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Background: Anti-Mullerian hormone (AMH) is one of the most reliable markers of ovar-
ian reserve. Automated AMH assays are widely used in clinical laboratories, but reference
intervals for the Elecsys AMH assay for Asian populations have not yet been determined.
We aimed to determine reference intervals in healthy Korean women.

Methods: The study included 1,450 women aged 19 to 54 years who participated in the
Korea National Health and Nutrition Examination Survey between 2013 and 2016. The
study participants were divided into seven 5-year age groups. AMH and progesterone
concentrations were measured using Roche Elecsys assays, and bone morphogenetic
protein-15 (BMP15) was genotyped for the detection of major variants. Age group-specific
reference intervals for AMH were established as recommended by the CLSI EP28-A3c
guidelines.

Results: The mean age was 37.4 years. AMH concentrations decreased with increasing
age, especially after 40 years, with the median AMH decreasing from 30.9 pmol/L in par-
ticipants of 19-24 years to 0.071 pmol/L in participants of 50-54 years. The mid-95 per-
centile AMH reference intervals decreased from 7.93-81.21 pmol/L in participants of 19—
24 years to 0.07-3.86 pmol/L in participants of 50-54 years. Disease-associated BMP15
variants were not detected.

Conclusions: We determined Elecsys AMH assay reference intervals in healthy Korean
women. The results may provide basic information for the interpretation of AMH concen-
trations and assessment of ovarian reserve in Korean women.
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INTRODUCTION

Anti-Mdullerian hormone (AMH) is a glycoprotein of the trans-
forming growth factor beta superfamily. AMH is released by
ovary granulosa cells in pre-antral and small antral follicles and
regulates mature follicle quantities [1, 2]. Early in a woman’s
fertile period, AMH concentrations are relatively high, but they
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decrease with age until menopause, when AMH is no longer
detected. AMH testing is used to assess ovarian function, assist
in the diagnosis of relevant diseases, predict responses to infer-
tility treatment, and as a companion diagnostic [2-4]. AMH con-
centration is a good marker for the ovarian reserve, which also
declines with age [2-4].

The Immunotec and Diagnostic Systems Laboratory ELISAs
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were widely used in the past for measuring AMH [3, 4]. How-
ever, these assays were insufficient in terms of precision and
accuracy and required a long hands-on time. In 2011, a sec-
ond-generation (Gen Il) ELISA, which integrated the original two
assays, was launched by Beckman Coulter [4]. Since 2015, au-
tomated platforms that use sandwich immunoassays have been
developed [5-9]. The automated AMH assays include the
Roche Diagnostics Elecsys AMH (Roche Diagnostics GmbH,
Mannheim, Germany) and Beckman Coulter Access AMH
(Beckman Coulter, Brea, CA, USA) immunoassays, both being
currently used in clinical laboratories [6-12]. According to the
2021 College of American Pathologist AMH-B survey, 56.7% of
facilities use Elecsys AMH and 37.3% use Access AMH. Ac-
cording to the 2021 Korean Association of External Quality As-
sessment Service Hormones Il program, 72.2% use Elecsys
AMH and 27.8% use Access AMH in Korea [13].

AMH assays are yet to be harmonized, and thus, test results
vary greatly among assays. AMH is not listed in the International
Consortium for Harmonization of Clinical Laboratory Results
program, which covers the harmonization status of variable
measurands [14]. AMH concentrations measured using auto-
mated assays reportedly tend to be lower than those measured
using ELISAs, although the degree of difference is variable [6—
10]. Additionally, AMH concentrations vary by ethnicity, and the
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degree of difference varies by age within the same ethnic group
[2, 15-171. There are insufficient data from Asian populations,
including Korean populations.

Current AMH reference intervals in the Korean population
were derived from ELISA data, which failed to reflect the latest
trend of using automated platforms, and some studies were lim-
ited to patients visiting an infertility center and thus are vulnera-
ble to selection bias [18-20]. Reference intervals are the basis
for determining clinical decision limits in various diseases or
conditions [21]. Therefore, we aimed to establish reference in-
tervals for the Elecsys AMH assay in healthy Korean women by
recruiting participants of the Korea National Health and Nutri-
tion Examination Survey (KNHANES) [22, 23]. The bone mor-
phogenetic protein-15 gene (BMP15) was genotyped as it is
closely related to ovarian function [24, 25].

METHODS

Study participants

The study course is outlined in Fig. 1. Among the KNHANES
participants between 2013 and 2016, 1,450 participants who
met the following criteria were included in this study: (1) provide
consent to donate samples (blood and urine), (2) women of 19—
54 years of age, (3) non-smokers and no history of hypertension,

~
* KNHANES participants during 20132016 who met the following criteria: women 19-54 years with no smoking, no history
of hypertension, diabetes mellitus, or hypercholesterolemia, and available informed consent and serum/DNA samples
Participant | * Selection of the participants (N=1,450) and partitioning at 5-yr-interval: 7 age groups (19-24, 25-29, 30-34, 35-39, 40-44,
selection and 45-49, and 50-54)
partitioning J
~
* 1,450 serum and DNA pair samples distributed and obtained from the National Biobank of Korea
Samples and the « Participants’ relevant data provided
participants' data )/
~
* Elecsys AMH testing performed; 1,429 results obtained
* Afterwards, progesterone testing performed; 1,427 results obtained
Laboratory | ° BMPI5 genetic testing performed for 1,450 DNA samples; clinically important variants not detected
testing 4
~
* Outliers detected by Tukey’s method removed
* AMH percentiles and reference intervals according to the age groups
Statistical » Age-specific AMH values obtained
analysis J

Fig. 1. Outline of the study course.

Abbreviations: KNHANES, Korea National Health and Nutrition Examination Survey; AMH, anti-Mullerian hormone; BMP15, bone morphogenetic protein-15.
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diabetes mellitus, or hypercholesterolemia, and (4) availability of
serum and DNA samples. The participants were divided into
seven 5-year age groups: 19-24 years, 25-29 years, 30-34
years, 35-39 years, 40-44 years, 45-49 years, and 50-54
years [7, 10-12]. There was a minimum of 120 participants in
each group. The participants were considered generally healthy.

This study was exempted from review by the Institutional Re-
view Board of the Asan Medical Center, Seoul, Korea (IRB No:
2018-0886, 2019-0211).

Samples and participant data collection

Serum and DNA samples from the participants were obtained
from the National Biobank of Korea in January and February
2019 anonymously. Serum volumes were up to 300 pL, and
DNA concentrations were 62-550 ng/pL. The samples were
stored at —70°C until testing. For each participant, anthropomet-
ric and laboratory test results were obtained, including height,
body weight, systolic and diastolic blood pressures, hemoglobin
Alc, fasting glucose, Hb, creatinine, total cholesterol, and tri-
glyceride concentrations. The body mass index (BMI) was cal-
culated by dividing the body weight in kilograms by the square of
the height in meters. Obesity was defined as a BMI >25 kg/m?,
according to the Asia-Pacific criteria of the WHO guidelines [26,
271. Anemia was defined as an Hb concentration <120 g/L, ac-
cording to the WHO recommendations to diagnose anemia in
non-pregnant women [28].

AMH testing

The 1,450 vials of frozen sera were thawed and tested at the
Asan Medical Center. AMH testing was performed using a Co-
bas €602 modular analyzer (Roche Diagnostics) and Elecsys
AMH reagent (Roche Diagnostics). Because sample amounts
were limited (<300 pL), the AMH concentration was measured
only once. Staff members performing the assays were familiar
with the test protocol, including calibration and quality control,
equipment maintenance, and troubleshooting.

PreciControl AMH (Roche Diagnostics) was used for internal
quality control of the AMH assay. The coefficients of variation in
January and February 2019 were 7.3% and 5.2%, respectively,
for level 1 (4.29 pmol/L), and 3.2% and 2.9%, respectively, for
level 2 (34.71 pmol/L). One lot of AMH reagent was used for ap-
proximately 950 vials, and a second lot was used for the remain-
ing vials. A parallel test using patient samples was conducted to
assess comparability. Differences between the lots satisfied the
cutoff with a variance of <10%. The limit of detection (LOD)
and limit of quantitation of Elecsys AMH were 0.07 and 0.21
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pmol/L, respectively. The manufacturer specified 0.07-164.00
pmol/L as a measuring interval [6, 10]. For statistical analysis,
we set concentrations <0.07 pmol/L as 0.07 pmol/L.

Ancillary testing
As information on the menstrual cycle was not available for the

KNHANES participants, we measured progesterone concentra-
tion to determine the menstrual phases and conditions of the
study participants. Progesterone concentrations were measured
using a Cobas e602 modular analyzer (Roche Diagnostics) and
Elecsys progesterone reagent (Roche Diagnostics) with the re-
sidual amount after completion of AMH testing. Menstrual cycle
phases were broadly classified according to the progesterone
concentrations provided by the manufacturer as follows: follicu-
lar (0.16-0.38 nmol/L), follicular or ovulatory (0.39-2.84 nmol/
L), ovulatory (2.85-5.81 nmol/L), ovulatory or luteal (5.82-38.47
nmol/L), and luteal (38.48-76.00 nmol/L). The manufacturer
specifies the LOD as 0.16 nmol/L. Two additional conditions
were set for participants with a progesterone concentration
>76.00 nmol/L, classified as the high-progesterone group, and
for participants aged >45 years with a progesterone concentra-
tion <0.18 nmol/L, classified as the postmenopausal group.
Median AMH concentrations were compared among groups
with different menstrual phases and conditions. All menstrual
phases and conditions were included in the analysis.

BMP15 genetic testing using PCR amplification from DNA
samples and direct sequencing was outsourced to Macrogen
(Seoul, Korea). Forward sequencing was performed for BMP15
exon 1, and both forward and reverse sequencing were per-
formed for exon 2. The samples were analyzed for ¢.-9C>G,
€.202C>T (p.Argb8Trp), ¢.226C>T (p.Arg76Cys), c.631C>T
(p.GIn211Ter), c.704A>G (p.Tyr235Cys), ¢.783_785TCT[3]
(p.Leu263dup), and ¢.852C>T (p.Ser284 =) [29-31].

Statistical analysis

MedCalc Statistical Software version 15.2.2 (MedCalc Software,
Ostend, Belgium) was used to determine outliers and percen-
tiles and to establish AMH reference intervals. As the AMH con-
centrations had a left-skewed distribution, values exceeding the
third quartile plus three times the interquartile range (IQR) in
each age group were defined as outliers [32]. After eliminating
outliers per Tukey’s rules, age group mid-90 percentile and mid-
95 percentile reference intervals with 90% confidence intervals
(Cls) and age-specific percentiles (5th, 10th, 25th, 50th, 75th,
90th, and 95th) were calculated. As the 40-44 years, 45-49
years, and b0-54 years age groups exhibited extreme distribu-
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tions, values within the 95% CI of the upper percentile in the
package insert for the corresponding age groups were not ex-
cluded. We confirmed the appropriateness of the exclusion by
applying the Box—Cox transformation [12]. Reference intervals
were calculated using nonparametric methods according to rec-
ommendations in the CLSI EP28-A3c guidelines [33]. The per-
centile rank [R(p)] was calculated using the following equation:
R(p)=p+100x (n+1),

where p is the percentile and n the number of values. Differ-
ences in AMH concentrations based on the menstrual cycle
phase were analyzed using the Kruskal-Wallis test.

RESULTS

Participant characteristics according to age group

Anthropometric data and laboratory results by age group are
shown in Table 1. The mean participant age was 37.4+10.4
years. The mean BMI was 21.7 kg/m? in the 19-24 years group
and slightly increased up to 23.2 kg/m? in the 45-49 years and
50-54 years groups. The overall obesity prevalence was 18.3%.
The mean blood pressure, fasting glucose, total cholesterol, and
triglyceride concentrations tended to increase slightly with in-
creasing age. However, the differences were not substantial, and
the average values were within the normal ranges, even in the
oldest age group. The overall anemia prevalence was 13.2%,
with a relatively higher prevalence in the 35-39 years (17.5%),
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40-44 years (19.1%), and 45-49 years (18.6%) groups, and a
lower prevalence in the 19-24 years (4.4%), 25-29 years (7.6%),
30-34 years (11.5%), and 50-54 years (9.5%) groups.

AMH distribution and reference intervals

AMH results were obtained from 1,429 of the 1,450 participants.
For 21 participants, results were not obtained because of insuf-
ficient sample amounts. AMH concentrations were extremely
skewed to the lower values, where 30% of the participants had
a concentration <3.57 pmol/L. There was one outlier in the 19—
24 years group, one in the 30-34 years group, two in the 35-39
years group, five in the 40-44 years group, two in the 45-49
years group, and two in the 50-54 years group, adding up to a
total of 13 outliers. The percentage of participants with an AMH
concentration <3.57 pmol/L started to exceed 20% in the 40—
44 years group, with the percentage exceeding 70% in the 45—
49 years group and 90% in the 50-54 years group.

The 25th percentile, median, and 75th percentile by age
group are shown in Fig. 2. AMH concentrations gradually de-
creased with increasing age. While the median AMH concentra-
tion was >28.57 pmol/L in the 20-29 years group, it neared
21.43 pmol/L in the 30-34 years group and rapidly declined to-
ward 7.14 pmol/L starting at age 35. Most participants aged
>45 years had AMH concentrations <7.14 pmol/L.

The AMH reference intervals are shown in Table 2 along with
median. The 30-34 years group showed a wide range of values.

Table 1. Anthropometric and laboratory test results of the study participants

Age group, yr (N participants)

Variable 19-24 (160) 25-29(132) 30-34(238) 35-39(236) 40-44(231) 45-49(216) 50-54 (216) Total N (1,429)
Age (yn)* 21.2(1.6) 27.1(1.4) 32.2(1.4) 37.0 (1.5) 41.9(1.5) 47.1(1.5) 52.0 (1.5) 37.4(10.4)
Height (cm)* 161.6 (6.3) 160.9 (6.0) 161.3 (5.7) 160.4 (5.2) 160.4 (4.9) 158.0 (5.7) 157.0 (5.3) 159.9 (5.8)
Weight (kg)* 56.9 (9.3) 58.3 (9.5) 57.6(9.2) 58.2 (8.7) 58.0 (7.4) 58.0 (7.6) 57.2 (1.4) 57.8 (8.5)
BMI (kg/m?)* 21.7(3.4) 224(3.2) 22.1(3.5) 22.6 (3.3) 22.5(2.8) 232 (2.7) 232(2.7) 226 (3.2)
Obesity (%) 13.1 17.6 20.1 15.8 153 232 21.8 18.3
SBP (mmHg)* 105 (9) 104 (8) 104 (9) 105 (9) 107 (11) 108 (11) 111 (12) 107 (10)
DBP (mmHg)* 69 (7) 69 (7) 69 (8) 70 (7) 72 (8) 72 (8) 73 (8) 71(8)
Fasting glucose (mmol/L)* 4.9(0.3) 4.9(0.4) 5.0(0.4) 5.0(0.4) .1(0.4) 5.1(0.4) 5.2(0.5) .1(0.4)
HbAlc (mmol/mol)* 34(3.3) 34(3.3) 36 (3.3) 37(3.3) 37(3.3) 3733) 38 (4.4) 36 (3.3)
Total cholesterol (mmol/L)* 4.4 (0.6) 7(0. ) 4.6(0.7) 4.6 (0.6) .7(0.6) 4.9(0.6) 0(0. 6) 7(0.7)
Triglyceride (mmol/L)* 0.88 (0.4) 0.97 (0.7 0.97 (0.5) 0.96 (0.5) 1.10(0.7) 1.14(0.7) 1.29(0.8 1.05(0.6)
Creatinine (umol/L)* 62.8 (8.0) 61.9 (8. 0) 61.0 (8.0) 62.8 (7.1) 63.6 (8.0) 62.8 (8.0) 61.9 (8. 8) 61.9 (8.0)
Hb (g/L)* 132(9) 133 (9) 130 (11) 129 (12) 128 (12) 127 (13) 132 (11) 130 (11)

*Data are expressed as mean (SD); "Obesity was defined as a BMI =25 kg/m?, according to the Asia-Pacific criteria of the WHO guidelines [26, 271.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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The 2.5th percentile value (1.14 pmol/L) was below the 4.11  plemental Data Table S1. The mean number of participants by

pmol/L noted in the package insert, whereas the 97.5th percen-  age was 39.
tile value of 78.43 pmol/L was higher than the package insert
value of 58.0 pmol/L. The percentiles and number of partici-  Ancillary testing results

pants at each age between 19 and 54 years are shown in Sup-  Progesterone results were obtained from 1,427 of the 1,450

50 - —e—25th percentile  —a—Median - 75th percentile ~ ® Package insert (median)

45
40
35
30
25
20

AMH concentration (pmol/L)

15 F
10

0 1
19-24 25-29 30-34 35-39 40-44 45-49 50-54
Age group (yr)

Fig. 2. AMH concentrations according to different age groups of healthy Korean women. The 25th, 50th, and 75th percentiles are present-
ed with the median values. AMH concentrations decreased with increasing age, especially after 40 years. In certain age groups, e.g., 25—
29 years and 30-34 years, median values were slightly higher than those mentioned in the package insert, which were obtained from 887

healthy Caucasian women.
Abbreviation: AMH, anti-Mdllerian hormone.

Table 2. Elecsys AMH reference interval using the CLSI EP28-A3c percentile method (pmol/L)

95% reference interval (90% Cl) 90% reference interval (90% Cl) Median
SRR 2.5th 97.5th 5th 95th (90% C)
19-24 159 7.93 81.21 12.43 75.14 30.93
(1.00-12.43) (10.52-14.85) (7.93-13.93) (63.50-81.21) (27.711-3 3.57)
25-29 132 5.64 72.64 8 62 29.5
(0.57-8.71) (59.64-79.43) (5.43-12.14) (53.07-73.50) (26.29-33.00)
30-34 237 114 78.43 2.93 63.07 23.79
(0.07-2.93) (67.00-92.36) (2.07-5.43) (60.07-76.71) (21.21-26.43)
35-39 234 1.36 48.14 2.79 38.79 15.07
(0.43-2.64) (40.14-55.21) (1.93-4.43) (34.86-43.64) (12.79-16.86)
40-44 226 0.07 35.93 0.43 3143 7.93
(0.07-0.43) (31.57-43.71) (0.07-1.00) (25.64-34.36) (6.86-9.29)
45-49 214 0.07 17.79 0.07 13.36 15
(0.07-0.07) (13.64-23.79) (0.07-0.07) (10.36-16.50) (1.14-2.14)
50-54 214 0.07 3.86 0.07 2.07 0.07
(0.07-0.07) (2.07-9.93) (0.07-0.07) (1.00-3.57) (0.07-0.07)

Abbreviations: AMH, anti-Millerian hormone; Cl, confidence interval.
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participants. For 23 participants, results were not obtained be-
cause of insufficient sample amounts. Two hundred participants
were in the follicular phase (median 0.29 nmol/L), 656 in the
follicular or ovulatory phase (median 0.83 nmol/L), 92 in the
ovulatory phase (median 3.82 nmol/L), 238 in the luteal or ovu-
latory phase (median 20.03 nmol/L), and 168 in the luteal
phase (median 49.93 nmol/L). In addition, 28 participants were
classified into the high-progesterone group (median 85.23
nmol/L) and 45 into the postmenopausal group (median 0.16
nmol/L). There were no significant differences in median AMH
concentrations according to the progesterone concentration
(P=0.158, Kruskal-Wallis test), except for the postmenopausal
group. The median AMH concentrations based on the men-
strual cycle phases and conditions are shown in Supplemental
Data Table S2.

BMP15 genetic testing was performed for all 1,450 partici-
pants. The four BMP15 variants considered to be clinically im-
portant were not detected in the study population. Regarding
the other three variants assessed, there were no significant dif-
ferences in AMH concentrations between two groups divided
according to the presence or absence of each variant.

DISCUSSION

AMH concentration is a marker of the ovarian reserve, which is
closely associated with ovarian function. Although reference in-
tervals in the healthy population are essential for the appropriate
use of AMH, relevant studies on the Elecsys AMH assay in the
Korean population are lacking. Only one study has been con-
ducted on the Elecsys AMH assay, and this study included only
Caucasian populations [10]. We established reference intervals
for the Elecsys AMH assay in healthy Korean women of child-
bearing age according to age groups. Compared to Caucasian
populations, the AMH concentrations varied widely in the 30-34
year group of the Korean population, with lower values in the
lower percentiles (1.14 pmol/L for 2.5th) and higher values in
the upper percentiles (78.43 pmol/L for 97.5th). In the same age
group of a European population, the 2.5th and 97.5th percen-
tiles of Elecsys AMH were 4.11 pmol/L and 58.0 pmol/L, respec-
tively [10]. In our study, the AMH concentrations began to de-
cline from age 35 and significantly decreased toward the LOD
(0.07 pmol/L) from age 40. The age-specific percentile data
showed that AMH concentrations markedly declined particularly
from age 43. Age-specific percentile data can provide approxi-
mate information regarding the ovarian function of an individual
[19, 201.
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A few previous studies have attempted to establish AMH ref-
erence intervals in the Korean population. These studies used
the Immunotec AMH ELISA or modified Gen II ELISA, not auto-
mated assays, to measure AMH concentrations and included
women visiting infertility centers [18-201. In these previous Ko-
rean studies, the AMH concentrations in similar age groups
were higher than those in our study. This is consistent with pre-
vious results that the AMH concentrations measured using the
Elecsys AMH assay were 12%—28% lower and those measured
using the Access AMH assay were 9%—22% lower than those
measured using ELISA [6-10]. Differences in calibration and/or
the high inter-laboratory variability of manual ELISAs may con-
tribute to this discordance [8, 91. In a recent Korean study com-
paring automated AMH assays using serum samples collected
from an infertility clinic, the median AMH concentrations mea-
sured using the Elecsys AMH assay were 29.9 pmol/L for the
18-29 years, 24.6 pmol/L for the 30-34 years, and 14.1 pmol/L
for the 35-39 years age groups [34]. These AMH concentra-
tions are similar to those in our study, although they did not in-
tend to provide the age-specific AMH reference intervals.

Our study is unique in that an automated AMH assay was
used and the sera were collected from KNHANES participants.
KNHANES is a nationwide survey conducted by the Korea Dis-
ease Control and Prevention Agency and provides reliable sta-
tistical data regarding the overall health and nutritional status in
the general Korean population [22, 23]. In addition to a ques-
tionnaire survey on health and lifestyle, physical examination,
blood and urine sampling, and follow-up are conducted. Fur-
ther, our study included a wider age range of participants (19—
54 years) than previous Korean studies (25-45 or 50 years). In
addition to AMH, progesterone concentrations were obtained for
menstrual cycle phase estimation. Median AMH concentrations
did not significantly differ between menstrual cycle phases in
non-postmenopausal participants. Thus, the menstrual cycle
phase did not affect the AMH concentrations in this study,
which is in line with the previous result that serum AMH con-
centrations were relatively stable across the menstrual cycle
when compared with follicle-stimulating hormone concentra-
tions [1-3]. In the postmenopausal group, the median AMH
concentration was as low as 0.07 pmol/L, which is the LOD of
the Elecsys assay. In BMP15 testing, the four clinically impor-
tant variants (p.Arg68Trp, p.Arg76Cys, p.GIn211Ter, and
p.Tyr235Cys) were not detected in the study population. BMP15
plays an important role in early human folliculogenesis and is
considered a candidate gene for premature ovarian insuffi-
ciency [24, 25]. By analyzing this gene, we aimed to ascertain if

https://doi.org/10.3343/alm.2022.42.6.621
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there were any clinically important variants that may have af-
fected ovarian function in the study participants.

AMH concentrations may vary according to ethnicity, and
there are some reports about ethnic differences within specific
age groups. Nelson, et al. [16], using the Elecsys assay, found
that Chinese women tended to have higher AMH concentrations
before the age of 25 years and lower concentrations from age
25 onward than European women. Bleil, et al. [17], using the
Beckman Coulter ELISA, found that Hispanic women had lower
AMH concentrations across all ages, whereas African—American
and Chinese women had lower AMH concentrations only at
younger (i.e., 25 and 30 years) and middle ages (i.e., 30, 35,
and 40 years), respectively, than Caucasian women. In a recent
study using the Elecsys assay in Egyptian women, the AMH
concentrations across all ages were lower than those in our
study or the manufacturer-provided values based on Caucasian
populations [12]. In our study, the median AMH concentrations
in Korean women of 19-34 years were slightly higher than those
shown in the package insert. Using the Access assay in Chinese
women, Cheng, et al. [11] reported a similar trend, which was
even more evident in the age group 25-34 years. Korean
women within a certain age group may show slightly higher
AMH concentrations in automated AMH assays than Western
women; however, current results are inconsistent or conflicting,
warranting further studies on the matter [10].

Results of the two widely used automated AMH assays, Roche
Elecsys and Beckman Coulter Access, reportedly show high
agreement, with a difference of only 3% and no significant bias
[8, 9, 35]. The Access AMH assay tended to produce slightly
higher concentrations (average 2.1 pmol/L) than the Elecsys
AMH assay in a European population [9]. However, AMH results
obtained by the Roche and Beckman Coulter assays are not in-
terchangeable, especially in certain circumstances, such as indi-
vidualized dosing based on a companion diagnostic assay [35].

The current study had several limitations. Although we at-
tempted to eliminate confounders that may impact AMH con-
centrations when selecting a healthy population, it is still possi-
ble that AMH concentrations were affected by unknown factors.
First, the selection criteria did not include parameters related to
women'’s health, such as menstrual cycle regularity, current use
of oral contraceptives or other medications, history of infertility
or polycystic ovary syndrome (PCOS), or menstrual phase at the
time of blood sampling. We were unable to obtain information
about these parameters as they were not included in the inter-
view or examination portions of the KNHANES. Instead, we in-
cluded apparently healthy non-smoking women with no previ-
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ous or current chronic diseases, such as hypertension, diabetes
mellitus, or hypercholesterolemia, and serum progesterone
measurement and BMP15 testing were deliberately performed.
It is possible that some participants had PCOS. While we expect
these patients would have been excluded as outliers, we cannot
definitively confirm this to be the case. The use of oral contra-
ceptives or gonadotropin-releasing hormone agonist may have
reduced the AMH concentrations. Second, obesity may have
affected the AMH concentrations [36]. While some reports sug-
gest that obese women have lower AMH concentrations than
non-obese women, the results are not consistent across studies
[36, 37]. The prevalence of obesity in our study population was
similar to or lower than that in the 2018 National Health
Checkup database provided by the Korean National Health In-
surance Service or 2013-2014 KNHANES reports [22, 23].
Hence, we reasoned that obesity would not have a deleterious
impact on the AMH reference intervals, and accordingly, we did
not exclude obese women from the study. Third, we used frozen
sera for AMH measurements. Thus, sample storage conditions
or freeze/thaw cycles may have affected the AMH stability. How-
ever, the stability issue is considered to be minimal as our sam-
ples had been stored in a deep-frozen state at the National Bio-
bank of Korea and were thawed only once [6, 38, 391.

In summary, we established reference intervals for the Elecsys
AMH assay according to b-year incremental age groups in Ko-
rean women aged 19-54 years and presented age-specific per-
centiles. The AMH concentrations tended to decline with ad-
vancing age and markedly decreased starting from age 40,
where the lower reference limit declined to near the LOD. The
median AMH value in the 25-34 years group of our Korean co-
hort tended to be slightly higher than that in Caucasian popula-
tions. These results are insightful in interpreting AMH results and
assessing ovarian reserve in Korean women and can be helpful
for expanding the clinical utility of AMH in Asian populations.
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Supplemental Data Table S1. Age-specific AMH concentrations in healthy Korean women

Percentiles of AMH concentrations (pmol/L)

Age (yr) N
5th 10th 25th 50th 75th 90th 95th
19 6.64 13.00 16.36 31.29 4593 62.93 70.14 31
20 13.14 18.64 23.57 33.93 47.14 54.07 72.29 30
21 8.93 13.00 22.43 32.93 45.64 54.64 91.29 29
22 9.50 14.71 19.64 28.36 47.14 53.00 84.57 26
23 16.71 19.21 23.00 29.71 50.64 68.14 73.93 26
24 3.14 7.36 15.21 25.43 53.29 83.00 . 17
25 15.07 18.79 23.86 3221 48.43 64.14 71.93 27
26 8.71 16.14 19.50 30.71 37.07 46.36 . 18
27 4.00 12.14 17.79 33.00 39.79 51.86 56.00 25
28 5.93 6.64 12.29 26.64 38.86 53.86 65.21 34
29 8.21 14.14 16.57 28.14 39.07 58.50 69.93 28
30 2.79 5.64 14.29 19.93 25.64 47.50 64.71 35
31 5.29 1043 15.07 25.71 40.14 56.07 71.93 45
32 2.43 8.29 16.71 25.93 34.79 57.21 66.71 49
33 0.21 6.00 14.14 23.79 39.57 61.79 81.43 51
34 3.29 543 13.00 23.79 36.64 59.64 63.79 57
35 1.86 4.64 8.93 15.79 24.86 33.71 35.93 53
36 2.29 5.00 8.50 16.43 26.21 39.14 53.07 42
37 2.57 4.64 7.86 1343 24.50 29.14 33.86 37
38 4.00 543 7.93 14.21 23.00 34.00 36.79 55
39 143 5.00 8.29 13.14 22.00 37.93 53.07 47
40 0.50 1.43 5.00 10.00 16.21 31.43 33.71 47
41 1.14 2.00 4.36 8.93 17.50 29.93 36.36 51
42 1.43 2.79 4.36 9.43 15.50 25.29 40.07 41
43 0.07 0.50 3.07 7.64 11.36 15.64 19.07 39
44 0.07 0.21 1.57 4.21 8.64 13.36 18.36 48
45 0.07 0.29 1.14 3.86 6.36 11.57 17.57 43
46 0.14 0.43 1.14 1.93 5.57 10.29 14.43 44
47 0.07 0.07 0.07 0.93 5.00 9.50 15.07 33
48 0.07 0.07 0.29 0.64 2.50 471 7.93 47
49 0.07 0.07 0.07 0.29 2.93 5.36 17.29 47
50 0.07 0.07 0.07 0.14 0.79 3.21 6.86 55
51 0.07 0.07 0.07 0.07 0.14 0.50 1.36 38
52 0.07 0.07 0.07 0.07 0.14 0.50 2.07 27
53 0.07 0.07 0.07 0.07 0.07 0.35 1.36 45
54 0.07 0.07 0.07 0.07 0.07 0.07 0.14 49

Abbreviation: AMH, Anti-MUllerian hormone.
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Supplemental Data Table S2. AMH concentrations based on men-
strual cycle phases and conditions

Median

rogesterone LT
Menstrual phase or condition N prog . concentration
concentration (omol/L)
(nmol/L) P
Follicular phase 200 0.29 11.36
Follicular or ovulatory phase 656 0.83 13.36
Ovulatory phase 92 3.82 12.29
Ovulatory or luteal phase 238 20.03 12.14
Luteal phase 168 49.93 14.21
High-progesterone group* 28 85.23 13.14
Postmenopausal group’ 45 0.16 0.07¢

*Participants with a progesterone concentration >76.0 nmol/L; "Participants
aged >45 years with a progesterone concentration <0.18 nmol/L; *Limit of
detection of Elecsys AMH assay.

Abbreviation: AMH, anti-Mullerian hormone.
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