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Abstract

Background: Polycystic ovary syndrome (PCOS) is one of the most common endocrine disordersin women and is diagnosed
using the Rotterdam criteria, including diagnosis of polycystic ovarian morphology (PCOM) by transvaginal ultrasound (TVUS).
Due to high cost, availability, and the impact of the operator and ultrasound eguipment on the reliability of the antra follicle
count (AFC) by TVUS, an unmet need existsfor adiagnostic test to determine PCOM without TVUS. A strong positive correlation
between elevated anti-Millerian hormone (AMH) levels and AFCs has been demonstrated in women with PCOS. In addition,
recent updates to the international evidence-based PCOS guidelines state that serum AMH can be used as an dternative to
TVUS-determined AFC, in the diagnosis of PCOM. The retrospective APHRODITE study derived and validated an AMH cutoff
of 3.2 ng/mL for the Elecsys AMH Plus or Elecsys AMH assays (Roche) to diagnose PCOM in patients with PCOS.

Objective: This study aimsto further validate, in an independent prospective cohort, the AMH cutoff (3.2 ng/mL) for PCOM
determination, which was previously derived and validated in the APHRODITE study.

Methods: Thislarge, prospective, multicenter, popul ation-based, noninterventional study will evaluate the previously established
AMH cutoff for the determination of PCOM during the diagnosis of PCOS using the Elecsys AMH Plus immunoassay in an
independent population. Participants were women born between July 1985 and December 1987 in Northern Finland; the study
partialy links to the Northern Finland Birth Cohort 1986. We assessed the enrolled women, determined with the 2023 PCOS
Guidelines, for current PCOS status and divided them by phenotype if positive. Each participant had 1 study visit to collect serum
samples, record clinical data, and undergo agynecological examination including TV US. All datawere collected by highly trained
midwives or trained gynecol ogists. Sensitivity, specificity, and agreement measures were used to validate the previously determined
cutoff in the whole population and in subpopulations based on phenotype and relevant demographic or clinical factors. The
minimum target sample size was approximately 1800 women, including approximately 10% with PCOS.

Results: At the time of manuscript submission, participant recruitment had concluded, and 1803 women were enrolled into the
study. Data collection is complete and biostatistical analysis is planned for 2023.

Conclusions: To limit variability, there were few TVUS operators and only 2 TVUS machines of the same type. Additionally,
all women who were taking oral contraceptives were excluded from the primary analysis population. Selection bias was limited
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asthiswas apopul ation-based study and participants were not seeking treatment for PCOS symptoms. Validating the AMH cutoff
in alarge, population-based study will provide further evidence on the utility of the Elecsys AMH Plus or Elecsys AMH assays
in PCOM diagnosis as an alternativeto TVUS. Measuring AMH for PCOM diagnosis could reduce delayed or missed diagnoses
due to operator-dependent TVUS examinations.

Trial Registration: Clinical Trials.gov NCT05527353; http://tinyurl.com/2f 3ffbdz
International Registered Report Identifier (IRRID): DERR1-10.2196/48854

(JMIR Res Protoc 2024;13:e48854) doi: 10.2196/48854
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cardiovascular, and psychological implications [4-7]. The
diagnosis of PCOS is based on the Rotterdam criteria [8,9],
Polycystic ovary syndrome (PCOS) isone of the most common ~ Where 2 or more of the following conditions should be met:
endocrine disorders affecting women and is characterized by qllgoanovulatl on or anoyulatlon (0A), cllnlca! or biochemical
symptoms of ovarian dysfunction and an excess of androgen, ~ S9nS of hyperandrogenism (HA), a combination of both, and
without other specific diagnoses [1-3]. PCOS is the primary ~ Polycystic ovarian morphology (PCOM) based on transvaginal
cause of female anovulaory infertility and has metabolic, ultrasound [10] (TVUS; Figure 1).

Introduction

Figure 1. Diagnostic criteria and phenotypes of PCOS based on the Rotterdam criteria. HA: hyperandrogenism; OA: oligoanovulation or anovulation;
PCOM: polycystic ovarian morphology; PCOS: polycystic ovary syndrome.
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According to the updated guidelines[9], the diagnosis of PCOM
is based on a TVUS with afinding of =20 follicles of 2-9 mm
insizein at least 1 ovary or increased ovarian volume =10 mL,
but determination of the antral follicle count (AFC) by TVUS
depends on the operator and ultrasound equipment used [11-17].
Due to the expense of the equipment and the regularity of
updates needed, in addition to the very high level of specialized
training required by operators, TVUSis not available for many
physi cians seeing women with symptoms of PCOS (eg, general
practitioners, gynecol ogists, and endocrinologists). Thus, there
is significant underdiagnosis of PCOS [18] along with a
substantial delay in receiving adiagnosis[19-22]; therefore, an
unmet medical need exists for a diagnostic test to determine
PCOM without the need for TVUS.

Anti-Millerian hormone (AMH) is a regulator of follicle
recruitment from the primordial follicle pool and inhibitor of
follicular growth that is expressed by granulosa cells in the
preantral and small antral follicles[23,24]. Serum AMH levels
correlate well with the 2-9 mm antral folliclesfound in TVUS
examination in the diagnosis of PCOM [25,26]. Elevated levels
of AMH are observed in women with PCOS [27-30], and a
strong correlation between elevated levels of AMH and
increased AFCs has been demonstrated [12,14,26,29],
supporting the use of AMH as a biomarker for PCOM.

In the recent, retrospective, case-control APHRODITE study,
a cutoff of 3.2 ng/mL for the Elecsys AMH Plus or Elecsys
AMH assays (Roche Diagnostics I nternational Ltd) was derived
and validated to identify PCOM as part of PCOS diagnosisin
women aged 25-45 years[28]. Moreover, arecent study reported
the usability of the Elecsys AMH assay to identify PCOS cases
in large epidemiological data sets [31]. All previous findings
support the use of AMH measurement using the Elecsys AMH
Plus assay as a substitute for AFC in the determination of
PCOM, thereby reducing the need for TVUS procedures[28,32].

Since APHRODI TE was aretrospective, case-control study that
validated the derived cutoff in a population with an increased
risk of PCOS, it is of interest to further validate the derived
cutoff in a prospective, independent, population-based cohort.
By validating AMH levels in a large, population-based study
using the Roche Elecsys AMH Plus assay, we aim to provide
clinicians with the ability to identify PCOM as part of a PCOS
diagnosis using a simple blood test, thereby making diagnosis
of the disorder more accessible in a primary care setting.
Althoughitisnot anticipated that TVUS as adiagnostic method
for PCOM will be discarded from PCOS guidelines, AMH
testing could be adopted as an aternative method, particularly
in primary care.

Methods

Study Design

The prospective, multicenter, population-based,
noninterventional  HARMONIA (Human Anti-Millerian
Hormone for Diagnosis of PCOS) study aims to validate the
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AMH cutoff determined and validated in the APHRODITE
study for the determination of PCOM during the diagnosis of
PCOS using the Elecsys AMH Plus immunoassay. Study
enrollment was conducted between May 2020 and October 2022
at 2 sitesin Finland: Oulu University Hospital, Department of
Obstetrics and Gynecology, Oulu, and Helsinki University
Hospital, Helsinki.

Participants

The target population was women born in Northern Finland
between July 1, 1985, and December 31, 1987; the study
partialy links to the Northern Finland Birth Cohort (NFBC)
1986 study population. The prevalence of PCOS in this
population is expected to be approximately 10% when applying
the diagnostic criteria for PCOS outlined in the 2018
international PCOS guideline[9,33]. The COVID-19 pandemic
resulted in alower enrollment rate than originally expected, and
so the cohort was expanded to include a random cohort of
women born in the same geographical area up to 18 months
after those in the NFBC 1986, to ensure enrollment met the
minimum target sample size of approximately 1800 individuals.
Asthe study is population-based, all nonpregnant women from
the target population were invited to participate in the study.

Participants were excluded if they were unwilling to undergo
gynecological examination including TVUS, refused to have
blood drawn, or did not consent to sharing their personal data
with Roche Diagnostics International Ltd, who completed the
AMH measurement and analysis. Additionally, women who
were taking oral contraceptives at the time of study
commencement will be excluded from the primary analysis
population.

PCOS cases were defined as women fulfilling 2 or more
Rotterdam criteria[8,9]. For each participant, the current PCOS
status was assessed. PCOS positive cases were further divided
into the following phenotypes. phenotype A (HA+, OA+,
PCOM+), phenotype B (HA+, OA+, PCOM-), phenotype C
(HA+, OA-, PCOM+), and phenotype D (HA-, OA+, PCOM +;
Figure 1). PCOM in PCOS cases included the PCOS A, C, and
D phenotypes. PCOS phenotype B cases by definition did not
meet the criteria for PCOM based on TVUS (phenotype B
accounted for approximately 3% of PCOS cases in the
APHRODITE study) and were not included in the case group
for the primary objective. Controlswere defined aswomen with
negative PCOM with an AFC <20, an ovarian volume <10 mL,
and no other diagnostic features of PCOS according to the
Rotterdam criteria.

Each participant had 1 study visit during which serum samples
were collected through blood draw (taken at any stage of the
menstrual cycle), clinica data (including questionnaire
responses) were recorded, and a gynecological examination
including TVUS (Ultrasound System HS60, Samsung
Healthcare) was performed to determine PCOM status; all
assessments were evaluated by a clinician (Table 1) [34]. All
datawere collected by highly trained midwives or gynecol ogists.
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Table 1. Baseline characteristics to be recorded by questionnaire and clinical assessment.

Baseline characteristic Questionnaire

Clinical assessment

General information and

Participant identification and date of consent

Confirmation of fasting for 12 hours before the

medical history « Ageat the study visit clinic visit
« Race
«  Education
«  History of radiation or chemotherapy (yes or no) or treatment
« Long-term illnesses diagnosed by a doctor (self-reported)
.  Bothersome hair loss experience
«  Acne(former or current)
Medication use «  Medication use (current) N/A2
« Useand type of hormonal contraceptives (oral, patch, or in-
trauterine device; former or current)
Intoxications «  Smoking (current, former, or never; number of cigarettes) N/A
« Alcohol (units per week)
Obstetric history e  Menarche From the transvaginal ultrasound report:
«  Cycle(regular, irregular, or absent) . Endometrial thickness
«  Shortest and longest menstrual cycle length (days) . Visualization status of the ovaries
+  Lastmenstrua cycle o _«  Ovarianlength, width, height, and volume
«  Number of live births, fetus mortus, miscarriages, extrauterine ,  antral follicle count
pregnancy, and pregnancy terminations . Dominant follicle presence
Fertility treatment ) ) «  Presence of corpus luteum and/or cysts >25
+  Breastfeeding status (no, exclusively, or partially) mm and/or other possible reason for increase
«  Delivery within 6 months from the study visit of the ovarian volume
Anthropomorphic « N/A Height
Weight

Waist circumference

Hip circumference

Systolic blood pressure or diastolic blood

pressure

«  Gynecological ultrasonography (polycystic
ovarian morphology)

o Hirsutism (Ferriman-Gallwey-Score)

« Acneseverity grading (1-5) per the Global

Acne Severity Scale[34]. Images of the partic-

ipant will be assessed by a dermatol ogist

3N/A: not applicable.

Sample Processing

A total volume of approximately 5 mL of serum was collected
using VACUETTE Tube 9 mL CAT serum clot activator tubes
(Greiner Bio One) and stored at —80 °C. Aliquots were sent to
the Nordlab in Oulu for measurement of testosterone by liquid
chromatography-mass spectrometry (Sciex Qtrap 5500, Ab
Sciex). Additional measurements were performed on-site at
Oulu  (testosterone, sex hormone-binding  globulin,
follicle-stimulating ~ hormone, luteinizing ~ hormone,
thyroid-stimulating hormone, and prolactin) on the COBAS e
411 analyzer (Roche Diagnostics International Ltd), whichwas
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used to assess some of the PCOS criteria. Additional aliquots
were shipped to Roche Diagnostics GmbH, Penzberg, Germany,
for determination of AMH biomarker levels (Textbox 1). AMH
levelswere measured using the Elecsys AMH Plus assay onthe
COBAS pro e 801 anayzer (Roche Diagnostics International
Ltd). The measuring range of the Elecsys AMH Plus assay is
0.01-23 ng/mL and the coefficient of variance for repeatability
is less than 3% [35]. Participants with AMH levels more than
3.2 ng/mL (the cutoff determined and vaidated in the
APHRODITE study [28]) were classified as AMH PCOM
positive, and those with results <3.2 ng/mL were classified as
AMH PCOM negative.
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Parametersto be measured

« Hemoglobin Alc

«  Complete blood count

o  Feritin

«  Fasting plasmaglucose

«  Fasting total cholesterol

«  Fasting plasma high-density lipoprotein
«  Fasting plasmalow-density lipoprotein
o  Fasting plasmatriglycerides

. Plasmaalkaline phosphatase

o Plasmaalbumin

«  Fasting serum C-peptide

«  Plasmaalanine aminotransferase

. Plasmaamylase

«  Plasmaaspartate aminotransferase

e  Plasmabilirubin

o Plasmagammaglutamyltransferase

« Plasmacreatinine

« Plasmauric acid

«  Fasting seruminsulin

o  Serum high-sensitivity C-reactive protein
«  Testosterone

e Sex hormone-binding globulin

«  Follicle-stimulating hormone

o  Luteinizing hormone

«  Thyroid-stimulating hormone

o Prolactin

« Anti-Mullerian hormone

«  Dehydroepiandrosterone sulfate

Data Analysis

At the time of publication submission, the tria was till
underway, although data collection was complete. During the
planned biostatistical analysis, baseline characteristics and
biomarker data will be analyzed for al participants, and by
PCOS phenotype and case or control groups. Additionally, the
baseline characteristics will be compared between cases and
controls using statistical tests, such as Mann-Whitney U tests
or chi-sgquare tests.

The primary objective of this study, conducted in the PCOM
positive population, will be validating the AMH cutoff for
PCOM determined in the APHRODITE study. Agreement
measures will be calculated, and tables produced to estimate
the performance (ie, sensitivity, specificity, and receiver
operating characteristic curve) of the prespecified ElecsysAMH
cutoff for the prediction of PCOM status. In addition,

https://www.researchprotocol s.org/2024/1/e48854

performance estimates (sensitivity, specificity, and agreement
tables) of the Elecsys AMH Plus cutoff will be performed within
subpopul ations (phenotype and potentially relevant demographic
or clinical factors).

Sample Size and Power

The total sample size for the primary analysis was a minimum
of approximately 1800 women, of whom approximately 10%
will be PCOS positive cases; however, some individuals may
need to be excluded from the primary objective analysis due to
hormonal contraceptive use. As PCOS phenotype B cases do
not meet the criteria for PCOM based on TVUS, some PCOS
caseswill also be excluded. In addition, somewomen may need
to be excluded if their PCOS or PCOM status cannot be
determined (eg, due to the inability to adequately visualize the
ovaries). Assuming a significance level of 0.05 (1-sided lower
Cls) and a joint power of 80%, approximately 55-88 PCOS
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positive cases and approximately 164-262 PCOS negative cases
are needed to achieve agreements of 65% and 70%, if the true
percentages of agreement are 79%-82.5% and 78%-80%,
respectively.

Ethical Consider ations

The study complies with al relevant national regulations and
institutional policiesand was performed in accordance with the
principles of the Declaration of Helsinki. Ethical approval was
provided by the Ethical Committee of the Northern Ostrobothnia
Hospital District (EETTMK 47/2019), and all participantswere
required to give informed consent for the use of their collected
data for scientific purposes. The trial was registered
(NCT05527353) on September 2, 2022.

Results

The first patient provided consent on May 7, 2021, and the last
patient provided consent on October 28, 2022; therefore,
participant recruitment has been completed. At the time of
manuscript submission, 1803 women had been enrolled into
the study. Biostatistical analysis will commence later in 2023
and it is expected that the results will be published shortly
thereafter.

Discussion

This is the first large, prospective, population-based study to
validate an AMH level cutoff for determining PCOM statusin
the diagnosis of PCOS.

Strengths and Limitations

One strength of this study is that all data were collected by
highly trained midwives and specialized gynecologists. The
TVUS data is robust due to the limited number of TVUS
experienced operators performing the ultrasound assessments,
and the use of only 2 TVUS machines of the same type. In
addition, while most studies on AMH testing are retrospective,
using small, non—popul ation-based cohorts from PCOS clinics,
HARMONIA is a large, prospective, population-based study.
Furthermore, there will be limited bias, as the study is
population-based, and participants were not seeking treatment
for PCOS symptoms. However, the study also has some
limitations. The age of the participantsislimited by the study’s
linkage to the NFBC 1986 (all participants are within a 3-year
age range). In the APHRODITE study, it was aso found that
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AMH levelsdecreased with age among PCOS cases and controls
[28]; findings from this study should therefore be evaluated in
the context of these results. Furthermore, dueto the geographical
location of the study and the fertile age of the parti cipants, most
women will be White (with a small minority, estimated below
3%, of indigenous Sami people), and some will be taking
hormonal contraceptives. It hasalso previously been shown that
thereissome biological variability in AMH during the menstrual
cycle [36]. However, a longitudinal study conducted in a
population-based cohort demonstrated that AMH may be used
as a surrogate marker for identification of PCOM [37]. The
samplesinthisstudy will betaken at any stage of the menstrual
cycle; however, we anticipate that the small variation in cycle
phaseswill not affect the diagnostic performance of the Elecsys
AMH Plus assay. Furthermore, studies have shown that women
with PCOS may have a higher body mass index, which could
affect the precision of TVUS results [38,39]. In addition, the
global COVID-19 pandemic may have caused selection bias
during enrollment in the original NFBC 1986 population,
although thisfactor appliesto the entire cohort. The study results
will be analyzed and interpreted in this context.

Benefits of the Study

By validating AMH levelsin alarge, population-based study,
clinicians will be able to identify PCOM as part of PCOS
diagnosisusing asimple blood test. Thus, if TVUSisnecessary
only asameansto identify PCOM (rather than for other clinical
reasons), this procedure can be replaced, thereby making the
diagnosis of PCOM more accessible in a primary care setting.
This would lead to much faster diagnoses for patients, as in
some health care settings there would be no need to wait for
referral, and only patients needing treatment for other specialized
health care (eg, fertility, topical skin therapy, or psychological
distress) would require referral to a specialist. Thiswould also
allow the common health impairments of the women affected
to be viewed more holistically, rather than categorizing these
womeninto aninfertile population without further consideration
of other adverse outcomes (eg, risk of developing type 2 diabetes
mellitus or psychological distress). Testing AMH levels could
also contribute to reducing missed diagnoses due to
operator-dependent  TVUS examinations. Following the
validation of AMH levels in this study, we do not anticipate
that PCOS guidelineswill discard TV US asadiagnostic method
for PCOM, but rather advise that AMH testing be adopted as
an aternative method.
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Data Availability
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Authors Contributions

TP, DA, MH, JS, and RKA contributed to the study design and conception. TP and RKA acquired the data. TP, DA, MH, KB,
JS, and RKA contributed to the data analysis and interpretation, provided critical review of the manuscript, and approved the
final manuscript for submission.

Conflictsof Interest

TP received aresearch grant and honoraria from Roche, and fees or honoraria from Exeltis, MSD, Ferring, Gedeon Richter, and
Organon. DA, JS, and MH are employees of Roche Diagnostics International Ltd. MH holds shares in F. Hoffmann-La Roche
Ltd. KB isan employee of Roche Diagnostics GmbH. RKA has no competing interests.

References

1.  Escobar-Morreale HF. Polycystic ovary syndrome: definition, agtiology, diagnosis and treatment. Nat Rev Endocrinol.
2018;14(5):270-284. [doi: 10.1038/nrendo.2018.24] [Medline: 29569621]

2. Glintborg D, Andersen M. Medical treatment and comorbidity in polycystic ovary syndrome: an updated review. Curr Opin
Endo Metabol Res. 2020;12:33-40. [doi: 10.1016/j.coemr.2020.02.014]

3. Hoeger KM, Dokras A, Piltonen T. Update on PCOS: consequences, challenges, and guiding treatment. J Clin Endocrinol
Metab. 2021;106(3):€1071-e1083. [FREE Full text] [doi: 10.1210/clinem/dgaa839] [Medline: 33211867]

4.  Balen AH, Rutherford AJ. Managing anovulatory infertility and polycystic ovary syndrome. BMJ. 2007;335(7621):663-666.
[FREE Full text] [doi: 10.1136/bmj.39335.462303.80] [Medline: 17901517]

5. KarjulaS, Morin-Papunen L, Auvinen J, Ruokonen A, Puukka K, Franks S, et al. Psychological distressis more prevalent
in fertile age and premenopausal women with PCOS symptoms:. 15-year follow-up. J Clin Endocrinol Metab.
2017;102(6):1861-1869. [FREE Full text] [doi: 10.1210/jc.2016-3863] [Medline: 28323926]

6. Koivuaho E, Laru J, Ojaniemi M, Puukka K, Kettunen J, Tapanainen JS, et a. Age at adiposity rebound in childhood is
associated with PCOS diagnosis and obesity in adulthood-longitudinal analysis of BMI data from birth to age 46 in cases
of PCOS. Int JObes (Lond). 2019;43(7):1370-1379. [FREE Full text] [doi: 10.1038/s41366-019-0318-z] [Medline:
30718819]

7.  OllilaMME, Kaikkonen K, Jarvelin MR, Huikuri HV, Tapanainen JS, Franks S, et a. Self-reported polycystic ovary
syndrome is associated with hypertension: a Northern Finland birth cohort 1966 study. J Clin Endocrinol Metab.
2019;104(4):1221-1231. [FREE Full text] [doi: 10.1210/j¢.2018-00570] [Medline: 30445634]

8.  Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop group. Revised 2003 consensus on diagnostic criteria
and long-term health risksrelated to polycystic ovary syndrome (PCOS). Hum Reprod. 2004;19(1):41-47. [FREE Full text]
[doi: 10.1093/humrep/deh098] [Medline: 14688154]

9. TeedeHJ, Misso ML, Costello MF, Dokras A, Laven J, Moran L, et al. Recommendations from the international
evidence-based guideline for the assessment and management of polycystic ovary syndrome. Hum Reprod.
2018;33(9):1602-1618. [FREE Full text] [doi: 10.1093/humrep/dey256] [Medline: 30052961]

10. Amer SAKS, Li TC, Bygrave C, Sprigg A, Saravelos H, Cooke ID. An evaluation of the inter-observer and intra-observer
variability of the ultrasound diagnosis of polycystic ovaries. Hum Reprod. 2002;17(6):1616-1622. [FREE Full text] [doi:
10.1093/humrep/17.6.1616] [Medline: 12042287]

11. Bhide P, Homburg R. Anti-Miillerian hormone and polycystic ovary syndrome. Best Pract Res Clin Obstet Gynaecol.
2016;37:38-45. [doi: 10.1016/j.bpobgyn.2016.03.004] [Medline: 27103234]

12. Deb S, Jayaprakasan K, Campbell BK, Clewes JS, Johnson IR, Raine-Fenning NJ. | ntraobserver and interobserver reliability
of automated antral follicle counts made using three-dimensional ultrasound and SonoAV C. Ultrasound Obstet Gynecol.
2009;33(4):477-483. [FREE Full text] [doi: 10.1002/u0g.6310] [Medline: 19212944]

13. Dewailly D, Andersen CY, Balen A, Broekmans F, Dilaver N, Fanchin R, et a. The physiology and clinical utility of
anti-Mllerian hormone in women. Hum Reprod Update. 2014;20(3):370-385. [FREE Full text] [doi:
10.1093/humupd/dmt062] [Medline: 24430863]

14. Lujan ME, Chizen DR, Peppin AK, Dhir A, Pierson RA. Assessment of ultrasonographic features of polycystic ovariesis
associated with modest levels of inter-observer agreement. J Ovarian Res. 2009;2:6. [FREE Full text] [doi:
10.1186/1757-2215-2-6] [Medline: 19515259]

15. Lujan ME, Jarrett BY, Brooks ED, Reines JK, Peppin AK, Muhn N, et a. Updated ultrasound criteriafor polycystic ovary
syndrome: reliable thresholds for elevated follicle population and ovarian volume. Hum Reprod. 2013;28(5):1361-1368.
[FREE Full text] [doi: 10.1093/humrep/det062] [Medline: 23503943]

https://www.researchprotocols.org/2024/1/e48854 JMIR Res Protoc 2024 | vol. 13 | e48854 | p. 7
(page number not for citation purposes)


http://dx.doi.org/10.1038/nrendo.2018.24
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29569621&dopt=Abstract
http://dx.doi.org/10.1016/j.coemr.2020.02.014
https://academic.oup.com/jcem/article/106/3/e1071/5992309?login=false
http://dx.doi.org/10.1210/clinem/dgaa839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33211867&dopt=Abstract
https://europepmc.org/abstract/MED/17901517
http://dx.doi.org/10.1136/bmj.39335.462303.80
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17901517&dopt=Abstract
https://europepmc.org/abstract/MED/28323926
http://dx.doi.org/10.1210/jc.2016-3863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28323926&dopt=Abstract
https://europepmc.org/abstract/MED/30718819
http://dx.doi.org/10.1038/s41366-019-0318-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30718819&dopt=Abstract
https://europepmc.org/abstract/MED/30445634
http://dx.doi.org/10.1210/jc.2018-00570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30445634&dopt=Abstract
https://academic.oup.com/humrep/article/19/1/41/690226?login=false
http://dx.doi.org/10.1093/humrep/deh098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14688154&dopt=Abstract
https://europepmc.org/abstract/MED/30052961
http://dx.doi.org/10.1093/humrep/dey256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30052961&dopt=Abstract
https://academic.oup.com/humrep/article/17/6/1616/2919225?login=false
http://dx.doi.org/10.1093/humrep/17.6.1616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12042287&dopt=Abstract
http://dx.doi.org/10.1016/j.bpobgyn.2016.03.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27103234&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1002/uog.6310
http://dx.doi.org/10.1002/uog.6310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19212944&dopt=Abstract
https://academic.oup.com/humupd/article/20/3/370/731356?login=false
http://dx.doi.org/10.1093/humupd/dmt062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24430863&dopt=Abstract
https://ovarianresearch.biomedcentral.com/articles/10.1186/1757-2215-2-6
http://dx.doi.org/10.1186/1757-2215-2-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19515259&dopt=Abstract
https://academic.oup.com/humrep/article/28/5/1361/945015?login=false
http://dx.doi.org/10.1093/humrep/det062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23503943&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Piltonen et &

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

Subird J, Alberola-Rubio J, NUfiez MJ, Escrivda AM, Pellicer A, MontafianaV, et al. Inter-cycle and inter-observer variability
of the antral follicle count in routine clinical practice. Gynecol Endocrinol. 2017;33(7):515-518. [doi:
10.1080/09513590.2017.1291614] [Medline: 28277111]

Hillman SC, Dale J. Polycystic ovarian syndrome: an under-recognised problem?Br JGen Pract. 2018;68(670):244. [FREE
Full text] [doi: 10.3399/bjgp18X696101] [Medline: 29700037]

Gibson-Helm M, Teede H, Dunaif A, Dokras A. Delayed diagnosisand alack of information associated with dissatisfaction
in women with polycystic ovary syndrome. J Clin Endocrinol Metab. 2017;102(2):604-612. [FREE Full text] [doi:
10.1210/j¢.2016-2963] [Medline: 27906550]

IsmayilovaM, Yaya S. "I felt like she didn't take me seriously": a multi-methods study examining patient satisfaction and
experiences with polycystic ovary syndrome (PCOS) in Canada. BMC Womens Health. 2022;22(1):47. [EREE Full text]
[doi: 10.1186/s12905-022-01630-3] [Medline: 35197027]

Soucie K, Samardzic T, Schramer K, Ly C, Katzman R. The diagnostic experiences of women with polycystic ovary
syndrome (PCOS) in Ontario, Canada. Qual Health Res. 2021;31(3):523-534. [doi: 10.1177/1049732320971235] [Medline:
33213256]

Tomlinson J, Pinkney J, Adams L, Stenhouse E, Bendall A, Corrigan O, et a. The diagnosis and lived experience of
polycystic ovary syndrome: a qualitative study. J Adv Nurs. 2017;73(10):2318-2326. [doi: 10.1111/jan.13300] [Medline:
28329428]

Pellatt L, Hanna L, Brincat M, Galea R, Brain H, Whitehead S, et a. Granulosa cell production of anti-M{illerian hormone
isincreased in polycystic ovaries. JClin Endocrinol Metab. 2007;92(1):240-245. [ FREE Full text] [doi: 10.1210/jc.2006-1582]
[Medline: 17062765]

Visser JA, de Jong FH, Laven JSE, Themmen APN. Anti-Mllerian hormone: a new marker for ovarian function.
Reproduction. 2006;131(1):1-9. [FREE Full text] [doi: 10.1530/rep.1.00529] [Medline: 16388003]

Bell RJ, IsSam RM, Skiba MA, Herbert D, Martinez Garcia A, Davis SR. Substituting serum anti-Mllerian hormone for
polycystic ovary morphology increasesthe number of women diagnosed with polycystic ovary syndrome: acommunity-based
cross-sectiona study. Hum Reprod. 2021;37(1):109-118. [FREE Full text] [doi: 10.1093/humrep/deab232] [Medline:
34741176]

PFiltonen T, Morin-Papunen L, Koivunen R, Perheentupa A, Ruokonen A, Tapanainen JS. Serum anti-Millerian hormone
levels remain high until late reproductive age and decrease during metformin therapy in women with polycystic ovary
syndrome. Hum Reprod. 2005;20(7):1820-1826. [FREE Full text] [doi: 10.1093/humrep/deh850] [Medline: 15802325]
Anand S, Kumar A, Prasad A, Trivedi K. Updated meta-analysis on the diagnostic accuracy of serum anti-Mullerian
hormone in poly cystic ovary syndrome involving 13 509 subjects. J Obstet Gynaecol Res. 2022;48(8):2162-2174. [doi:
10.1111/j0g.15233] [Medline: 35394100]

DietzdeLoosA, Hund M, Buck K, Meun C, Sillman J, Laven JSE. Antimdillerian hormone to determine polycystic ovarian
morphology. Fertil Steril. 2021;116(4):1149-1157. [FREE Full text] [doi: 10.1016/j.fertnstert.2021.05.094] [Medline:
34579824]

LieFong S, Laven JSE, Duhamel A, Dewailly D. Polycystic ovarian morphology and the diagnosis of polycystic ovary
syndrome: redefining threshold levels for follicle count and serum anti-M(llerian hormone using cluster analysis. Hum
Reprod. 2017;32(8):1723-1731. [FREE Full text] [doi: 10.1093/humrep/dex226] [Medline: 28854584)]

Moolhuijsen LME, Visser JA. AMH in PCOS: controlling the ovary, placenta, or brain? Curr Opin Endocr Metab Res.
2020;12:91-97. [FREE Full text] [doi: 10.1016/j.coemr.2020.04.006]

Piltonen TT, Komsi E, Morin-Papunen LC, Korhonen E, Franks S, Jirvelin MR, et al. AMH as part of the diaghostic PCOS
workup in large epidemiological studies. Eur JEndocrinol. 2023;188(6):547-554. [FREE Full text] [doi:
10.1093/ejendo/lvad065] [Medline; 37294941]

Teede H, Misso M, Tassone EC, Dewailly D, Ng EH, Azziz R, et a. Anti-Miillerian hormone in PCOS: areview informing
international guidelines. Trends Endocrinol Metab. 2019;30(7):467-478. [FREE Full text] [doi: 10.1016/j.tem.2019.04.006]
[Medline: 31160167]

TeedeH, Misso M, Costello M, DokrasA, Laven J, Moran L, et a. on behalf of the International PCOS Network. International
evidence-based guideline for the assessment and management of polycystic ovary syndrome. Monash University on behal f
of the NHMRC, Centre for Research Excellence in PCOS and the Australian PCOS Alliance 2018. Melbourne, VIC,
Australia;; 2018. URL : https://www.monash.edu/__data/assets/pdf_file/0004/1412644/PCOS Evidence-Based-
Guidelines 20181009.pdf [accessed 2023-12-06]

Dréno B, Poli F, Pawin H, Beylot C, Faure M, Chivot M, et al. Development and evaluation of a Global Acne Severity
Scale (GEA Scale) suitable for France and Europe. J Eur Acad Dermatol Venereol. 2011;25(1):43-48. [doi:
10.1111/j.1468-3083.2010.03685.x] [Medline: 20456560]

Method sheet: elecsys AMH plus. Roche Diagnostics GmbH. Mannheim, Germany.; 2021.

Biniasch M, Laubender RP, Hund M, Buck K, De Geyter C. Intra- and inter-cycle variability of anti-Mllerian hormone
(AMH) levelsin healthy women during non-consecutive menstrual cycles: the BICY CLE study. Clin Chem Lab Med.
2021;60(4):597-605. [FREE Full text] [doi: 10.1515/cclm-2021-0698] [Medline: 34717057]

https://www.researchprotocols.org/2024/1/e48854 JMIR Res Protoc 2024 | vol. 13 | e48854 | p. 8

(page number not for citation purposes)


http://dx.doi.org/10.1080/09513590.2017.1291614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28277111&dopt=Abstract
https://bjgp.org/lookup/pmidlookup?view=long&pmid=29700037
https://bjgp.org/lookup/pmidlookup?view=long&pmid=29700037
http://dx.doi.org/10.3399/bjgp18X696101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29700037&dopt=Abstract
https://europepmc.org/abstract/MED/27906550
http://dx.doi.org/10.1210/jc.2016-2963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27906550&dopt=Abstract
https://bmcwomenshealth.biomedcentral.com/articles/10.1186/s12905-022-01630-3
http://dx.doi.org/10.1186/s12905-022-01630-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35197027&dopt=Abstract
http://dx.doi.org/10.1177/1049732320971235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33213256&dopt=Abstract
http://dx.doi.org/10.1111/jan.13300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28329428&dopt=Abstract
https://academic.oup.com/jcem/article/92/1/240/2598594?login=false
http://dx.doi.org/10.1210/jc.2006-1582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17062765&dopt=Abstract
https://rep.bioscientifica.com/view/journals/rep/131/1/1310001.xml
http://dx.doi.org/10.1530/rep.1.00529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16388003&dopt=Abstract
https://academic.oup.com/humrep/article/37/1/109/6422202?login=false
http://dx.doi.org/10.1093/humrep/deab232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34741176&dopt=Abstract
https://academic.oup.com/humrep/article/20/7/1820/2356533?login=false
http://dx.doi.org/10.1093/humrep/deh850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15802325&dopt=Abstract
http://dx.doi.org/10.1111/jog.15233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35394100&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0015-0282(21)00447-7
http://dx.doi.org/10.1016/j.fertnstert.2021.05.094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34579824&dopt=Abstract
https://academic.oup.com/humrep/article/32/8/1723/3884469?login=false
http://dx.doi.org/10.1093/humrep/dex226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28854584&dopt=Abstract
https://www.sciencedirect.com/science/article/pii/S2451965020300405?via%3Dihub
http://dx.doi.org/10.1016/j.coemr.2020.04.006
https://academic.oup.com/ejendo/article/188/6/547/7193320?login=false
http://dx.doi.org/10.1093/ejendo/lvad065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37294941&dopt=Abstract
http://hdl.handle.net/10044/1/71550
http://dx.doi.org/10.1016/j.tem.2019.04.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31160167&dopt=Abstract
https://www.monash.edu/__data/assets/pdf_file/0004/1412644/PCOS_Evidence-Based-Guidelines_20181009.pdf
https://www.monash.edu/__data/assets/pdf_file/0004/1412644/PCOS_Evidence-Based-Guidelines_20181009.pdf
http://dx.doi.org/10.1111/j.1468-3083.2010.03685.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20456560&dopt=Abstract
https://www.degruyter.com/document/doi/10.1515/cclm-2021-0698
http://dx.doi.org/10.1515/cclm-2021-0698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34717057&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Piltonen et &

36.

37.

38.

39.

40.

Piltonen T, Komsi R, Morin-Papunen L, Korhonen E, Franks S, Jarvelin MR, et al. AMH as a surrogate for PCOM: the
usability of biological variablesto diagnose PCOS in a popul ation-based data set [Abstract no. O14]. Presented at: Paula
Rantakallio Symposium on Birth Cohorts and Longitudinal Studies; June 15-17, 2022; Oulu, Finland.

Lim SS, Davies MJ, Norman RJ, Moran LJ. Overweight, obesity and central obesity in women with polycystic ovary
syndrome: a systematic review and meta-analysis. Hum Reprod Update. 2012;18(6):618-637. [FREE Full text] [doi:
10.1093/humupd/dms030] [Medline: 22767467)

Moorthy RS. Transvaginal sonography. Med J Armed Forces India. 2000;56(3):181-183. [doi:
10.1016/s0377-1237(17)30160-0]

Piltonen TT, Arffman RK, Joham AE. Natural history of polycystic ovary syndrome and new advancesin the epidemiol ogy.
Semin Reprod Med. 2021;39(3-04):94-101. [doi: 10.1055/s-0041-1735211] [Medline: 34464984]

Women'’s health study (WENDY) - a protocol of a population-based study assessing gynecological and metabolic health
in women. University of Oulu. URL: https.//www.oulu.fi/en/university/faculties-and-units/faculty-medicine/
northern-finland-birth-cohorts-and-arctic-biobank/womens-health-study [accessed 2024-01-12]

Abbreviations

AFC: antra follicle count

AMH: anti-Mdllerian hormone

HA: hyperandrogenism

HARMONIA: Human Anti-Millerian Hormone for Diagnosis of PCOS
NFBC: Northern Finland Birth Cohort

OA: oligoanovulation or anovulation

PCOM: polycystic ovarian morphology

PCOS: polycystic ovary syndrome

TVUS: transvaginal ultrasound

Edited by A Mavragani; submitted 09.05.23; peer-reviewed by M Forslund, J Melin, E Elenis; comments to author 21.09.23; revised
version received 10.11.23; accepted 23.11.23; published 06.02.24

Please cite as.

Piltonen TT, Allegranza D, Hund M, Buck K, Sliman J, Arffman RK

Validation of an Anti-Miillerian Hormone Cutoff for Polycystic Ovarian Morphology in the Diagnosis of Polycystic Ovary Syndrome
in the HARMONIA Sudy: Protocol for a Prospective, Noninterventional Study

JMIR Res Protoc 2024;13:e48854

URL.: https://www.researchprotocols.org/2024/1/e48854

doi: 10.2196/48854

PMID:

©Terhi T Piltonen, Deirdre Allegranza, Martin Hund, Katharina Buck, Johanna Sillman, RiikkaK Arffman. Originally published
in IMIR Research Protocols (https://www.researchprotocols.org), 06.02.2024. This is an open-access article distributed under
thetermsof the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the origina work, first published in IMIR Research Protocols, is
properly cited. The complete bibliographic information, alink to the origina publication on https://www.researchprotocols.org,
aswell asthis copyright and license information must be included.

https://www.researchprotocols.org/2024/1/e48854 JMIR Res Protoc 2024 | vol. 13 | e48854 | p. 9

RenderX

(page number not for citation purposes)


https://academic.oup.com/humupd/article/18/6/618/628147?login=false
http://dx.doi.org/10.1093/humupd/dms030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22767467&dopt=Abstract
http://dx.doi.org/10.1016/s0377-1237(17)30160-0
http://dx.doi.org/10.1055/s-0041-1735211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34464984&dopt=Abstract
https://www.oulu.fi/en/university/faculties-and-units/faculty-medicine/northern-finland-birth-cohorts-and-arctic-biobank/womens-health-study
https://www.oulu.fi/en/university/faculties-and-units/faculty-medicine/northern-finland-birth-cohorts-and-arctic-biobank/womens-health-study
https://www.researchprotocols.org/2024/1/e48854
http://dx.doi.org/10.2196/48854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

