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Abstract

Objective: We aimed to identify the factors that influence serum anti-Millerian hormone
(AMH) concentration measurements.

Methods: We collected serum samples between May and September 2018 and compared the
effect on AMH concentration measured by ELISA of conditions including venepuncture, storage
time, storage temperature, locations of the reaction microplate, and the use of the oral contra-
ceptive pill and gonadotrophin-releasing hormone (GnRH).

Results: AMH concentration was not affected by food intake but was affected by haemolysis. It
was also much higher in samples on the edge of the ELISA microtitre plate. AMH concentration
increased after incubation at room temperature for | day, 4°C for 3 days, —20°C for | month and
—40°C for 4 months, but no change occurred during storage at —80°C for 9 months. AMH
concentration was high in patients following GnRH agonist treatment but was not affected by oral
contraceptives.

Conclusions: No fasting is required prior to AMH measurement. Placement of serum samples
on the edge of microtitre plates affects the results of the AMH ELISA. If serum samples cannot be
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assayed immediately, it is best to store them at —80°C. Basal AMH concentration cannot be used
as a measure of ovarian reserve after GnRH agonist treatment.
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Introduction

Anti-Miillerian hormone (AMH) is a
member of the transforming growth
factor-beta superfamily,’ which has roles
in tissue differentiation and growth. After
puberty, AMH 1is produced by primary
ovarian follicles, and this production is
maximal in small antral follicles and prean-
tral structures, but subsequently wanes until
ovulation.” However, AMH is produced
fairly consistently over the menstrual
cycle.® The in-depth study of AMH has
led to the development of numerous clinical
applications of the measurement of serum
AMH concentration.* To date, AMH
measurements have been used for human
fertility counselling,” the prediction of men-
opause,’ the diagnosis of polycystic ovarian
syndrome (PCOS),”® the prediction of the
response to ovarian stimulation®'® and as a
prognostic  marker for  endometrial
cancer.!! Thus, serum AMH concentration
can be used to confirm clinical diagnoses
and guide personalised therapy. Therefore,
the accurate measurement of AMH concen-
tration is important for clinicians.
However, although most of the current
methods for the measurement of AMH con-
centration are based on enzyme-linked
immunosorbent assay (ELISA),'? differen-
ces between the methods are associated with
differing results for a given sample.'*'* In
addition, there are numerous smaller

hospitals and reproductive medicine centres
worldwide, at which AMH concentrations
may not be able to be measured
immediately.

In the present study, we aimed to identify
the factors that influence the measured
serum AMH concentration to recommend
a standardised procedure for the clinical
measurement of serum AMH concentra-
tion. To this end, we measured serum
AMH under various conditions, including
fasting, haemolysis, various storages tem-
peratures, various storage times, differing
position on the assay microplate, and in
samples from patients who were using the
contraceptive pill or had recently been
administered a GnRH agonist (GnRH-a).
We hope that this work will provide a the-
oretical basis for clinicians to assess their
patients’ conditions using their circulating
AMH concentrations.

Materials and methods

Patients

The sample size was determined as previ-
ously described.'*!* Female patients who
participated in in vitro fertilisation (IVF)
between May and September 2018 at the
Reproductive Medicine Centre of the
General Hospital of Ningxia University of
Medicine were enrolled in the study. The
age of the participants was 20 to 30 years
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and they had normal ovarian function; the
infertility was the result of problems associ-
ated with their male partner. The study was
approved by the Institutional Review
Board of the General Hospital of Ningxia
University of Medicine and written
informed consent was obtained from each
of the participating couples. The exclusion
criteria were PCOS; rheumatoid arthritis;
abnormal blood lipid profile, bilirubin con-
centration, haemoglobin concentration or
haematological disease; and the use of a ste-
roid hormone-derived drug within the pre-
ceding 3 months.

Sample processing

A fasting venous blood sample was collect-
ed from each participant. Half of each
sample was placed into a condensation
tube and left at room temperature for

Patients

!

30 minutes, after which it was centrifuged
at 1260 x g for 10 minutes, and the separat-
ed serum was aliquoted for later assay. The
other half of each sample was haemolysed
by subjecting it to an overnight freeze—thaw
cycle, after which it was centrifuged in the
same way. A further blood sample was col-
lected from each participant 2 hours after
eating or drinking water, and this was proc-
essed in the same way. The experimental
design is shown in Figure 1. Fasting non-
haemolysed serum was stored at several dif-
ferent temperatures for several periods of
time, and was analysed in two locations
on the assay microplate to identify the fac-
tors influencing the measured serum AMH
concentration. To determine the effect of
position on the microplate, a centre posi-
tion was compared with an edge position.
Some of the participants were taking the
oral contraceptive pill (OCP; drospirenone

1
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Figure |. Flow chart of the comparisons made in the present study.
OCP, oral contraceptive pill; GnRH-a, gonadotrophin releasing hormone agonist; RT, room temperature; d,
day(s); m, month(s). “A” numbers reflect samples placed in the centre of the microplate and “B” numbers

samples at the edge of the microplate.
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or ecthinyloestradiol) over 28-day cycles,
and AMH concentration was measured on
the third day of the next menstrual cycle.
For participants who had been adminis-
tered a GnRH-a, AMH concentration was
measured on the third day of menstruation
and 14 days after the end of the GnRH-a
course.

AMH analysis

We used the AMH Gen II ELISA assay,
reagent (KR-AMH-001) and Automatic
ELISA workstation (DS2) (Guangzhou
Kangrun Biological Technology Co., Ltd,
Guangzhou, China). The AMH assay was
performed in triplicate, in strict accordance
with the procedure recommended by the
manufacturer.

Statistical analysis

Data were analysed using SPSS 17.0 (SPSS,
Chicago, IL, USA) or Prism 7.0 (GraphPad
software, San Diego, CA, USA) and are
expressed as means + standard deviations
(SDs). Each measurement was performed
in triplicate. Analysis of variance, followed
by the least significant difference test, was
used to evaluate differences between multi-
ple groups and the effect of position on the
microplate was evaluated using a paired
t-test. P <0.05 was considered to represent
statistical significance.

Results

Comparisons of measured AMH
concentration between non-haemolysed
and haemolysed samples, and between
samples collected under fasting and
non-fasting conditions

We recruited 155 patients. The measured
AMH concentration did not differ
between samples collected after fasting
(5.753+0.266 ng/mL), postprandially

(5.623 £0.542ng/mL) and after drinking
water (5.749 £0.612ng/mL). Irrespective
of whether the samples were collected
after fasting or after a meal, the AMH con-
centration in haemolysed samples was
higher than those in non-haemolysed
samples (P < 0.05). However, there was no
significant difference between the concen-
trations before and after a meal when the
samples were haemolysed (Figure 2a).

The position of the serum sample on the
assay microplate affects the measured
AMH concentration

The measured AMH  concentration
depended on the site of the serum sample
on the assay microplate. The placement of
the samples was as shown in Figure 1. The
“A” samples were placed in the centre of
the plate and the “B” samples were placed
on the edges of the plate. The measured
AMH concentration in the centre was
5.46 +1.56 ng/mL and that on the edge of
the plate was 7.70 +2.17ng/mL (P <0.01)
(Figure 2b, ¢).

Storage time and temperature affect the
accuracy of the measurement of AMH
concentration

The AMH concentration increased progres-
sively with storage time and temperature.
When the serum samples were stored at
room temperature (RT) or 4°C for 1 or 3
days, the measured AMH concentration
was significantly higher than in fresh sam-
ples (P <0.05). There was no significant
increase in AMH concentration when the
samples were stored at —20°C for 1 week,
but it was significantly higher after 1 month
and 4 months of storage at —20°C or
—40°C (P <0.05). However, there was no
difference in the AMH concentration
when the samples were stored at —80°C
for 6 or 9 months (Figure 3).
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Figure 2. Effects of fasting, haemolysis and position on the microtitre plate on the measured AMH

concentration. (a) AMH concentration in non-haemolysed and haemolysed samples (n =85 per condition)
collected under fasting and non-fasting conditions. *P < 0.05 vs. fasting/non-haemolysed samples (Student’s
t-test). (b, ) AMH concentrations in samples placed in the centre or at the edge of the ELISA microplate
(n =36 per location). **P < 0.01 (paired t-test). The data are presented as the mean = SEM of at least three

independent replicates.
AMH, anti-Miillerian hormone.

Effects of contraceptives and GnRH
agonists on the measured AMH
concentration

The measured AMH concentrations in sam-
ples from participants who were undergoing
GnRH-a treatment (n=35 participants)
were higher than in those who were not
(P<0.05). However, OCP use (n=35 par-
ticipants) did not affect the measured AMH
concentration (Figure 4).

Discussion

AMH concentration shows little variation
within and between menstrual cycles, and
can therefore be assessed throughout at

any stage of the cycle.'® The measurement
of AMH concentration is becoming a
highly useful tool in clinical medicine. It is
not only a sensitive marker of ovarian
reserve, but also facilitates the early diagno-
sis and the prediction of the recurrence of
many tumours.'”'® In addition, it is a pre-
dictor of the final menstrual period.'® For
IVF, AMH is a superior predictor of live
birth than follicle-stimulating hormone.*
Therefore, the accuracy of the results of
AMH assays is critical for appropriate
decision-making by clinicians. Guidance
for the measurement of AMH concentra-
tion suggests that serum AMH is unstable
under certain storage and handling condi-
tions, which implies that these factors might
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Figure 3. Effects of storage time and temperature on the measured AMH concentration. AMH concen-
tration in samples stored at (a) RT, (b) 4°C, (c, d) —20°C, (e) —40°C and (f) —80°C. (g—i) The measured
AMH concentration increased progressively with the duration of storage. N =285 for each set of experi-

ments. ANOVA was used to assess the differences between the groups. The red boxes represent P < 0.05 vs.

samples tested immediately.

AMH, anti-Miillerian hormone; RT, room temperature; d, day(s); m, month(s).

affect the measured concentrations.
Furthermore, the use of the OCP is wide-
spread, including for the treatment of
PCOS.?' In women who participate in
IVF, the administration of a GnRH-a is
associated with a higher pregnancy rate.*?
Finally, the measurement of AMH concen-
tration is considered to be a reliable means
of assessing ovarian reserve.”® Therefore, in
the present study, we determined whether
the OCP or GnRH-a affect the serum
AMH concentration.

We first measured the AMH concentra-
tions of serum samples collected under fast-
ing and non-fasting conditions, and found
no significant difference. This implies that
eating and drinking water have no effect on

the serum AMH concentration. This is
important because it means that patients
with hypoglycaemia, such as those with dia-
betes, who may suffer severe adverse effects
if they fast,”* do not need to do so prior to
the measurement of serum AMH concen-
tration. Furthermore, this renders the mea-
surement easier and more acceptable for
patients in general.

Haemolysed samples are quite frequently
obtained in the clinic, and haemolysis
affects  several clinical parameters.”’
Although laboratory instruments are rou-
tinely equipped with systems that automat-
ically detect and correct for the effects of
haemolysis. It has been shown that the
majority of errors in laboratory medicine
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Figure 4. Effects of taking the OCP or recent GnRH-a administration on the measured AMH concen-
tration. n = 35 participants took each of these types of medication *P < 0.05 (Student’s t-test). The results of
at least three independent experiments per group are shown.

AMH, anti-Miillerian hormone; OCP, oral contraceptive pill; GnRH-a, gonadotrophin releasing hormone

agonist.

occur in the extra-analytical phases of the
testing process, and especially in the pre-
analytical phase.”® Haemolysis can occur
for non-biological reasons, during sample
collection and handling, including from
traumatic venepuncture, sample collection
using inappropriate materials, inappropri-
ate sample handling, inadequate storage
conditions and re-centrifugation.”’” To
date, there have been no studies of the
effect of haemolysis on serum AMH con-
centration.”® In the present study, we have
shown that the measured AMH concentra-
tion significantly differs between haemo-
lysed and non-haemolysed samples.
However, in the haemolysed samples,
there was no significant difference between
samples collected under fasting and non-
fasting conditions. The effect of haemolysis
appears to be approximately linearly related
to the final concentration of lysed erythro-
cytes in the sample. However, heteroge-
neous and unpredictable effects of
haemolysis have been shown with respect
to diverse parameters, which prevents the
adoption of statistical means of correcting

measured values according to the degree of
haemolysis.>> In addition, the results of a
previous study indicate that repeated fist
clenching and unclenching during vene-
puncture may trigger acute changes in sev-
eral routine clinical chemistry parameters,”
which may be the result of muscle contrac-
tions, haemolysis or both. Therefore, vene-
puncture should be performed without fist
clenching.

The present findings indicate that blood
sampling and the storage and transporta-
tion of the samples must be performed
appropriately. This is the first study to
determine the influence of the position of
the serum sample on the ELISA microplate
on the measured AMH concentration. An
“edge effect” is present if the colour of
peripherally located samples is deeper than
that for those that are central, and may
occur if there is a thermodynamic gradient
across the plate. Here, we found that cen-
trally located samples had lower measured
AMH concentrations than peripherally
located samples. Thus, the positioning of
samples on a microtitre plate might affect
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the accuracy of the measurements made.
Therefore, it is necessary for an adjustment
to be designed to correct test results
accordingly.

The duration and temperature of storage
of blood samples are very important for the
accuracy of many measurements, but some
smaller reproductive medicine centres may
not be able to immediately perform such
assays. Kumar er al’® found that the
serum AMH concentration is stable for up
to 7 days at 2 to 8°C, —20°C and —80°C. In
the present study, the most striking change
in serum AMH concentration was in sam-
ples that were incubated for over 24 hours
at RT, and this implies that AMH measure-
ments are not reliable under these circum-
stances. In addition, the measured AMH
concentration was significantly higher
after samples were stored for 3 days at
4°C. However, there was no significant
change when samples were stored at
—20°C for 1 week. In addition, the AMH
concentration in serum samples incubated
at RT for up to 7 days increased by 58%
and that in samples incubated at —20°C for
5 days increased by 23% compared with
fresh samples.'> The results of Fleming
et al. were consistent with these findings,*'
but the assessment in the present study was
more thorough. Furthermore, the measured
AMH concentration in samples stored at
—40°C increased over a 4-month period,
but it was stable for 9 months when the
samples were stored at —80°C. Thus, an
appropriate temperature should be selected,
according to the period of time serum sam-
ples must be stored prior to assay, such that
the AMH results are reliable. However,
there are many assay providers and it may
be that the most appropriate storage times
and temperatures differ for each.

The present findings provide other useful
information regarding for the measurement
of AMH for clinical and research purposes.
Treatment with goserelin, a gonadotrophin-
suppressing drug, has been shown to reduce

the concentration of AMH over several
months,** and the present data show that
AMH concentration is increased by treat-
ment with a GnRH-a. However, this effect
on AMH varies among individuals. A pre-
vious study showed an approximate 13%
increase in AMH concentration following
14 days of GnRH-a treatment, but the
serum AMH decreased 7 days after the
administration.®> These data indicate that
the timing of the AMH measurement
affects the type of difference in serum
AMH concentration following GnRH-a
treatment, but individual variation may
also contribute to this.** A limitation of
the present study was that we only recruited
relatively young patients, who have ovaries
that would be more sensitive to GnRH-a.
Thus, basal AMH concentration may not
be a reliable marker of the ovarian response
to long-term administration of such
agonists.

The OCP is also widely used to treat
reproductive endocrine diseases. In the pre-
sent study, we found that AMH concentra-
tion was not significantly affected by the
use of the OCP. Thus, basal AMH is a reli-
able marker of the ovarian response in
patients who have been taking the OCP
for 28 days. Kallio et al. found that the
AMH concentration was 50% lower after
9 weeks of administration of the OCP, but
that there was no significant difference after
5 weeks.?® The long-term use of contracep-
tives leads to changes in other hormones
that would affect AMH concentration.
The present study findings provide a theo-
retical basis for the accurate clinical use of
serum AMH concentration measurements.
Hormone treatment may cause changes in
AMH, so the measured AMH concentra-
tion may not accurately reflect the ovarian
reserve. Unfortunately, we did not measure
the haemoglobin content of these samples
to quantify the degree of haemolysis; there-
fore, we will determine the effect of the level
of haemolysis on the measurement of serum
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AMH in a follow-up study to define a
threshold value for haemoglobin.

In conclusion, we have shown that fasting
is not necessary prior to the measurement of
serum AMH concentration in the clinic.
Furthermore, haemolysis and the placement
of samples on the edge of the ELISA micro-
titre plate affects the accuracy of AMH meas-
urements. If AMH concentrations cannot be
measured immediately, samples should be
stored at a suitable temperature. If serum sam-
ples are tested within 12 hours, they can be
stored at RT, or they can be stored at 4°C
for 2 days, at —20°C for 2 weeks, or at
—40°C for 3 months, without a loss of accu-
racy. However, for long-term storage, a
—80°C freezer is required. Finally, basal
AMH concentration cannot be used as a reli-
able marker of ovarian reserve for patients
who have recently undergone treatment with
a GnRH-a.
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