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Can anti-Mullerian hormone replace
ultrasonographic evaluation in polycystic ovary
syndrome? A review of current progress
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Several studies over the past decade have now consistently indicated that the serum anti-Mullerian hormone (AMH) levels are at
least 2—3-fold higher in the patients with polycystic ovary syndrome (PCOS), which also corresponds to the increased number of AMH
producing preantral and small antral follicles. Moreover, AMH levels have been found to be associated in direct proportion to the follicle
numbers per ovary or antral follicular count, assessed by the transvaginal ultrasound (TVS). Furthermore, AMH correlates directly with
the rising serum testosterone and luteinizing hormone levels in PCOS. Hence, serum AMH in women with oligo-anovulation and/or
hyperandrogenemia could indicate the presence of underlying PCOS, when reliable TVS is not feasible, or not acceptable, either due
to the virginal status or psycho-social issue. In addition, the imaging quality of abdominal ultrasound is often impaired by obesity, which
typically occurs in PCOS women. Indeed, PCOS occurs most commonly in young females who cannot be subjected to invasive TVS
for various reasons; therefore, a desirable alternative to TVS is urgently required to diagnose the most prevalent endocrine abnormality
of young women. This review will analyze the currently available evidence regarding the role of AMH in the diagnosis of PCOS.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is the most common
cause of anovulatory infertility and the commonest
endocrine abnormalities in women of reproductive
age.l'l As the name suggests it is a syndrome, therefore
no single test would be diagnostic and hence, several
criteria over the time have been laid down for its diagnosis.
Truly, its diagnosis remains a challenge in the reproductive
medicine.
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Currently, three diagnostic criteria exist in the literature
to diagnose PCOS, which essentially appears similar in
principle; although they are not uniform [Table 1]. While
the National Institutes of Health (NIH) 1990 criteria,
included oligo/anovulation and hyperandrogenism,
the Rotterdam 2003 consensus criteria included
polycystic ovarian morphology (PCOM) on transvaginal
ultrasonography (TVS).2 PCOM on TVS was not
essential in 1990 NIH criteria. The presence of clinical or
biochemical hyperandrogenemia (HA) is mandatory in both
NIH and the Androgen Excess/PCOS Society (AE-PCOS)
2006 guidelines.*” In contrast to the NIH and AE-PCOS
criteria, the Rotterdam criteria allowed the diagnosis of
PCOS to be made in women with PCOM and chronic
oligo/anovulation even without the evidence of HA.
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Table 1: Definition of PCOS by different guidelines

Guidelines Origin year Revision year Diagnostic criterion Criteria required
NIH 1990 2012@ Oligo or anovulation All
Signs of Androgen Excess (clinical or biochemical)
Exclusion of other disorders that can result in menstrual irregularity
and hyperandrogenism
Rotterdam 2003 2004 Oligo or anovulation At least two*
Clinical and/or biochemical hyperandrogenism
PCOM*
AE-PCOS 2006 2009 Excess androgen activity All
2014% Oligo-ovulation/anovulation and/or PCOM*

Exclusion of other entities that would cause excess androgen activity

*Before making a diagnosis of PCOS, related disorders, such as late-onset CAH, androgen-producing tumours and Cushing’s syndrome should be excluded; *PCOM defined
as AFC >12 per ovary and or OV >10 mL measured by TVS; @NIH 2012 revision added PCOM defined as AFC >12 and or OV >10 mL measured by TVS. *AE-PCOS task force
revised PCOM definition to AFC >25 and or OV >10 mL measured by TVS. NIH: National Institute of Health; AE-PCOS: Androgen Excess PCOS Society, CAH: Congenital
adrenal hyperplasia, AFC: Antral follicular count, OV: Ovarian volume, TVS: Transvaginal ultrasound, PCOS: Polycystic ovary syndrome, PCOM: Polycystic ovarian morphology

While this created some controversies, 20—40% of PCOS
may not exhibit biochemical HA as seen in some study.!
Exclusion of other causes of AE was common in all three
guidelines. Although, the 1990 NIH guideline did not
include evidence of PCOM by TVS in their diagnostic
criteria, the latest recommendation of NIH 2012 have
now included PCOM." Taken together, it is apparent that
diagnosis of PCOS is still a challenge in the clinical practice,
primarily due to ever changing criteria and definitions
as PCOS women have a heterogeneous spectrum of
presentation.

Consequently, reported the prevalence of PCOS varied
from 2.2% to 26% of premenopausal women because
of lack of uniformity and depending upon the diagnostic
criteria used in the studies. While, its prevalence in women
of fertile age ranged from 6% to 10% using the NIH criteria,
it varied from 14% to 17% using the Rotterdam critetia.[*”)
There are also enough reasons to believe that many women
in the general population are either over-diagnosed or could
be undiagnosed, because of the extensive heterogeneity in
the clinical presentation of PCOS. Furthermore, with the
rising epidemic of obesity, there could be increased the
prevalence of PCOS, as obesity potentially worsens the
endoctrine and metabolic profile of PCOS.!"! These entire
factors underline the importance of identifying PCOS with
a uniform standardized diagnostic tool with the minimal
inter-observer variation.

WHyY AN ALTERNATIVE TO ULTRASOUND
Seems NEcessITY CURRENTLY?

Ultrasonographic (USG) diagnosis of PCOM is an area
which kept changing over the time. Adams e a/ in 1985,
arbitrarily described PCOM as an ovary containing =10
follicles (measuring 2-8 mm in diameter) in one cross-section
of the ovary, examined by trans-abdominal USG and this
threshold became the most widely adopted criteria until
Rotterdam 2004 revised critetia changed this to 212 follicle.!"

Moreover, follicular number per ovary (FNPO) rather than
follicle number per section (FNPS) as suggested earlier by
Adams ¢f al. got importance. This difference of FNPO
versus FINPS was another important distinction that has
also created confusion in clinical practice. Meanwhile, with
the development of highly sensitive ultrasound transducer,
transvaginal approaches have replaced the transabdominal
USG on account of better resolution and a greater likelihood
of detecting the cystic ovaries.

Recent 2004 revised Rotterdam consensus criteria defines
PCOM as FNPO threshold of =12 follicles measuring
2-9 mm in diameter (mean of both ovaries) with or without
ovarian volume (OV) of 210 mL. OV is calculated by
the formula as 1= 1/6 X length X width X thickness or
0.526 X lengths X width X thickness. It is interesting to
note that most commonly used ultrasound definition of
FNPO employed to date in Rotterdam PCOM criteria as
well as in 2009 revised Androgen Excess Society (AES)
guideline, was primarily based on expert agreement and
on the findings of a single study by Jonard ez 4/.

In 2003 Jonard ef al. conducted the first study using receiver
operator characteristics (ROC) curve analyzes for defining
PCOM and suggested that FNPO threshold of =12
follicles (2-9 mm in diameter) by trans-vaginal USG holds
a 75% sensitivity and 99% specificity in distinguishing
PCOS from non-PCOS controls.'? Indeed, several studies
conducted thereafter in women of child-bearing age found
FNPO 212 threshold resulted in a larger prevalence of
PCOM. Some recent studies found a median FNPO
of 11-13 in women with regular menstrual cycles, who
had no evidence of HA. Overall, it appears that 50%
of the controls (aged 20-35 years) have characteristics
of PCOM when the threshold of FNPO 212 is used to
define PCOM.IP1! Additionally, FNPO =12 to diagnose
PCOS leaves little room for non-PCOS-related causes
of normo-gonadotrophic anovulation like functional
hypothalamic amenorrhea.!"’!
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All these emerging data pointed that the current threshold
of 212 follicles to diagnose PCOM, remains no longer
adequate, and this led many to question the entity PCOM
to have no pathological significance; although others
recommended increasing the diagnostic threshold for
FNPO.' Tt appears that this discrepancy primarily
occurred due to the technical advances in imaging with the
identification of more follicles which led to the artificial
increase in the prevalence of PCOM. Dewailly ¢f 4/ in
an ROC curve analysis proposed a higher threshold of
FNPO 219 with 81% sensitivity and 92% specificity for
the diagnosis of PCOS, although control were excluded
in this analysis."¥ Recently, Luzan e/ a/. in an ROC curve
analysis finds, FNPO 226 having the highest sensitivity and
specificity in differentiating PCOS with control.!"”)

Most recently, the 2014 AES-PCOS task force have recently
proposed a cut-off FNPO 225 per the whole ovary to
diagnose PCOM, while using a transducer frequency
of 28 MHz."! This recommendation was based on the
basis of a systematic review comparing normative data on
FNPO from a total of 1127 women of reproductive age
and found FNPO 225 diagnostic of PCOM. It should be
noted, however, that these data were primarily obtained
from Caucasian and Europeans and may not apply to all
populations. Interestingly, Chen ¢ a/. in an ROC curve
analysis confirmed FNPO threshold 212 for diagnosing
PCOM in the Chinese population, while Ké&siis ez al.
proposed an FNPO threshold of 8 follicles per ovary for
Turkish women.??!l While these threshold cut-offs in
Asians appeared to be far below compared to the newly
proposed values of 225 for the Western population, it
is not yet clear whether such a difference appeared due
to ethnic variation or due to the use of lower frequency
transducers in Asian population. Arguably, the proposition
to increase in FNPO threshold currently appears to be due
to the advances in ultrasound technology rather than a true
biological discrimination. However, the future implications
of these changes are still unknown.

It should be worthwhile to note that OV of =10 mL
to diagnose PCOM remains unchanged even with the
advancement in the imaging technique. Nevertheless,
FNPO is still recommended to diagnose PCOS over OV,
because of higher predictive power and lesser vatiability."”

With this background knowledge, it is apparently clear that
obtaining a good data on ovarian morphology demands
time and resource consuming ultrasound examination
apart from the judgmental and inter-observer variability.
It is also obvious that the lack of standardization in
diagnosing PCOM could also lead to differences in
diagnosis. Definition of PCOM may not be applicable to

an adolescent cohort, where it is believed that the ovaries
normally have an enlarged multi-follicular appearance.
Moreover, PCOM changes through the menstrual cycle
and with the concomitant oral contraceptive (OCP) use,
making a reliable and standardized assessment of PCOM
even more difficult.”?

The larger concern in reality is the application of transvaginal
USG based diagnosis of FNPO as recommended in
Rotterdam criteria and AES-PCOS Society guideline.
Indeed, the majority of PCOS population are teenagers
and women of reproductive age for whom trans-vaginal
ultrasound could be unacceptable or unethical, because
of their virginal status, while concomitant obesity may
also yield poor results on transabdominal USG. These
compound hindrance of heterogenic phenotypes,
nonuniform diagnostic criteria, ever-changing PCOM
definition, and unacceptability of trans-vaginal ultrasound
in the target population, clearly demands to find a suitable
alternative, in particular, to replace invasive TVS.

WHy ANTi-MuULLERIAN HORMONE CouLD
BE A POTENTIAL ALTERNATIVE?

Anti-Mullerian hormone (AMH) is produced from small
antral follicles and measuring it as a stable product,
which is not subjective to ongoing technical advances or
operator dependence, would be an attractive option. The
correlation of AMH and antral follicular count (AFC)
is also well known and strong. AMH correlates strongly
with biochemical hyperandrogenism (serum testosterone
and androstenedione), oligomenorrhea and mean OV.
Thus, AMH could be a potential biological marker and its
application could avoid the need for invasive ultrasound
examinations. Consequently, it is tempting and desirable
to find a single diagnostic threshold of AMH to diagnose
PCOS, keeping in mind the limitations of its sensitivity and
specificity. Moreover, as no single value of AMH may be
capable of defining the entire spectrum of PCOS, at least
it appears to be a strong predictor of PCOM.

This review will analyze the recent progress with AMH in
PCOS and PCOM.

Review MEeTHOD

The PubMed/MEDLINE search was conducted to identify
relevant studies, those published in The English language,
since January 2000 to March 2015, which evaluated the
role of AMH in PCOS women compared to normal

control. Search also included the studies which evaluated
the relation of AMH with the AFC and PCOM.
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ANTI-MULLERIAN HORMONE

AMH initially referred to as Mullerian-inhibiting substance
was first described in 1947 by Jost as a gonadal factor
produced by Sertoli cells of male embryo causing regression
of the Mullerian ducts and allowing Wolffian ducts to
develop into the male reproductive tract under the influence
of testosterone.” Testicular production of AMH has been
described as eatly as 8 weeks gestation.* Expression of
AMH in the granulosa cell of the chicken ovary was first
reported by Hutson ¢# a/. in 1981.% In the human fetus,
ovarian AMH production starts around birth.”) AMH
secreted from antral follicle is predominantly secreted into
the intra-follicular compartment, sufficiently large enough
to permit the detection of AMH in the circulation.”

The ovary contains a limited number of primordial follicles
and this pool of primordial follicle is called ovarian reserve.
Primordial follicles leave the pool, enters into the growing
pool and sequentially converted into primary, secondary,
preantral, small antral, and dominant/preovulatory follicle,
although the vast majority intended to undergo atresia.
Only at the onset of puberty, one follicle a month escapes
atresia and proceeds to ovulation.

AMH is secreted mainly by the small-antral follicles (4-8 mm
size), and its level is proportionate to the follicular fluid
level of small preantral and antral follicular pool. Its
level gradually declines with the increase in the size of
the follicles and a sharp decline in the serum/follicular
AMH level takes place once the size of the follicle reaches
8 mm or dominant follicle is selected.” Preovulatory
follicles >10 mm fail to produce AMH. Although the
physiological pattern of rise of AMH prior to the age
of 25 years yielded conflicting results (some suggested
biphasic pattern with peaks and troughs, while other finds
a gradual rise from birth until 15 years of age then decline)
literature appears to agree that the values decline yearly at
a fairly consistent rate after 25 years of age (peak) until
below the detection limit by age 50. In view of the biphasic
effect of age on serum AMH values, some authors have
suggested adapting different thresholds according to the
patients’ age in especially in young adults, in whom AMH
levels are rising.™ Nevertheless, this information also
allows the clinicians to be more cautious in interpreting
AMH value in younger PCOS.

FAcTORs WHIcCH CAN INFLUENCE
ANTI-MULLERIAN HORMONE LEVEL

The most attractive aspects about AMH value, unlike
serum follicle stimulating hormone (FSH), luteinizing
hormone (ILH) and inhibin B testing, is the lack of large

variation in the average values at the given population level.
However, with the recent recognition of the significant
variability in a specific situation, interpretation of its value
warrants some caution. Various factors can alter the AMH
value which should be kept in mind while interpreting its
result [Table 2].

Broadly, there are three recognized sources for this
variability which includes, biological fluctuation within
certain individuals; exposute to medications and surgical
procedure; and laboratory specific (types of the assay).”’+

Studies are contra indicatory regarding intra- and inter-cycle
variability of AMH levels. While van Disseldorp ¢f a/. found
no variation; Hehenkamp e a/. found mild fluctuation
which could be possibly related to the gradual changes
in antral follicles number in each menstrual cycle.’*? In
contrast, Wunder ¢# a/. found substantial fluctuations and
Overbeek e al. reported extensive fluctuation in AMH
during the menstrual cycle.’>* The latter finding argues
measuring AMH levels in the eatly follicular phase only.
Furthermore, some studies found AMH levels remain
fairly constant with exogenous sex steroids used either for
cycle regulation or contraception, other studies including
a recent large (# = 2000) cohort study by Doélleman
et al. found decrease in AMH with current use of OCPs
which reversed after stopping OCP.P>*! These findings
suggest a reversible suppressive subtle effect of OCP on
AMH. Moreover, some studies found exogenous GnRH
agonist administration could also influence AMH levels
significantly while other suggested no changes.”’**!

Besides, several other factors can also influence AMH
concentrations including smoking, bodyweight, ethnicity,
Vitamin D status, polymorphisms of AMH receptor,
and genetic variants across the genome.””*! The clinical
relevance of these findings remains to be elucidated
in future. Ethnicity can show a large variation in the
number of antral-follicles present at the same age. African,
Americans, and Hispanic women have lower serum AMH
values as compared to their Caucasians counterpart.’”!

However, even with these variations, AMH is still the best
available serum marker of quantitative aspects of ovarian
reserve currently, surpassing LH, FSH and inhibin B
measurement.’

ANTI-MULLERIAN HORMONE AssAY

Two type of assay are currently available, one Diagnostic
Systems Laboratories (DSL assay) from Diagnostic Systems
Laboratories Inc., Webster, Texas, USA and another
Immunotech (IOT assay) from Immunotech-Beckman
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Table 2: Factors influencing AMH level

Hardly influence AMH

Decrease serum AMH

Increase serum AMH

Menstrual cycle - day or duration Menopause

Intra-individual variations Obesity*

Pregnancy* Contraceptives hormones
Puerperium Pregnancy*

Obesity* Primary ovarian insufficiency
Gonadotrophin releasing hormone agonists* Premature ovarian failure
Smoking Smoking*

Alcohol consumption High TSH

Stress Low Vitamin D3 level
Ovulation

Hypogonadoropic hypogonadism
Hyperprolactinemia
FSH administration

High FSH level

Ovarian radiation
Ovarian surgery
Metformin therapy

Ovarian chemotherapy

Polycystic ovarian disease

Increased antral follicle count

Increased LH level

Hyperandrogenemia

Ovarian hyperstimulation syndrome

Insulin resistance

Late onset congenital adrenal hyperplasia
Granulosa cell tumor of ovary
Gonadotrophin releasing hormone agonists*

Autoimmune disease - lupus, Crohn’s disease

Gonadotrophin releasing hormone agonists*

*Studies shown contra-indicatory findings. AMH: Anti-Mullerian hormone, FSH: Follicle stimulating hormone, TSH: Thyroid stimulating hormone, LH: Luteinising hormone

Coulter, Marseille, France. Both are convenient
microplate-based two-site ELISA using peroxidase labels.
Serum AMH values were standardized to give AMH
measurements in nanograms per milliliter using the
following conversion formula: 1 ng/mlL = 7.143 pmol/L.
A high correlation between values obtained with the two
assays is observed, although absolute values in the DSL
assay are approximately half of those for the same samples
with the IOT assay.*!

There is probably no great significance in this difference,
which arises because the two assays use different preparations
of recombinant human AMH. Use of conversion factors
from one assay to the other is also available; however,
its accuracy is still controversial. With the availability of
newer AMH Gen 11 assay by Beckman Coulter Inc., Brea,
CA (USA), which is a combination of DSL and IOT assay,
there is finally a single commercially available assay. AMH
Gen II assay retains the cross-species specificity of the DSL
assay and is calibrated to the IOT standards. Therefore, the
values generated by AMH Gen 11 are similar to the original
1OT assay and 40% higher than the previous DSL version
as suggested by Wallace e /! In other words, AMH Gen
II value is 1.4 times higher than DSL assay value.

However, currently, there is no international reference
standard for AMH. Li ez a/. find a good correlation between
the new (AMH Gen II) and old AMH assay kits by [OT and
DSL (# = 0.971 and 0.930, respectively). The regression
equations to convert AMH value by AMH Gen II from IOT
and DSLassayare AMH Gen1I=1.353 X AMH (IOT) +0.051
and AMH (Gen II) = 1.223 X AMH (DSL) —1.270,
respectively.l*t However, Rustamov ez a/. did not find good
correlation and warns against using conversion formula.*’
It should be noted that false-low AMH value (hook effect)

can also happen at extremely high analyte concentrations,

and false-high results may also happen due to heterophilic
antibody interferences, if not blocked by the assay’s
blocking regents.

From the Indian perspective, although AMH Gen II assay
is now available in few standard laboratories, ELISA by
IOT or DSL is widely available throughout the country.
AMH Gen II assay by Beckman Coulter suggest reference
ranges of 1-7 ng/mL while it is 2.0-6.8 ng/mL by IOT
ELISA assay.

Currently, the major issue for the clinician trying to apply
serum AMH values in clinical practice is primarily its
estimation. Hach laboratory provides their own value ranges
depending upon the methodologies used, which could be
significantly different and noninterchangeable. Universally
accepted methods and assays to measure AMH is clearly
the need of the hour.

RaTiONAL FOR THE UsE OF ANTI=-MULLERIAN
HormoNE IN THE DiaAGNOSIS OF PoLycysTic
OvaARry Disease AND PoLycystic OVARIAN
MoRPHOLOGY

Serum AMH value is expected to be increased in PCOS
women because their ovaries exhibit an increased number
of AMH-producing preantral and small antral follicles
and also because granulosa cell production of AMH is
greatly increased. Moreover, AMH significantly correlates
with the other criteria of PCOS including oligomenorrhea
and HA.** Furthermore; Serum AMH is significantly
related to the serum LLH and to the ratio of LH/FSH.
AMH concentrations were independently predicted with
LH, testosterone, and AFC.I"” Indeed, increased LH
levels could be the most significant independent link to
AMH rise in PCOS.PY It was proposed that there could
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be an earlier LH receptor gain in anovulatory patients
with PCOS. Premature LH action on the granulosa cell
could additionally contribute to the follicular arrest and
the observed increase in AMH produced from granulosa
cell.” Some study also found a significant increase of
serum AMH in women with PCOS having higher insulin
resistance.P’

Anti-Mullerian hormone level in polycystic ovary
syndrome

Fallat ezal. in 1997 conducted a prospective study of infertile
women (7 = 66) and found significantly higher mean AMH
level in both follicular fluid (7.01 vs. 1.65 ng/mL) as well
as serum (2.97 vs. 0.92 ng/mlL) of infertile patients with
PCOS (7 = 17) compared to infertile women with tubal
factor.P”)

Since then, several observational (both prospective
and retrospective) comparative studies have been
conducted in past decade which finds significantly
higher AMH level in PCOS cohort, compared to
control [Table 3, Figures 1 and 2].['%30:5234363878 Cook
et al., found significantly higher mean serum AMH
level (5.3 vs. 1.4 ng/mlL, P < 0.0001) in women with

PCOS (7 = 27) diagnosed by NIH criteria, compared to
normal women (# = 20). In addition, AMH level were not
statistically different in the patients with PCOS according
to body mass index (BMI) (=30 kg/m? vs. <30 kg/m?).*!
It is worthwhile to note that relation of AMH with BMI
have conflicting results. While Freeman ¢# a/. reported
AMH level 65% lower in obese women compared to
normal-weight women, which was further supported by
another study by Piouka e¢# al; however, Siow e al. and
Cook et al. reported no significant association between
AMH levels with BMIF58627 Interestingly, Dolfing ¢7 al.
found significantly higher AMH level (11.1 + 3.0 ng/mL
vs. 3.3 £ 1.8 ng/mL, P < 0.01) in lean PCOS (» = 20)
over lean control, although no differences in metabolic
parameters and insulin resistance existed between lean
PCOS versus controls.®

Pigny et al. also found significantly higher AMH
value (6.59 vs. 2.91 ng/mL, P < 0.0001) in PCOS
women (7 = 59) diagnosed by Rotterdam criteria,
compared to controls (7 = 45). Moreover, AMH positively
correlated to the serum testosterone (P < 0.0005) and
androstenedione (P < 0.002) levels in PCOS.P” Laven
et al. in a larger cohort of PCOS (7 = 128) women also

Table 3: AMH value in PCOS versus control

Author Year n PCOS Study type AMH Mean/median AMH (ng/mL), P
criteria assay PCOS versus control
Cook et al. 2002 27 NIH Prospective DSL 5.3 versus 1.4 <0.0001
Pigny et al. 2003 59 Rotterdam Prospective 10T 6.59 versus 2.91 <0.0001
La Marca et al. 2004 14 Rotterdam Prospective 10T 5.0 versus 1.3 <0.05
Mulders et al. 2004 98 Rotterdam Longitudinal 10T 7.5 versus 2.1 <0.0001
Laven et al. 2004 128 Rotterdam Prospective 10T 7.6 versus 2.1 <0.001
Siow et al. 2005 31 Rotterdam Prospective DSL 4.1 versus 2.4 <0.002
Piltonen et al. 2005 65 Rotterdam Prospective 10T 8.09 versus 2.33 <0.001
La Marca et al. 2006 16 Rotterdam Prospective 10T 7.4 versus 3.5 <0.05
Pigny et al. 2006 73 Rotterdam Prospective 10T 11.42 versus 4.7 <0.001
Wachs et al. 2007 16 NIH Prospective DSL 7.22 versus 2.13 <0.001
Nardo et al. 2009 49 Rotterdam Prospective 10T 6.10 versus 1.98 <0.001
Dewailly et al. 2010 270 Rotterdam Retrospective 10T 8.17 versus 2.88 <0.0001
Hart et al. 2010 64 Rotterdam Prospective 0T 4.34 versus 3.22 0.002
36 NIH 4.20 versus 3.36 0.048
Park et al. 2010 153 Rotterdam Prospective DSL 5.28 versus 3.05 <0.001
LiLetal 2010 47 Rotterdam Retrospective DSL 9.85 versus 7.13 0.002
Skalba et al. 2011 87 Rotterdam Retrospective 10T 10.2 versus 2.4 <0.001
Li HWR et al. 201 33 Rotterdam Retrospective 10T 9.20 versus 2.88 <0.001
Dewailly et al. 201 62 Rotterdam Prospective 10T 11.37 versus 2.94 <0.0001
Lin et al. 2011 126 Rotterdam Prospective DSL 11.0 versus 4.0 <0.001
Eilertsen et al. 2012 56 Rotterdam Case control DSL 6.27 versus 2.75 <0.001
44 AES 5.98 versus 3.01 <0.001
Chao et al. 2012 45 Rotterdam Case control DSL 3-fold higher versus control <0.05
Woo et al. 2012 87 Rotterdam Cross-sectional prospective [o)) 11.58 versus 5.38 <0.001
Homburg et al. 2013 90 Rotterdam Cross-sectional prospective DSL 10.86 versus 3.30 <0.001
Casadei et al. 2013 22 NIH Prospective 0T 9.70 versus 2.56 <0.001
Sahmay et al. 2013 419 Rotterdam Retrospective DSL 7.34 versus 2.24 <0.001
Tian et al. 2014 437 Rotterdam Cross-sectional prospective DSL 7.4 versus 3.5 <0.05
lliodromiti et al. 2013 683 Rotterdam Meta-analysis (10 studies) 10T 8.71 versus 2.36 Not reported

AMH: Anti-Mullerian hormone, PCOS: Polycystic ovary syndrome, I0T: Immunotech, AES: Androgen Excess Society, DSL: Diagnostic Systems Laboratories,

ROC: Receiver operator characteristics, NIH: National Institutes of Health
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replicated the same findings and suggested significantly
higher AMH value (7.6 vs. 2.1 ng/mL, P < 0.001)
compared to control (7 = 41). While a significant negative
correlation between age and AMH levels were observed
in both control (P < 0.002) and PCOS (P < 0.001)
women, the decrease in AMH levels with increasing
age was significantly (P < 0.001) higher in controls,
compared to PCOS women.P! Dewailly e a/. concluded
that both excessive follicle number (FN) assessed by
TVS and/or serum AMH may be used as surrogates for
HA, as serum AMH were significantly higher (8.17 vs.
2.88 ng/ml, P < 0.001) in PCOS women (z = 270),
compared to non-PCOS infertile control (» = 217). In
addition, AMH correlated well with the clinical and
biochemical HA.) Homburg ¢f al. measured AMH in
women with PCOS (z = 90), PCOM (» = 35), and with
normal ovaries (controls, 7 = 90). Mean serum AMH were
significantly higher in PCOS and PCOM patient compared
to control (PCOS vs. PCOM vs. control; 10.86 vs. 7.31 vs.
3.3 ng/ml, s respectively, P < 0.001). Moreover, the
combination of AMH >6.72 ng/mL and LH >6 1U/1
could diagnose 82.6% of women with PCOS.I"!

Two recent and largest studies conducted so far, compared
AMH level in PCOS women to controls, found the same
result. Sahmay e¢7 a/. evaluated PCOS women (z = 419)
and finds significantly higher serum AMH value (7.34 vs.
2.24 ng/ml.,, P <0.001) to non-PCOS control (z=151).1""
Tian ¢t al. compared AMH level in PCOS women (7= 437) to
normal women (1 = 150) in China and finds significantly (2—
3-fold) higher AMH in PCOS women (7.4 vs. 3.5 ng/
mL, P < 0.05).° Only meta-analysis currently available
in literature by Iliodromiti ¢ a/. derived from 10 studies,
finds similarly higher AMH level in PCOS women (8.71 vs.
2.36 ng/mL) compared to control [Figure 3]."

To summarize, although all these studies clearly pointed
to a significant 2-3-fold higher AMH value in PCOS
women compared to control, no uniform single value
of AMH could be derived across the studies. This could
perhaps have happened due to the sample size, different
criteria used to define PCOS and assay of measuring AMH
used. However, when these studies were divided on the
basis of AMH assay used, a mean value of 7.46 versus
3.19 ng/mlL and 8.31 versus 2.84 ng/ml were observed
in PCOS versus control, while using DSL and IOT assay,
respectively [Figures 4 and 5].

Cut-off value of anti-Mullerian hormone to diagnose
polycystic ovary syndrome

Statistically, an ideal screening test should have zero or
near-zero false positives. The relationship between false
positivity rate and specificity can be established by an
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Figure 2: Anti-Mullerian hormone value (ng/mL) in polycystic ovary
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Figure 3: Meta-analysis of 10 studies

equation. False-positive rate = 100 — specificity. Hence, it
can be concluded that a test cut-off with a high specificity
approaching 100% would achieve the objective of zero
false positives. Nevertheless, choosing a high specificity
could compromise the sensitivity and therefore, looking
at a test cut-off with a near 100% specificity may not be
enough. On the other hand, the screening test should be
equally balanced with an acceptable level of sensitivity,
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Figure 4: Anti-Mullerian hormone value (ng/mL) in polycystic ovary syndrome versus control using Diagnostic Systems Laboratories assay
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Figure 5: Anti-Mullerian hormone value (ng/mL) in polycystic ovary syndrome versus control using Immunotech assay

in order to have a minimally acceptable number of false
negatives.

Although several threshold cut-off values of AMH
have been proposed, they exhibit varying sensitivity and
specificity [Table 4 and Figure 6]. Pigny 7 a/. in an ROC
curve analysis, found AMH cut-off value of 8.4 ng/ml with
67% sensitivity and 92% specificity, for PCOS diagnosis
using IOT assay.*" Dewailly ¢ a/, using ROC curve analysis
concluded that a serum AMH level of cut-off 4.9 ng/mlL
could replace the finding of PCOM in the definition of
PCOS with 92% sensitivity and 97% specificity."¥ Sahmay
et al. using ROC curve analysis found a threshold AMH
cut-off value of 3.94 mg/mL to diagnose PCOS, with
80% sensitivity and 90% specificity by DSL assay.” A
meta-analysis by Iliodromiti ez a/. using ROC analysis found

@

a threshold AMH of 4.7 ng/mL to have 83% sensitivity
and 79% specificity.

Correlation of anti-Mullerian hormone with antral
follicular count

There exist a good correlation between AMH and antral
follicle count. van Rooij ¢f a/. in a study of 119 patients
found serum AMH levels highly correlating (r = 0.77;
P < 0.01) with the number of antral follicles.*®! Fanchin
et al. also found AMH levels (#z = 75) more robustly
correlated with the number of early antral follicles
compared to inhibin B, E2, FSH, and LH."* Pigny e/ 4/.
found AMH level positively related to the follicles of
2-5 mm size (P < 0.03) but not in the 6-9 mm size.
Laven ¢ al. in a study of PCOS women (z = 128), also
found AMH levels to significantly correlate with the mean
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Table 4: Studies finding cut-off value of AMH to diagnose PCOS through ROC analysis

Author Year n PCOS criteria Study type AMH assay AMH cut-off value (ng/mL) Sensitivity Specificity
Pigny et al. 2006 73 Rotterdam Prospective 10T 8.4 67.0 92.0
Hart et al. 2010 64 Rotterdam Prospective 10T 4.2 53.1 69.8
36 NIH
Lietal. 2010 47 Rotterdam Retrospective DSL 8.0 61.7 70.0
Lietal. 2011 33 Rotterdam Retrospective 10T 5.88 79.0 96.0
Dewailly etal. 2011 62 Rotterdam Prospective 10T 4.90 92.0 97.0
Lin et al. 2011 126 Rotterdam Prospective DSL 7.3 76.0 70.0
Eilertsenetal. 2012 56 Rotterdam Case-control DSL 2.80 94.6 971
44 AES
Chao et al. 2012 45 Rotterdam Case-control DSL 3.50 74.0 79.0
Woo et al. 2012 87 Rotterdam Cross-sectional prospective 0T 7.82 75.9 86.8
Homburgetal. 2013 90 Rotterdam Cross-sectional prospective DSL 6.72 60.0 98.2
Casadei et al. 2013 22 NIH Prospective 10T 4.62 95.0 95.0
Sahmay etal. 2013 419 Rotterdam Retrospective DSL 3.94 80.0 89.8
lliodromiti et al. 2013 683 Rotterdam Meta-analysis (10 studies) 10T 4.7 82.8 79.4

AMH: Anti-Mullerian hormone, PCOS: Polycystic ovary syndrome, IOT: Immunotech, AES: Androgen Excess Society, DSL: Diagnostic Systems Laboratories,

ROC: Receiver operator characteristics, NIH: National Institutes of Health
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Figure 6: Anti-Mullerian hormone cut-off value (ng/mL) for polycystic ovary
syndrome in receiver operator characteristics curve analysis

FN (r = 0.308; P < 0.001) and the mean OV (» = 0.421;
P < 0.001). Interestingly, when PCOS women were
categorized into those with and without PCOM (FNPO/
AFC 212 follicles of size 2-9 mm and/or OV > 10 mL),
AMH levels were significantly higher in PCOS with PCOM
compared to PCOS without PCOM (9.3 vs. 6.4 ng/ml,
P < 0.001).5" Piltonen ez al. found serum AMH levels
correlated positively with the follicle count (P < 0.012)
and negatively with the age (P < 0.014) in PCOS (# = 65)
women. Additionally, AMH was positively correlated with
testosterone level (P < 0.011).P Dewailly e/ 4/. concluded
that a serum AMH level of >4.9 ng/mlL could be able
to replace the finding of PCOM.I" Eilertsen ¢ a/. using
the DSL assay suggested a cut-off value of 2.8 ng/mL
for PCOM, with 80% sensitivity and 72% specificity."?
Homburg ¢ al. by pooling the results from DSL to Gen 11
assay using a conversion factor of 1.4, found that a serum
AMH threshold of 6.72 ng/mL had an excellent (98%)
specificity while using FNPO 212 threshold for PCOM
diagnosis. However, this excellent (98%) specificity
appeated at the expense of a poor (60%) sensitivity.”
Casadei ¢z al. using ROC analysis yielded a threshold cut-off

of AMH >4.64 ng/mlL for PCOM diagnosis, with 95%
sensitivity and 95% specificity using IOT assay."!

The only contradictory study of AMH cut-off value to
diagnose PCOM emerged in a study by Hart ¢z /., where
an ROC threshold to predict PCOM of 4.2 ng/ml. could
miss 45% of PCOM and 48% of PCOS. While the authors
acknowledge the limitation of this study, as the control
group included normal girls with irregular cycles, who
would have otherwise diagnosed as PCOS by Rotterdam
criteria, they found PCOM had significantly elevated serum
AMH concentration (4.5 vs. 3.0 ng/mL, P < 0.001).1"
Villarroel e al. found AMH value of 8.40 ng/mL could
be used to diagnose PCOM in normally menstruating
adolescents with 64% sensitivity and 90% specificity, using
IOT assay.*!

It was not surprising to find lower sensitivity and/or
specificity obtained with the ROC curve analysis, because in
several studies, the serum AMH level were tested against the
PCOM which was predefined by an FNPO >12. In addition,
the normative data for serum AMH concentrations were
also difficult to compare, as the supposedly “normal”
controls may not have necessarily be representative of
the normal population. This discrepancy could perhaps
be minimized with the recently proposed definition of
PCOM by an FNPO 225.

Correlation of anti-Mullerian hormone with ovarian
volume

Although the Rotterdam consensus statement suggested
an OV threshold of 10 mL based on expert opinion, other
researchers proposed much lower cut-off values.? A
lower cut-off OV threshold of 6.4, 6.7, 7.0, and 7.5 mL.
was proposed by Késiis ¢z al, Chen ¢ al., Dewailly
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¢t al., and Carmina et al., respectively.'™?%] These
different OV threshold values could have happened due
to the difference in ethnicity, BMI and other metabolic
characteristics.

However, the AES-PCOS Task Force 2014 recommends
using the former threshold OV of 10 ml, since this
is closest to the 95" percentile of the largest pooled
control (7 = 1021) data. Moreover, OV has less diagnostic
potential than FNPO to discriminate between PCOS and
controls. The Task Force recommends using OV for the
diagnosis of PCOM when the image quality does not
allow a reliable estimate of FNPO, especially when the
transvaginal route is not feasible.!"”

In a regression analysis, Piouka e# a/. found AMH level
positively related to the mean OV (»=0.178, P = 0.007).F!
Dolfing ef al. also suggested AMH level positively related
to mean OV (r= 0.75, P < 0.0001) in lean PCOS."

CoNCLUSION

To sum up, all the studies till date which evaluated serum
AMH in PCOS women have reported a significant increase
in mean serum AMH levels compared to the controls.
Although, both mean serum AMH levels and ROC curve
analysis generated threshold cut-off values for AMH, varied
among the studies, no single value of AMH has universally
emerged. This could have happened, perhaps due to the
differences in the sample size, sample selection criteria,
PCOS phenotypes, ethnic difference and the type of AMH
assays used in these studies. Due to these uncertainties
around AMH assays, the recent 2014 AES-PCOS Society
Task Force does not recommend increased serum AMH
concentration as a surrogate marker of PCOM yet.

However, with the recent availability of AMH Gen II
assay, which appears to produce reliable and reproducible
results, AMH may revisit as an emerging biochemical
matker of PCOS and PCOM in future. Itis also reasonably
apparent, that no single AMH value may be capable of
diagnosing a syndrome like PCOS, due to heterogeneous
nature of its presentation; however, AMH could be an
exciting alternative to the transvaginal USG evaluation.
Nevertheless, even newer generation AMH assay needs to
be internationally standardized.

Mortreover, as the AMH concentration correlates
significantly well with the oligomenorrhea and HA, this
would further suggest that a diagnostic cut-off of AMH
could be achievable with an acceptable threshold of the
sensitivity and specificity.

Taken together, with the available totality of evidence, it
may be proposed that AMH could be a suitable substitute
atleast for the diagnosis of PCOM, if not PCOS as a whole

and may replace TVS in future.
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