify menstrual
disorders. However, AMH has the potential to
simplify the approach by using it as a firstline
investigation. Women with amenorrhoea
caused by polycystic ovarian syndrome
(PCOS) unusually have high levels of AMH,
as it is produced by the large number of
antral follicles that are a hallmark of the
disease. In contrast, women with
amenorrhoea due to premature ovarian
insufficiency have a low AMH. Those women
with amenorrhoea related to
hyperprolactinaemia, or other disorders of
the pituitary involving reduced
gonadotrophin production, often have normal
circulating levels of AMH.5

ROLE IN CANCER 
Improvements to cancer diagnosis and
treatment mean that many more children
and women of child-bearing age are surviving
the disease. Their chance of a subsequent
pregnancy may be limited by the toxic effect
of chemotherapy on the ovaries and
reproductive system. At worst, this could
result in premature menopause – hot flushes,
amenorrhoea, infertility (by depleting non-
renewable oocytes) and the risk of
osteoporosis. Predicting the likelihood of
these effects would enable clinicians to

provide women with more tailored
information, indicate those most at need of
oocyte retrieval for later IVF, and consider
adjuvant hormonal therapy.

A recent study has shown that measuring
AMH levels before cancer treatment
commences would provide information on
the woman’s long-term ovarian function after
chemotherapy. It appears that it is also likely
to improve an assessment of the impact 
of chemotherapy on subsequent fertility.10

The study involved 42 women who received
neo-adjuvant chemotherapy for breast
cancer. Ovarian function was first assessed at
the time of diagnosis and then after a five-
year follow-up. In a univariate analysis, AMH,
FSH, AFC, as well as the woman’s age, were
all predictive as pretreatment markers of late
ovarian activity. However, only AMH was
predictive in multivariate logistic regression
analysis. When potential bone density loss
over five years was studied, the greatest loss
was seen in women with lower ovarian
activity. Higher pretreatment AMH was
associated with lower bone mineral density 
at the lumbar spine and hip at five years.10

A low AMH measurement before
treatment correlated well with amenorrhoea,
or absence of menstruation, after treatment.
Women with low levels of AMH before
treatment (<0.4 ng/mL) were 16 times more
likely to have stopped menstruating after
chemotherapy than were women with a high

pretreatment AMH level. The chance of losing
ovarian function remained higher even after
statistical analysis adjusts for the lower AMH
levels expected with increasing age. Women
with AMH values >0.92 ng/mL before
chemotherapy were reported to be almost five
times more likely to continue menstruating
after treatment.

LEADING THE WAY 
Anti-Müllerian hormone has emerged as a key
marker of ovarian reserve in reproductive
medicine.5 With 34% of declining AMH levels
being caused by age alone, women who delay
pregnancy need to understand the risk they
run of developing age-related infertility as
their ovarian reserve declines. An AMH test
may help women to beat the biological clock
by predicting how long they have left to
achieve motherhood, and may also reduce the
need for ART in these patients.5,19

Assessing AMH levels can also help
clinicians decide more accurately on the likely
success of ART and identify those women at
risk of excessive ovarian stimulation.1,26 By
directing fertility treatment towards those
women identified by AMH as most likely to
benefit, the cost of failed treatment and its
emotional burden can be reduced.25

In cancer patients about to undergo
gonadotoxic chemotherapy, AMH levels help
to identify those likely to undergo premature
ovarian failure. This enables women to take
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Letters of Consequence: A History of the
Institute of Biomedical Science was
published to coincide with the Institute’s
centenary, and gives an account of its
development over the past 100 years. 

A thread runs throughout the story that
reflects the importance placed on letters,
whether those that the founders of the
Pathological and Bacteriological Laboratory
Assistants’ Association circulated in 1911 to
garner support for a laboratory assistants’
association, those that have contained the
Institute’s response to issues of the day, or
the post-nominal letters that Institute
members strive so hard to achieve. It is
these that are the Letters of Consequence
of the title.

Copies of the book (either in softback or
hardback) are available from the IBMS, and
it is now available on Kindle. Full details are
available on the IBMS website or from the
IBMS office (tel 020 7713 0214 ext 111/112).

www.ibms.org
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more informed decisions about whether they
wish to have their eggs harvested to help
preserve their post-chemotherapy fertility or
start treatment to prevent early onset
osteoporosis.10

Overall, the special role for AMH in
assessing ovarian potential continues to see
greater acceptance and wider adoption in
routine clinical practice.19 r
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Table 2. Direct cost savings achieved using the AMH-tailored rather than conventional protocol for COH.25

Conventional protocol (n=436) AMH protocol (n=423)

Total Per patient Total Per patient

Ovarian stimulation protocol LDR £281,298 (n=268) £1049 £148,223 (n=166) £893
CO-flare £96,116 (n=78) £1232 £3755 (n=4) £938
Antagonist N/A N/A £175,157 (n=253) £692

Fertility drug costs (total) £377,415 £327,135

Fertility drug (costs/patient cycle) £1090 £773

Cost of treatment for OHSS Conventional protocol (n=20) AMH protocol (n=10)

Severity of OHSS Mild/moderate £5952 (n=8) £2976 (n=4)

Severe £29,368 (n=12) £17,184 (n=6)

OHSS treatment (total) £35,320 £20,160

Total cost (1+2) £412,735 £347,295

Average cost per patient cycle £1192 £821

LDR: Long down-regulation, OHSS: ovarian hyperstimulation syndrome


