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Polycystic ovary syndrome (PCOS) affects 8-13% of women. The Rotterdam di-
agnostic criteria include polycystic ovarian morphology (PCOM) on ultrasound,
but given recognized challenges, serum anti-Millerian hormone (AMH) is pro-
posed as an alternative. To inform international PCOS guidelines, a systematic
review was completed. Key identified gaps include large international studies
in well-defined populations across the lifespan, clustering of AMH with PCOS
features, relationships to long-term health outcomes, and improved quality,
assay standardization, and sample handling, all needed to determine cut offs.
Here we identify research priorities to address these gaps and enhance AMH
utility in PCOS. Once issues are addressed, AMH levels could replace more
costly and less accessible ultrasound in PCOS diagnosis.

Challenges in Ultrasound PCOM Detection

PCOS is the most common endocrine disorder affecting women of reproductive age, with a re-
ported prevalence of 8-13% [1-5]. The condition is heterogeneous [6] and women may present
with reproductive, endocrine, metabolic, and psychosocial symptoms, which vary across their
lifespan [7]. The Rotterdam criteria require that women fulfil two of the following three criteria to
be diagnosed with PCOS: oligo- or anovulation, clinical and/or biochemical signs of
hyperandrogenism, and/or polycystic ovaries on ultrasound [8—10], with the exclusion of other
relevant disorders.

Within the diagnostic criteria, PCOM on ultrasonography is defined by either total ovarian volume
or follicle number per ovary (FNPO). Original cut offs for PCOM were based on limited evidence
[11] and were recently revised in the new international PCOS guidelines, while also highlighting
the controversy and challenges with this criterion [1—4]. Determining FNPO is operator and equip-
ment dependent, limiting accuracy and reproducibility. Equipment advances increase sensitivity
and in turn FNPO counts [1-4]. Ultrasound involves expensive equipment and trained personnel,
leading to increasing costs and impacting accessibility. The ultrasound approach
(transabdominal or transvaginal) impacts accuracy, and in some women transvaginal ultrasound
is unacceptable or may be perceived as invasive. Multifollicular appearance on ultrasound over-
laps with PCOM diagnostic cut offs especially in adolescents, while in older women with PCOS
cut-off values might be considerably lower [11]. Recent international PCOS guidelines now rec-
ommend against using ultrasound in PCOS diagnosis within 8 years of menarche and call for
greater accuracy in PCOS diagnostic criteria worldwide [1-4].

AMH as a Potential Alternative to Ultrasound PCOM Detection

AMH is a polypeptide of the transforming growth factor beta (TGF[3) family, solely secreted by

granulosa cells of the pre-antral and small antral ovarian follicles [12]. AMH has been shown in
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animal models of PCOS to have a possible causal role in the development of the disorder
through in utero exposure of the fetus to high AMH levels [13]. In women, AMH inhibits the re-
cruitment of primordial follicles out of the resting oocyte pool and may suppress follicle-
stimulating hormone (FSH) action contributing to ovulatory disturbances [14]. Overall, serum
AMH levels are significantly higher in women with PCOS than in normal ovulatory women
[15,16]. These data have led to the hypothesis that AMH could be a valuable surrogate marker
or an alternative to ultrasound FNPO count for the detection of PCOM or in the overall diagnosis
of PCOS [14].

Recognized challenges in the use of AMH measurement in PCOS include variations across the
lifespan and problems with defining PCOM for comparison. AMH assays may also display differ-
ential responses to pre-analytical proteolysis, conformational changes of the AMH dimer, or the
presence of interfering substances [17]. Appreciable sample-to-sample variability and substantial
discrepancies in between-assay conversion factors suggest assay performance issues. These is-
sues were prioritized and addressed in the recent International evidence-based guideline for the
assessment and management of PCOS [1-4]. The aim of this systematic review is to investigate
whether AMH is effective for the detection of PCOM and/or diagnosis of PCOS to inform interna-
tional evidence-based guidelines in PCOS.

Methods

This systematic review was conducted in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) Statement [18] and was prepared to inform rec-
ommendations in the updated and expanded evidence-based guideline for the assessment
and management of PCOS [4].The methodology used for the development of this guideline is
aligned with Australia’s National Health and Medical Research Council (NHMRC) [19], the
European Society of Human Reproduction and Embryology (ESHRE) [20], and the Grading of
Recommendations, Assessment, Development and Evaluations (GRADE) methodology [21]
and is described in detail in the full guideline [4].

This systematic review addressed the evidence for the following two clinical questions: (i) Is AMH
effective to diagnose PCOS?; and (ii) Is AMH effective to detect PCOM?

Systematic Search for Evidence

A systematic search strategy was designed to identify the best available evidence to answer the
two clinical questions [22]. The search string comprised terms related to PCOS, PCOM, diagno-
sis, and AMH and was developed to retrieve articles addressing women with PCOS in all cultural,
geographical, and socioeconomic backgrounds and settings. The search strategy was limited to
English-language studies in humans and there were no limits on year of publication. A study
design filter was not used.

Selection Criteria

The Population of interest, Intervention, Comparison, and Outcome (PICO) framework was used
to guide the selection criteria for each clinical question presented in this systematic review and
these were developed a priori by the multidisciplinary guideline development group [22]. These
included reporting of results in the format of threshold, sensitivity, specificity, area under the
curve, and precision.

Databases

The following electronic databases were searched on 26 June 2017: Medline (Ovid) — Ovid
MEDLINE(R) In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R), and Ovid
OLDMEDLINE(R) 1950 to Present; EMBASE (Ovid); All EBM (Ovid) — including The Cochrane
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Database of Systematic Reviews, DARE, CENTRAL, and ACP Journal Club; and Psyclnfo (Ovid)
and CINAHL.

Evidence Processing

Studies were selected and appraised by one highly experienced reviewer (M.M.) in consultation
with colleagues using study selection criteria [22] established a priori. The retrieved articles
were first reviewed by title and abstract, and then full articles were retrieved for further assess-
ment if the information given suggested that the study met the inclusion criteria.

Assessment of Methodological Quality

The methodological quality (i.e., risk of bias) of each of the included studies was assessed by one
reviewer for the adolescent studies (E.B.) and one reviewer for the adult studies (E.C.T.), using a
critical appraisal template developed a priori [23]. Individual quality items were investigated using
a descriptive component approach that assessed attrition bias, reporting bias, selection bias,
performance bias, potential confounding, and the appropriateness of the statistical analysis.
Any disagreement or uncertainty was resolved by a discussion with a third reviewer (M.M.) and
within the team of authors of this manuscript. Using this approach each study was allocated a
risk-of-bias rating of low, moderate, or high.

Data Extraction

Data were extracted directly into customized tables for the characteristics of the included studies
and results by one reviewer (M.M.). Information was extracted on general study characteristics
(lead author, year of publication, study design, country), participants [number, age category (ad-
olescents or adults), body mass index (BMI), AMH, PCOS diagnostic criteria, medication status],
and diagnostic accuracy results (threshold, sensitivity, specificity, area under the curve, and pre-
cision). Due to the timeline-intensive nature of conducting evidence synthesis for an international
guideline, authors were not contacted in instances of missing data or for data conversions.

Data Synthesis

Due to the heterogeneity in diagnostic criteria and/or threshold/cut-off values, meta-analyses (for
pooled sensitivity and specificity estimates) have not been performed and thus the study data are
presented narratively and in tabular form. True- and false-positive, and true- and false-negative,
values for the diagnostic accuracy of AMH for PCOS and PCOM were calculated in Review
Manager 5.3 using the sensitivity and specificity data extracted from included studies (M.M.
and E.C.T.). AMH data presented as ng/ml were converted to Sl units, pmol/I (conversion factor
of 7.1429).

Results

A total of 313 potentially relevant studies were identified in the electronic database search, of
which 41 duplicates were excluded. The remaining 272 articles were reviewed by title and ab-
stract and 230 were excluded. Forty-two articles were retrieved for full-text screening, of which
29 studies [14,24-51] addressed the diagnostic accuracy of AMH for PCOS and/or PCOM
and thus met the inclusion criteria for the clinical questions presented in this review, while 13
full-text articles were excluded (Figure 1). A table of the excluded studies with reasons for their ex-
clusion can be found in section 1.5 of the technical report for the international evidence-based
guideline for the assessment and management of polycystic ovary syndrome [22].

One of the 29 studies identified was a systematic review [32] and included nine of the studies
identified here. However, it also included studies that did not meet the inclusion criteria for this ev-
idence review and was missing additional studies published more recently that were identified by
this review’s search; therefore, it was not used in this systematic review.
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Figure 1. PRISMA Flow Diagram

Characteristics of Included Studies

Table S1 in the supplemental information online includes the key characteristics of the included
studies, with four addressing the diagnostic accuracy of AMH for PCOS and PCOM [29,30,36,
41] and one addressing PCOM only [46]. Of the 28 studies, six studies included adolescent par-
ticipants for diagnosis of PCOS [30,34,43,44,46,49] and one of these addressed PCOS and
PCOM [30]. The remaining 21 studies [14,24-29,31,35-42,45,47,48,50,51] included adult par-
ticipants for diagnosis of PCOS, where three of these addressed PCOS and PCOM [29,36,41];
the remaining 18 studies addressed PCOS alone [14,24-28,31,35,37-40,42,45,47,48,50,51].
Of the studies in adolescents, one was in overweight and obese participants [33] and in one
study BMI was unclear [49]. Of the studies in adults, one included lean and obese participants
[25] and five studies [24,29,35,50,51] included overweight and obese participants.

Participant numbers ranged from 31 to 633 participants for adolescents and from 44 to 606 for
adults. The studies were conducted across a range of settings including university departments, out-
patient hospital clinics, and laboratories, in countries including Australia, Indonesia, South Korea, Iran,
Chile, USA, Turkey, Italy, Taiwan, Croatia, France, Norway, UK, Germany, Denmark, China, and India.

Quality Appraisal of Included Studies

The six studies that included adolescent participants ranged in quality from low to high risk of
bias, while the majority of adult studies were at high risk of bias [22]. Reasons for these ratings
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Image of Figure 1

include: selection criteria were not explicitly stated; it was unclear whether participants were en-
tered into the study appropriately (randomly or consecutively); case—control design; inclusion of
PCOM cases among controls; and inadequacies around the application of index and reference
tests —in particular, suboptimal choice about the best compromise between sensitivity and spec-
ificity by receiver operating characteristic (ROC) curve analysis. Moderate or high risk of bias was
noted in the interpretation of the results.

Diagnostic Accuracy of AMH for PCOS

In adolescents, there were five studies, of which one was found to have a low risk of bias [30], two
were of moderate risk of bias [33,34,44], and two were of high risk of bias [43,49], demonstrating
areas under the ROC curve of AMH for the diagnosis of PCOS, ranging from 0.5 to 0.88 (Table 1);
the threshold cut-off values ranged from 25 to 44 pmol/l.

In adults, there were 21 studies, of which five were found to have a moderate risk of bias [27,
39-41,47] and 16 were of high risk of bias [14,24-26,28,29,31,35-38,42,45,48,50,51], demon-
strating areas under the ROC curve of AMH for the diagnosis of PCOS ranging from 0.66 to 0.994
(Table 1); the threshold cut-off values ranged from 10 to 57 pmol/I. Although mean serum AMH
levels in adolescent and adult PCOS women were significantly higher than those of non-PCOS
participants in all studies, there was significant overlap between the cases and controls. The sen-
sitivity, specificity, and AUC was generally higher in adults than in adolescents, acknowledging
that the evidence is of limited quality and that study populations varied widely across studies in
terms of recruitment and definitions of both PCOS and control populations.

Diagnostic Accuracy of AMH for PCOM

In adolescents, there was one study of low risk of bias demonstrating an area under the ROC of
AMH for the diagnosis of PCOM of 0.87 [46] (Table 2); the threshold cut-off value was 50 pmol/I.
In adults, there were four relevant studies, one of which was found to have a low risk of bias [30],
one of moderate risk of bias [41], and two of high risk of bias [29,36], demonstrating areas under
the ROC of AMH for the diagnosis for PCOM of 0.67 to 0.92 (Table 2). The threshold ranged from
20 to 30 pmol/l. Although serum AMH levels in adolescent and adult PCOM women are signifi-
cantly higher than those of non-PCOM counterparts in all studies, there is significant overlap be-
tween cases and controls.

Identified Gaps in the AMH Literature

This systematic review presents rigorous synthesis of peer-reviewed literature assessing whether
AMH is effective for the detection of PCOM and diagnosis of PCOS, in both adolescents and
adults, with results informing the international guideline on assessment and management of
PCOS. The 28 included studies were rated, with the majority having a moderate or high risk
of bias. Heterogeneity was significant with identified challenges including poorly defined study
populations, variation across the lifespan, ill-defined approaches to AMH cut offs and challenges
with aligning with PCOM, and assay evolution and technical challenges.

The systematic review revealed significant heterogeneity in the accuracy of AMH in reflecting
PCOM and in assisting the diagnosis of PCOS. Key contributors to this heterogeneity include
the inappropriate selection of participants and the lack of well-defined study populations (those
with or without PCOS or features of PCOS in the control populations). It is crucial that participants
are entered into studies based on explicit, well-defined, and transparent selection criteria. Study
populations need to be generalizable and ideally community recruited, rather than from high-risk
subgroups including those presenting with infertility. Comparators or controls need to be very
clearly and consistently defined. Entrance to the studies needs to be either random or consecu-
tive and studies need to be adequately powered to detect the specified outcome. The majority of
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Table 1. Diagnostic Accuracy of AMH for PCOS?®

Study ID

Adolescents
Hart 2010 [30]

Kim 2016 and 2017
(33,34]

Sopher 2014 [43]
Tokmak 2015 [44]

Yetim 2016 [49]

Adults
Carmina 2016 [24]

Casadei 2013 [51]
Cassar 2014 [25]

Chao 2012 [26]
Dewailly 2014 [27]

Dewailly 2011 [28]
Eilertsen 2012 [29]

Homburg 2013 [31]

Threshold

30 pmol/l

30 pmol/l

44.71 pmol/l

24.29 pmol/l
100 pmol/I

43.57 pmol/l

>33.57 pmol/I
>33.57 pmol/I
>33.57 pmol/I
33.57 pmol/l
33 pmol/l
>30 pmol/I

25pmol/l
28 pmol/l
28 pmol/l
28 pmol/l
35 pmol/l
10 pmol/l
20 pmol/l
48 pmol/l

Diagnostic
criteria®

Rotterdam

NIH

NIH

NIH

Rotterdam
Youden index

Rotterdam

Rotterdam
Aand B

C

D>

NIH

Rotterdam

Rotterdam
Rotterdam
HA + PCOM
OA + PCOM
Rotterdam
Rotterdam
AES

Rotterdam

PCOS

64

36

46

15
43

53

113
78
20
15
22
43

31
95
67
110
62
56
44
90

Non-PCOS

149

177

43

16
a7

26

47
47
47
47
22
35

24
521
521
521
66

206
218
90

Sensitivity

53.1

52.8

67

40
48.8

81.1

79
91
50
53
95
82

74
84.2
61.2
81.8
92

98.2
95.5
60

Specificity  True False True False
positive  positive  negative  negative
69.8 34 45 104 30
66.1
81
93.8
774
92.3 43 2 24 10
96 89 2 45 24
96
96
96
95
79 35 7 28 8
79 23 5 19 8
97.5 80 13 508 15
97.5
97.5
97 57 2 64 &)
94.8 55 iRl 195 1
97.2
98.2 54 2 88 36

AUC

0.64

0.61

0.788

NR
0.579

0.88

0.952
0.982
NR
NR
0.970
0.829

NR

0.948
0.894
0.938
0.973
0.992
0.994
0.805

Precision

Cl=0.55-0.72
P =0.002

Cl=0.49-0.72
P =0.048

0.687-0.868
P <0.000 1

NR

0.453-0.705
P=0.198

Cl=0.80-0.96
P <0.001

SD =0.014
SD = 0.002
NR

NR
Cl=0.02-0.92

Cl=0.736-0.923
P <0.001

NR

Cl=0.915-0.982
Cl = 0.852-0.936
Cl = 0.908-0.969

I°0

Cl = 0.947-0.998
Cl=0.986-0.999
Cl = 0.987-1.000
NR

SM3INTY



Kéninger 2014 [35] 25 pmol/l Rotterdam mild 21 48 71.4 89.6 15 5 43 6 0.80 Cl =0.65-0.91
25 pmol/l Rotterdam 59 48 84.7 89.6 50 5 43 9 0.88 Cl =0.80-0.95
severe
Lauritsen 2014 [36] 18 pmol/l Rotterdam 74 818 91.8 98.1 68 7 366 6 0.994  CI=0.990-0.999
Li 2010 [37] 57.14 pmol/I Rotterdam 47 40 61.7 70 29 12 28 18 0.664 Cl=0.551-0.778
(8 ng/ml)
Li 2012 [38] 28 pmol/l Rotterdam 131 61 65 62 85 23 38 46 0.68 Cl =0.60-0.76
P<0.01
30.21 pmol/I HA+ 62 61 82 64 0.82 Cl =0.72-0.92
P<0.01
26.86 pmol/l HA- 69 61 64 62 0.66 Cl =0.56-0.75
P<0.01
Pigny 2006 [14] 60 pmol/l Rotterdam 73 96 67 92 49 8 88 24 0.851 Cl =0.796-0.905
Pigny 2016 [39] 57.28 pmol/l Rotterdam 47 48 74.5 91.7 35 44 12 0.944  CI=0.901-0.987
equivalent
Sahmay 2013 [40] 28.14 pmol/l Rotterdam 419 151 80 89.8 335 15 136 84 0.916  CI=0.897-0.935
P <0.000 1
Sahmay 2014 [41] 27.14 pmol/l AES 195 411 80 80.2 0.87 0.84-0.90
P <0.001
27.14 pmol/l Rotterdam 228 378 81.6 85.1 186 56 322 42 0.89 0.87-0.92
P <0.001
27.14 pmol/l NIH 164 442 80.7 74.7 0.86 0.82-0.89
P <0.001
Saikumar 2013 [42] 23.86 pmol/l Rotterdam 60 60 98 93 59 4 56 1 0.956 NR
Tremellen 2015 [45] =re pmol/l Rotterdam 43 113 83.7 82.3 36 20 93 7 0.917 NR
Wiweko 2014 [47] 31.79 pmol/l Rotterdam 71 71 76.1 74.6 54 18 53 17 0.870  Cl=0.81-0.92
Woo 2012 [48] 55.86 pmol/l Rotterdam 87 53 75.9 86.8 66 7 46 21 0.868  CI=0.801-0.919
Zadehmodarres 2015 22.5 pmol/l Rotterdam 60 57 70.37 77.36 42 13 44 18 NR NR

(50]

2Phenotype A, anovulation, hyperandrogenism, and PCO; Phenotype B, ANOV-PCOS, anovulatory with hyperandrogenism and normal ovaries; Phenotype C, OV-PCOS, ovulatory with normal menses,
hyperandrogenism, and PCO; Phenotype D, NH-PCOS, anovulatory with normal androgen levels and no symptoms of hyperandrogenism and PCO; PM, PCOS mild, PCO + OA; PS, PCOS severe, all three
criteria.

®See table of characteristics for definition.
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Table 2. Diagnostic Accuracy of AMH for PCOM

Study ID Threshold Diagnostic PCOS Non- Sensi-  Speci-  True False True
criteria PCOS tivity ficity positive positive negative

Villarroel 50.25 pmol/l Rotterdam 25 49 84.0 83.7 21 8 41

2011 [46]

Eilertsen 20 pmol/I Rotterdam 113 149 79.6 72.5 90 41 108

2012 [29]

Hart 30 pmol/I Rotterdam 75 132 54.7 72.7 41 36 96

2010 [30]

Lauritsen 20 pmol/I Rotterdam 74 373 82.0 84.6 61 57 316

2014 [36]

Sahmay 27.14 pmol/ Unclear Unclear Unclear 83 87

2014 [41]

available studies fail to fulfil these criteria, leading to a moderate-to-high risk of bias and poor re-
liability. This needs to be addressed before progress can be made in understanding the role of
AMH assays in PCOS.

Follicle development varies across the lifespan and is increased in adolescence, falling subse-
quently until menopause, when oocytes are depleted. There is a need for age-specific cut offs
for both PCOM and AMH. Here, the sensitivity, specificity, and area under the ROC curve suggest
greater accuracy of AMH in PCOS diagnosis in adults than in adolescents and it may be that the
role of AMH in PCOS diagnosis will align with that of PCOM. The new international guidelines now
recommend against the use of ultrasound in the diagnosis of PCOS until 8 years post-menarche
(Box 1) [1-4]; however, more research is needed to determine age-specific cut offs and accept-
able accuracy at given life stages. Given that AMH is also not appropriate for diagnosis in adoles-
cents or adults at present, both hyperandrogenism and ovulatory dysfunction are currently
required for diagnosis in adolescents.

Another key challenge with the literature is the significant variably in the way the cut-off values
were defined. Traditionally in determining cut-off values in biochemical tests as ‘normal’ range,
a cut-off of the 95th centile is applied to deliver 95% specificity. However, this is not appropriate
for defining diagnostic cut offs for a clinical condition. Here, more important considerations in-
clude clustering with other clinical features such as hirsutism, hyperandrogenism, and oligo-
anovulation or prediction of long-term health outcomes such as fertility. For example, the estab-
lishment of gestational diabetes, hypertension, or obesity cut offs was based on long-term health
risks, not simply percentiles [52-54]. In the case of AMH, the majority of studies defined the cut
offs at the 95th centile, which is not a valid biological cut off. Further research on clustering of
AMH with other features of PCOS and the relationship between AMH and long-term health out-
comes is now vital.

Other considerations were the significant variability in follicle numbers and development, in PCOM
and in AMH across the lifespan. Levels are high in adolescence and overlap considerably with
those who do not have other features of PCOS. This makes it difficult to differentiate PCOS
from controls on AMH levels [30]. Levels fall in later life, especially after menopause [55]. Age-spe-
cific reference ranges are thus vital [56] and it is likely that, aligned with PCOM as a diagnostic
feature of PCOS, AMH will be of most use where overlap is least notable, beyond the early
post-menarche years.
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23 0.896
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Precision

Cl=0.782-
0.963
P <0.000 1

Cl = 0.855—
0.937

Cl =0.60-
0.75
P <0.001

Cl=0.878-
0.933

Cl=0.90-
0.93
P <0.001



Box 1. Ultrasound and PCOM Recommendations: International Evidence-Based Guideline [1-4]

Ultrasound should not be used for the diagnosis of PCOS in those with a gynecological age of <8 years (<8 years after
menarche), due to the high incidence of muiltifollicular ovaries in this life stage [clinical consensus recommendation (CCR)].

e The threshold for PCOM should be revised regularly with advancing ultrasound technology, and age-specific cut-off
values for PCOM should be defined (CCR).

The transvaginal ultrasound approach is preferred in the diagnosis of PCOS, if sexually active and if acceptable to the
individual being assessed (CCR).

Using endovaginal ultrasound transducers with a frequency bandwidth that includes 8 MHz, the threshold for PCOM
should be on either ovary, a follicle number per ovary of =20 and/or an ovarian volume =10 ml, ensuring no corpora
lutea, cysts, or dominant follicles are present (CCR).

If using older technology, the threshold for PCOM could be an ovarian volume =10 ml on either ovary [clinical practice
point (CPP)].

In patients with irregular menstrual cycles and hyperandrogenism, an ovarian ultrasound is not necessary for PCOS di-
agnosis; however, ultrasound will identify the complete PCOS phenotype (CPP).

In transabdominal ultrasound, reporting is best focused on ovarian volume with a threshold of =10 ml, given the difficulty
of reliably assessing follicle number with this approach (CPP).

Clear protocols are recommended for reporting follicle number per ovary and ovarian volume on ultrasound. Recom-
mended minimum reporting standards include:

o Last menstrual period

o Transducer bandwidth frequency

o Approach/route assessed

o Total follicle number per ovary measuring 2-9 mm

o Three dimensions and volume of each ovary

o Reporting of endometrial thickness and appearance is preferred — three-layer endometrial assessment may be
useful to screen for endometrial pathology

o Other ovarian and uterine pathology, as well as ovarian cysts, corpus luteum, dominant follicles =10 mm (CPP).

e There is a need for training in careful and meticulous follicle counting per ovary, to improve reporting (CPP).

The relationship between AMH with PCOM was also an important consideration (Box 1).
Investigators have used the PCOS definition established in 2003 at the Rotterdam conference
[10] (i.e., 12 follicles of 2-9 mm diameter per ovary) to define this PCOS diagnostic criterion.
This cut off suffers from the same challenges as applying the 95th-centile cut offs to define
PCOM and is highly variable by life stage and dependent on advancing ultrasound equipment.
Therefore, with the latest ultrasound equipment, the new international guidelines have redefined
the PCOM cut offs to a threshold of =220 FNPO and have specified that ultrasound-defined
PCOM is no longer appropriate in PCOS diagnosis within 8 years post-menarche, given the over-
lap between PCOS and controls [1-4]. Similar challenges in defining PCOM (cut offs at the 95th
centile, changes across the life stage, and technical challenges) mandate further research on
clustering of PCOM with other features of PCOS and the relationship between PCOM and
long-term health outcomes.

In addition, there are technical issues regarding the assays for serum AMH, leading to further het-
erogeneity in results. About one-half of the studies were performed using either the Diagnostic
Systems Lab (DSL) or Immunotech (IOT) assays, for which concordance in values is problematic.
Furthermore, these assays are not marketed anymore. There are very few data with the new au-
tomated-platform assays [39]. There is rising awareness on the impact of sample handling, trans-
port, and storage conditions, factors that are under-reported in the literature. There is also a clear
need for an international reference standard for AMH and for robust independent evaluation of
commercial assays in routine clinical samples with well-defined sample handling and processing
protocols [17]. Overall there is an urgent need for international standardization to improve compa-
rability among assays, and the challenge of determining the optimal assay and the issues
concerning sample storage and processing need to be addressed before clinical utility can be
recommended (Box 2) [1-4].
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Box 2. AMH Recommendations: International Evidence-Based Guideline [1-4]

e Serum AMH levels should not yet be used as an alternative for the detection of PCOM or as a single test for the
diagnosis of PCOS [evidence-based recommendation (EBR)].

e There is emerging evidence that with improved standardization of assays and established cut-off levels or thresholds
based on large-scale validation in populations of different ages and ethnicities, AMH assays will be more accurate in
the detection of PCOM (CPP).

Future Steps for AMH in PCOS

PCOM needs to be consistently defined and follow international guidelines to allow comparison with AMH levels.

The inclusion of controls with PCOM should be avoided, as mentioned above. This requires a particular statistical ap-
proach (cluster analysis). Age-stratified thresholds need to be defined.

Standardized optimal assays need to be applied.

AMH is a potential future substitute for detecting PCOM; however, further research is needed including establishing uni-
versal threshold for elevated serum AMH level that requires validation in large populations of different ages and
ethnicities.

Limitations

A single protocol document for all 40 systematic reviews completed as part of the
international PCOS guideline was developed and signed off by all 70 guideline development
group expert, consumer, and health professional members. These protocols are
publicly available at https://www.monash.edu/__data/assets/pdf_file/0020/1412282/PCOS-
Guideline_Technical-report.pdf; however, each individual protocol was not registered. This
review was limited to studies published in English, thus putting the review at risk of
language bias. Also, we did not contact study authors for missing information or data
conversions.

Concluding Remarks

AMH may play a key role in the pathogenesis of PCOS; however, key issues must be
addressed before it can be applied clinically to the detection of PCOM or in the diagnosis of
PCOS (see Outstanding Questions). These include consistently defined and appropriate
study and control populations, biologically relevant cut-off values that reflect clustering of
clinical features and are relevant to health outcomes, are life-stage specific, and more clearly
define PCOM on ultrasound, and improved accuracy and standardization of assays and
handling procedures. With improved standardization of emerging assays and established inter-
nationally approved cut-off levels/thresholds based on large-scale validation in defined popu-
lations of different ages, AMH may become useful in the clinical detection of PCOM and the
diagnosis of PCOS. However, until these issues are addressed, AMH is not clinically applicable
and useful in detecting PCOM or diagnosing PCOS and is not recommended outside research
in the new international evidence-based guidelines for the assessment and management of
PCOS [1-4].
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Outstanding Questions

Consistently defined and appropriate
study and control populations and
biologically relevant cut-off values that
reflect clustering of clinical features
and are relevant to health outcomes,
are life-stage specific, and more clearly
define PCOM on ultrasound, with im-
proved accuracy and standardization
of assays and handling procedures,
are needed in future studies.

How can we improve accuracy and
standardisation of assays and handling
procedures?

Is there an optimal assay?

What are the biologically relevant AMH
diagnostic cut off values that reflect
clustering with other clinical features,
and that are life-stage specific?

What are the AMH values that accurately
predict PCOM on ultrasound?

Do AMH levels have a role in predicting
clinical features and guideline treatment
of PCOS, outside of diagnosis?
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