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Abstract

Background: Antimdiillerian hormone (AMH) is a glycoprotein hormone mainly studied for its
regulatory role in male sex differentiation. In both sexes AMH is secreted in serum and represents a
specific marker of spermatogenesis in men and ovarian reserve in women. In order to substitute our
current assay to measure serum AMH with a new assay to make easier laboratory routine and
providing more reproducible and accurate results, the evaluation of a fully automated CLIA assay
was performed. Methods: AMH Gen II ELISA assay is an enzymatically amplified two-site manual
immunoassay and Access AMH assay is a highly automated CLIA. To compare methods, 154 serum
samples covering the range of values clinically observable, were used. Data statistical analysis was
performed. The Access AMH assay was also partially validated by linear dilution analysis, matrix
effect analysis and LoQ determination. Results: Compared methods showed good relationship with
a slight constant and proportional but not significant systematic error, and very similar results were
obtained at all analyzed concentrations. The new method showed good linearity over a wide range
of dilutions, matrix effect was insignificant and the LoQ was set to 0.01 ng/mL, in line with
manufacturer claim. Conclusions: The fully automated Access AMH immunoassay represents a
robust, fast and precise alternative to manual AMH assay with improvement in evaluation of serum
AMH levels in terms of analytical performances.

Keywords: Anti-Miillerian hormone; CLIA assay; ELISA assay; Laboratory methods comparison;
Linear relationship

Introduction

Anti-Miillerian hormone is a member of the TGF-f superfamily acting on tissue growth and
differentiation. It is synthesized as a glycosylated pre-pro-protein of 560 amino acids that undergoes
the removal of the first 24 amino acids forming the pro-peptide (pro-AMH) not able to activate AMH
receptors. After an enzymatic cleavage of pro-AMH, a C-terminal portion of 25kDa (AMHc) and a N-
terminal portion of 120kDa (AMHN) are obtained and remain associated to generate the bioactive
complex AMHNn.c [1,2]. Recently, has been demonstrated that both pro-AMH and AMHn~c circulate
in the blood in approximately equal amounts, while there is no evidence of the two separate entities
in the circulation [1]

AMH was originally identified for its basilar role in male sex differentiation. In fact, the hormone
produced by Sertoli cells of foetal testis induces the regression of Mullerian ducts and prevent their
evolution in typical female sexual organs by acting in a paracrine/autocrine way [3]. In male, AMH
remains secreted at high level until puberty while in adults its level decreased dramatically but it
continues to exert paracrine control of testicular function. In women, AMH is produced by ovary
granulosa cells of growing pre-antral and antral follicles, but not from the primordial follicles, and
the main physiological role seems to be limited to the inhibition of the early stages of follicular
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development [4]. In both sexes AMH is secreted in serum and represents a specific marker of Sertoli
cell function and spermatogenesis in men, and a clinical marker of ovarian reserve and response to
gonadotrophins especially in women who undergo IVF treatments [4,5]. The levels of AMH
diminish markedly in boys as they approach puberty, while ovarian production being initiated in
young girls, after which it slowly rises as they mature, so young men and women have similar levels
of AMH. In women, the levels of AMH decline as ovarian reserve diminishes reaching values close
to zero at the time of menopause [6]. Physiological variations in AMH levels are a function of both
sex and age, do not exhibit circadian fluctuation and remain stable throughout the menstrual cycle
[7]. However, the measurement of AMH represents not only a marker of reproductive status in male
and female, but abnormal levels can be found in a wide spectrum of diseases in both sexes [8-14].

Acknowledged the clinical importance of AMH evaluation in serum, in recent years a rapid
development of AMH assays has occurred. The most commonly used methodology for AMH
measurement in clinical laboratory is the Beckman Coulter AMH Gen II ELISA assay, an
enzymatically amplified two-site manual microplate immunoassay using two antibodies directed
against epitopes in mature AMH~c and in proAMH molecules [15]; the latter two entities are
measured in a similar but not identical manner, while the two separate entities AMHcand AMHNx are
not measured [16]. The protocol was revised in 2013 due to falsely low readings [15]. This
immunoassay was widely used in clinical laboratories all over the world not only for diagnostic
purposes but also for producing numerous publications in prestigious scientific reviews and made
AMH one of the most significant new marker in reproductive endocrinology. Despite this, manual
ELISA techniques are laborious and time consuming and results may be influenced by handling
practices. For this reason, many efforts have been made to develop a fully automated assay supplying
more reproducible and accurate results [17]. In 2014 Beckman Coulter announced the release of a new
automated assay for AMH measurement to be used on Access Immunoassay System (Access AMH
assay) employing identical antibodies and calibrators to those of AMH Gen II ELISA assay. Analytical
and technical performances of Access AMH assay were the subject of some recent scientific
publications [17-20] in which intra- and inter-assay precision, sensitivity, linearity, repeatability and
imprecision were evaluated.

In order to substitute our current assay to measure serum AMH with the new assay to make
easier laboratory routine and providing more reproducible and accurate results, the evaluation of the
fully automated CLIA assay was performed by using 154 serum samples covering the whole
measurable interval and the range of clinically observable values. In the present study we reported
our experience in the comparison of results obtained with AMH Gen II ELISA assay and Access AMH
assay. Moreover, we checked LoQ manufacturer claim.

Materials and Methods

Serum Samples Collection

A total of 154 serum samples from randomized females to whom AMH test was prescribed and
who referred to the hospital laboratory of endocrinology, were selected and AMH was routinely
determined by AMH Gen II ELISA assay. Samples were preserved at -20°C until AMH evaluation
was also performed by using Access AMH assay.

AMH Measurement by AMH Gen II ELISA Assay

AMH measurements in our lab are routinely performed by using AMH Gen II ELISA assay
(Beckman Coulter Diagnostics, Brea, CA, USA) on Grifols Triturus ELISA instrument, according to
the manufacturer’s instructions which also reported performances of the assay.

AMH Measurement by Access AMH Assay
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AMH measurements were also performed by using Access AMH assay on Beckman Coulter
UniCel DxI 600 automated platform (Beckman Coulter Diagnostics, Brea, CA, USA) according to the
manufacturer’s instructions which also reported performances of the assay.

Statistical Analysis and Method Comparison

Statistical analysis of results was carried out using the MedCalc statistical software for
biomedical research version 13.3.0.0 (MedCalc Software, Ostend, Belgium, https://www.medcalc.org)
as previously described [21].

Method comparison was performed by using Passing-Bablok regression non-parametric
analysis with a Confidence Interval (CI) of 95% [22,23] and Bland-Altman analysis with a CI of 95%
[24].

Scalar Dilution of Access AMH Assay

To validate Access AMH specificity and accuracy a serum sample with an AMH concentration
of 58 ng/mL was selected to perform the scalar dilution test. The sample was analyzed neat and
diluted 1:2, 1:4, 1:8, 1:16, 1:32, 1:64, 1:128, 1:256, 1:512 and the dilution curve was constructed. For
each sample, the % change in concentration from the previous dilution was determined. Dilutional
linearity was considered acceptable if the analyte concentration corrected for the dilution factor
varied no more than 80-120% between doubling dilutions [25]. Verification of calibrator dilution was
also performed by diluting the highest calibrator in sample diluent provided by manufacturer.

Matrix and Calibration Comparison

Serum and lithium heparin plasma are the recommended samples in both Access AMH and
AMH Gen II assays, and both assays use the same antibodies and calibrators. However, to asses a
possible matrix effect, calibrators were assayed mutually as samples in both analytical systems and
the recovery was evaluated. Based on intended use of the assay, a recovery set to + 20% with respect
to the nominal concentration is considered acceptable.

Limit of Quantitation (LoQ) of Access AMH Assay

The limit of quantification was determined according to the EP 17-A2 guidelines, using five
serum samples with very low AMH concentration (0.01, 0.02, 0.03, 0.05, 0.07 ng/mL), 2 reagent lots
with 10 replicates per sample [26]. Considering pre-defined goals for bias and imprecision, the LoQ
was defined as the concentration that results in a CV <20%.

Ethical Approval

Having performed the research on pre-existing serum samples referred for routine AMH
determination, no institutional review board approval was necessary. However, the laboratory is in
possession of a certificate of approval by the ethics committee for the use for scientific purposes of
serum samples destined for disposal (CEAVNO, protocol n. 16726, 27/03/2018). Informed consent
was obtained by all subjects enrolled in the study. The research has been carried out in accordance
with The Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments
involving humans.

Results

The Access AMH assay and the manual AMH Gen II assay displayed a good/strong correlation
as shown by Spearman correlation coefficient of 0.988. The non-parametric Passing-Bablok regression
analysis, y=0.0377619+0.838096x, highlighted a slight constant and proportional systematic error as
documented by 95% CI for intercept and slope of 0.01838-0.05954 and 0.8165-0.8599 respectively
(Figure 1). The applicability of Passing-Bablok analysis was tested with Cusum testing, indicating no
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significant deviation from linearity (P=0.30), furthermore residual plots (graphs not shown)
representing the distribution of differences around fitted regression line, showed that residuals are
randomly distributed above and below regression line, with a dispersion that slightly increases with
analyte rising concentrations measured with the AMH Gen II ELISA assay (data not shown).
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Figure 1. Passing-Bablok regression curve. The equation of Passing-Bablok regression line is y = 0.0377619 +
0.838096x with a CI 95% for intercept of 0.01838/0.05954 and a CI 95% for slope of 0.8165/0.8599. Spearman rank
correlation coefficient = 0.988.

Bland-Altman analysis for comparison between Access AMH assay and AMH Gen II assay
displayed a mean bias of 1 unit and an agreement range from -5.4 and 7.4 units (Figure 2). Moreover,
we also observed for the current method a general tendency to slightly overestimate results with
respect to the new method, that is more evident at the higher concentrations of analyte (Figure 3).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.2468.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 July 2025 d0i:10.20944/preprints202507.2468.v1

5 of 10
35 o
30
25
20
15
00
101 +1.96 SD
5 — & OOO o 794
_@ o Mean
0 © 1,0
5k -1.96 SD
5,4
-10 [ ] ] ] ] ] ] ] ] ] ] ] ]
0 20 40 60 80 100 120

Mean of AMH Gen II ELISA (ng/mL) and Access AMH (ng/mL)

Figure 2. Bland-Altman plot. The differences between observation pairs are plotted against their mean and the

average of the differences (bias) and its 95% confidence limit lines are drawn on the same plot.
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Figure 3. Linear dilution curve. Linearity was verified in the range of dilutions from 1:2 to 1:512 starting from a
sample with AMH concentration of 58 ng/mL. In the upper panel the graph of linear dilution of the highest
calibrator.

In Figure 3 results of dilution linearity test are shown. Up to 1:512 dilution of a sample with
starting concentration of 58 ng/mL. AMH, the obtained values corrected for dilution factor were
within 120% of the whole sample (Table 1), and similar linearity characteristics after dilution were
obtained for the highest calibrator (24 ng/mL) of Access AMH assay (Figure 3). A good linearity over
a wide range of dilutions was showed from the new method that resulted reliable to measure samples
with very different concentrations of AMH. In other words, a strong dilution of samples with high
levels of analyte can be made having the certainty that values obtained fall within the range of the
standard curve, maintaining the accuracy and precision of the method.

Table 1. Expected and observed values after serial dilution of a high AMH concentration sample. The new

method showed a good linearity over a wide range of dilutions.

Dilution Expected | Observed value | % change in concentration
factor (DF) value xDF (pg/mL) from previous dilution
neat 58 57 100
1:2 29 32 112
1:4 14.50 15.49 97
1:8 7.25 7.40 96
1:16 3.63 4.00 108
1:32 1.81 1.84 92
1:64 0.91 1.08 117
1:128 0.45 0.49 91
1:256 0.23 0.23 94
1:512 0.11 0.12 104

A recovery of +20% was observed for each calibrator mutually assayed as a sample in both

analytical systems (data not shown) excluding a relevant matrix effect.

Access AMH assay’s manufacturer declared, on the basis of EP17-A2 guidelines [26], a LoB value
of 0.0024 ng/mL, a LoD value corresponding to analytical sensitivity of 0.0049 ng/mL and a LoQ
value representing the functional sensitivity of 0.01 ng/mL. For all five samples with low AMH
concentration CV% values were well below 20%, ranging from 3.0 to 4.2%. The LoQ value was set to
0.01 ng/mL in line with what stated by manufacturer.

Discussion

AMH is a dimeric glycoprotein hormone belonging to TGF-f family which owes the name to its
function to determine the regression of Miillerian ducts during early male intrauterine life. On the
contrary, in female the absence of AMH allows the Miillerian ducts to evolve in the typical sexual
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organs. Serum AMH concentrations in males are high until puberty and then decrease slowly to
residual adult levels, while in females AMH levels increase gradually until puberty and remains
relatively stable during the reproductive period becoming not determinable in menopause [3-6].

The primary utility of AMH serum evaluation was to diagnose pediatric disorders such as male
testicular function, ambiguous genitalia and precocious or delayed puberty. Only over the last
decade, AMH measurements were acknowledged essential to evaluate ovarian reserve to predict
response to controlled ovarian stimulation in women with infertility problems. In fact, serum
concentrations of AMH in adults represent a clinical marker of ovarian reserve and reproductive
capacity in women and a specific marker of Sertoli cell function and spermatogenesis in men. In
particular in women, AMH levels correlate very well with the number of ovarian follicles potentially
capable of maturation, resulting very useful in assisted reproductive medicine practice. Moreover,
AMH represents a marker in some pathological conditions such as PCOS in which its elevated levels
are due to accumulation of small antral follicles, and an estimate of time of menopause onset [9-13].

Given the clinical importance of measuring AMH levels in serum, a large number of
immunometric assays were developed in recent years. As mentioned above, AMH Gen II ELISA
assay is one of the first manual and probably the most used assay in endocrinology laboratories.
Despite critical issues of this dosage due mainly to specific storage and assay conditions [27-29], it is
recognized as the current clinical standard assay having made possible the large-scale AMH
measurement, thus making it a reliable and easily measurable marker of ovarian function [17]. No
international standard recognized in agreement with the International Federation of Clinical
Chemistry is currently available, and calibrators prepared with human recombinant total AMH
supplied with this assay make patient results particularly accurate and reliable. However, the use
of manual assays is restricted by low throughput and variability due to technician handling, so the
use of an alternative fully automated system could be desirable.

Recently, Beckman Coulter released Access AMH assay, a new automated assay for AMH
measurement to be used on Access Immunoassay System employing identical antibodies and
calibrators to those of AMH Gen II ELISA assay. For Access AMH assay a LoB of 0.0024 ng/mL, a
LoD of 0.0049 ng/mL and a LoQ of 0.010 ng/mL are reported. Total imprecision ranges from 2.4 and
5.2 % with an excellent linearity in the measuring range. Finally, Access AMH assay supplies
consistent and standardized results with AMH Gen II assay with which strongly correlates as
demonstrated by the Spearman’s correlation coefficient of 0.988 [17]. The new method demonstrated
excellent analytical performance and represents a robust, fast and precise alternative to manual assay.

In order to adopt the Access AMH assay for the routine purposes of our lab, results obtained
with this assay were compared with those obtained with the current manual AMH Gen II assay. The
two methods showed a strong relationship with Spearman correlation coefficient of 0.99 and
Passing-Bablock regression and Bland-Altman analysis showed a nearly negligible systematic error.

Results from literature clearly demonstrate that Access AMH assay is superior to manual AMH
assay and is suitable for implementation routine practices [17-20]. This fully automated assay
showed, in method comparison studies, a high correlation with the manual assay in the presence of
an excellent analytical sensitivity documented by a LoQ of 0.01 ng/mL [17]. Despite some recent
studies suggested that AMH may be prone to preanalytical instability [29], highly stable AMH values
were obtained under room temperature, refrigerated and frozen conditions by using Access AMH
assay [17]. For automated Access AMH assay an assay-specific reference interval was reported taking
also into account male Tanner stages describing the onset and progression of pubertal changes [17]
This reference range was adopted by our lab after switching to the automated assay.

In conclusion, our data obtained in method comparison studies are in good agreement with what
reported in the literature, making us to conclude that the automatic assay represents a robust, fast
and precise alternative to manual AMH assay with improvement in evaluation of serum AMH levels
in terms of analytical performances.
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