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Abstract

Background/Objectives: As the population of women with endometriosis increases, ap-
proximately 10% of those of reproductive age experience symptoms such as pelvic pain,
painful menstruation, and infertility. Individuals with endometriosis usually undergo
multiple surgeries due to the high recurrence rate of the condition. However, ovarian
surgery tends to reduce the ovarian reserve, presenting a dilemma when deciding whether
to recommend surgery or medical treatment for women of reproductive age. The impact
of endometriomas on the residual volume of ovarian tissue remains controversial, and it
is unclear whether endometriosis itself or endometriomas are the primary problem. In
this study, we aimed to investigate whether women with endometriosis have lower levels
of anti-Müllerian hormone than women with healthy ovaries before treatment initiation.
Methods: A total of 298 participants enrolled in the endometriosis cohort at Severance
Hospital, Korea, from 1 October 2020 to 1 July 2024 were included in this study. Of these,
63 participants were from a retrospective study, and 235 were from a prospective study.
Due to the use of different assay methods between the reference values and anti-Müllerian
hormone measurements from Severance Hospital, a correction was applied using the regres-
sion equation. The mean anti-Müllerian hormone levels for individuals with endometriosis
were corrected with the regression equation and compared to those of the reference group
for each age group using a one-sample t-test. Results: Anti-Müllerian hormone levels
decreased with age in the endometriosis group. When comparing mean anti-Müllerian
hormone concentrations between the endometriosis group and reference values, among
168 participants aged 20–31 years, the corrected mean anti-Müllerian hormone concen-
tration was 5.96 ± 3.22 ng/mL, higher than the reference value of 4.94 ± 0.17 ng/mL
(p < 0.01). Among 31 participants aged 35–37 years, the corrected average anti-Müllerian
hormone value was 4.33 ± 3.06 ng/mL, compared to the reference anti-Müllerian hormone
level of 3.22 ± 0.15 ng/mL (p = 0.05). There were no significant differences in corrected
anti-Müllerian hormone levels between the 32–34-, 38–40-, 41–43-, and ≥44 years age
groups. Conclusions: Patients with endometriosis, especially those aged 20–31 years,
tended to have higher anti-Müllerian hormone levels than did individuals with healthy
ovaries. In other age groups, there were no differences. Given that these levels do not differ
significantly across age groups, it is difficult to conclude that patients with endometriosis
have a reduced ovarian reserve.

Keywords: endometriosis; anti-Müllerian hormone; fertility; ovarian reserve

1. Introduction
The incidence of endometriosis is unclear because pathological diagnosis is challenging [1].

Despite difficulties in diagnosing endometriosis, its prevalence is increasing [2–4]. Approxi-
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mately 10% of women of reproductive age are affected by endometriosis-related subfertility [4–6].
Younger women with severe endometriosis experience pelvic pain and dysmenorrhea [7]; fur-
thermore, they often experience impaired ovarian reserve and diminished oocyte yield [8].
Previous reports have demonstrated that diminished ovarian reserves resulted in decreased
anti-Müllerian hormone (AMH) levels in patients with ovarian endometriosis [9,10]. On the
other hand, some reported that endometriosis does not affect ovarian reserve and that there is
no significant difference in AMH levels between individuals with endometriosis and those with
normal ovaries [5].

As women’s social and professional statuses increase, childbearing is increasingly de-
layed, compared to the past. Consequently, there is growing concern about ovarian reserve,
biomarkers predicting ovarian function, and whether endometriosis affects ovarian reserve.
Approximately 40–50% of patients experience spontaneous recurrence of endometriosis
within 5 years following surgery [11–13]. Therefore, physicians must carefully consider the
balance between surgical and medical treatments when treating women of childbearing age.
If individuals with endometriosis have lower baseline AMH levels due to a reduced ovarian
reserve, opting for surgical treatment may pose additional challenges for physicians.

Several biomarkers are used to predict ovarian reserve, including follicle-stimulating
hormone (FSH), AMH, basal estradiol, and antral follicle counts [14]. AMH, a member
of the transforming growth factor-beta superfamily, is a homodimeric disulfide-linked
glycoprotein [15,16]. It is produced by the granulosa cells of growing follicles from the
primary to the small antral stage [5,17]. AMH expression increases in follicles up to 8 mm in
size; however, it is absent in follicles larger than 8 mm [17]. Among the various biomarkers
for predicting ovarian reserve, AMH is particularly useful because it can be measured
at any point in the menstrual cycle [5,18]. In this study AMH served as a biomarker for
evaluating ovarian reserve.

According to previous research, different AMH assays can yield varying results in
AMH levels [17,19]. Therefore, when interpreting AMH values obtained from different
assay platforms, appropriate correction methods should be applied [17,19].

AMH levels have been reported to be lower in women with endometriosis compared
to those with benign conditions or healthy ovaries [9,10], and the decline in AMH appears
to occur more rapidly in these individuals [20]. Regardless of the location of endometriosis,
lower AMH levels have been observed among infertile women [21]. Additionally, some
studies have reported that endometriosis is associated with a reduced antral follicle count
and AMH levels, along with increased FSH-markers that are all indicative of diminished
ovarian reserve [22]. However, since there are no precise measurements for ovarian reserve,
assuming that a low AMH level in women with endometriosis indicates reduced ovarian
reserve remains controversial [23]. Some studies have reported that endometriosis alone
may not be a cause of decreased AMH levels [5,24]. There are reference serum AMH val-
ues established for Korean women with regular menstruation [16]. Different studies have
reported varying correlations between endometriosis and AMH levels, highlighting the con-
troversy surrounding this topic. Therefore, the aim of this study was to investigate whether
women with endometriosis exhibit characteristic AMH levels compared to reference values.
We also sought to explore the potential of AMH as a biomarker to assist physicians in inter-
preting AMH levels in patients with endometriosis, and to help guide decisions regarding
medical or surgical treatment and considerations for fertility preservation.

2. Materials and Methods
2.1. Study Participants and Data Collection

A total of 298 participants were enrolled in the endometriosis cohort at Severance Hos-
pital in Seoul, Korea, from 1 October 2020 to 1 July 2024. This study combined prospective
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and retrospective cohort studies. A total of 63 participants diagnosed with endometriosis
before 15 October 2020 were included in the retrospective cohort, while 235 participants
diagnosed after 15 October 2020 were included in the prospective cohort.

The inclusion and exclusion criteria for both cohorts were as follows (Figure 1):

 

Figure 1. Diagram of the endometriosis group study population.

Inclusion criteria: being aged between 12 and 45 years; not having undergone hor-
monal therapy of any form within 3 months before enrollment; having a serum AMH
measurement value before starting surgical or medical treatment; having a confirmed
diagnosis of endometriosis, either by laparoscopy or biopsy or by the presence of new
endometriotic spots on imaging (such as pelvic computed tomography or pelvic magnetic
resonance imaging).

The exclusion criterion was a final pathology report that did not indicate endometriosis
or any suspicion of malignancy arising from the endometriosis.

For the prospective cohort, the Endometriosis Health Profile Questionnaire was admin-
istered at enrollment and every 6 months thereafter for up to 5 years. The CA-125 and AMH
tests were conducted before treatment initiation. A total of 60 participants had missing
information, 3 participants withdrew consent, and 25 participants had a history of either
sclerotherapy or ovarian surgery. These participants were excluded from the analysis.

For both cohorts, follow-up pelvic sonography, serum AMH, and CA-125 tests were
conducted every 6–12 months for 5 years. After 5 years, assessment of CA-125 level and
sonography were repeated based on endometriosis-related symptoms; this was performed
every 6–24 months.

2.2. AMH Assay

AMH levels were measured in blood samples collected by venipuncture using the
cobas e801 modules (Roche Diagnostics International AG; Rotkreuz, Switzerland) through
a two-step electrochemiluminescence immunoassay. This assay employs the sandwich
principle to detect biotinylated monoclonal AMH-specific antibodies. During the first
incubation, a sandwich complex is formed between the sample (30 µL), biotinylated mono-
clonal AMH-specific antibody, and biotinylated monoclonal AMH-specific antibody tagged
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with a ruthenium complex. In the second incubation, streptavidin-coated microparticles
are added, allowing the sandwich complex formed during the first incubation to bind
to the solid phase through interactions between streptavidin and biotin. This complex
is then absorbed into the measuring cell and attached to the electrode. When voltage is
applied to the electrodes, chemiluminescence is emitted, and this signal is detected using a
photomultiplier. This assay method was calibrated and standardized against the Beckman
Coulter AMH Gen II ELISA (Brea, CA, USA).

The measurement range for AMH is from 0.01 to 23 ng/mL. AMH levels below
0.01 ng/mL were reported as <0.01 ng/mL, and levels above 23 ng/mL were reported as
>23 ng/mL. The blank had a value of 0.007 ng/mL, the limit of detection was 0.01 ng/mL,
and the limit of quantitation was 0.03 ng/mL.

Precision and comparison tests between the Beckman Coulter array (Brea, CA, USA)
and the cobas e801 modules (Roche Diagnostics International AG; Rotkreuz, Switzerland)
were conducted by the Department of Laboratory Medicine at Severance Hospital. For
correction, the following regression equation was applied:

Mean Beckman Coulter = (Mean Cobas (ng/mL) − 0.1618)/0.6691 (R2 = 1)

2.3. Reference AMH

We adopted reference age-specific serum AMH levels from the only study reporting
age-specific serum AMH levels conducted by You et al. [16]. The mean, percentiles, and
95% confidence intervals published in the original article were used for the analyses. These
results were based on data from 1,298 women aged 20–50 years who had regular menstrual
cycles [16]. This group is the control group and inclusion criteria is women with regular
menstrual cycle intervals of 21–35 days and aged between 20 and 50 years. Exclusion
criteria were women with polycystic ovary syndrome, a history of ovarian surgery, a
body mass index > 30 kg/m2, or any endocrine diseases, such as thyroid disease, diabetes
mellitus, or Cushing’s syndrome. The reference AMH values were analyzed using the
Immunotech ELISA from Beckman Coulter (Brea, CA, USA).

2.4. Statistical Analysis

The mean AMH levels in individuals with endometriosis were calculated for each
age group. The collected AMH levels followed a normal distribution, and a one-sample
t-test was performed to determine whether the mean AMH level in the endometriosis
group differed from the reference value. Pearson correlation analysis was used to assess
the relationship between age and AMH levels in patients with endometriosis. Percentile
values of AMH levels were compared between the endometriosis and healthy ovarian
groups. The bootstrap method was used to compare median values. If the reference median
falls within the 95% bootstrap confidence interval, it indicates no statistically significant
difference between the groups. All statistical analyses were conducted using IBM SPSS
Statistics for Windows version 28 (IBM Corp., Armonk, NY, USA) and R version 4.4.1 (The
R Foundation, www.R-project.org). Statistical analyses and visualization were performed
using Microsoft Excel version 16 (Microsoft Corp., Redmond, WA, USA) and R version
4.4.1 (The R Foundation, www.R-project.org). Statistical significance was set at a two-sided
p-value < 0.05.

2.5. Ethics Statement

Ethical approval for data collection was obtained from the ethics committee of
our institutional review board (4-2024-0787), and all participants provided written
informed consent.

www.R-project.org
www.R-project.org
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3. Results
3.1. Mean Age and Basal Characteristics

The participant characteristics of each age group are presented in Table 1. The different
age groups displayed varying treatment percentages. Those who were younger tended to
have a higher percentage of sclerotherapy, while those who were of an older age tended
to undergo more surgeries (Table 1). A small percentage of individuals in each age group
were treated for peritoneal endometriosis, while a higher percentage had a unilateral ovary
(Table 1). There was no history of endometriosis recurrence, as participants with a history
of surgical or sclerotherapy treatments were excluded (Table 1).

Table 1. Participant characteristics of each age group in the study population.

Age (Yr) 20–31 32–34 35–37 38–40 41–43 ≥44

N 168 30 31 34 26 9

Average Age (yr) 26.85 32.80 36.13 38.92 41.81 44.67

Initial treatment
after the diagnosis

Sclerotherapy (%) 80 (47.6) 15 (50) 13 (41.9) 17 (50) 11 (42.3) 1 (11.1)

Operation d/t endometrioma (%) 50 (29.8) 5 (16.7) 10 (32.3) 15 (44.1) 15 (57.7) 8 (88.9)

Medication (%) 36 (21.4) 10 (33.3) 7 (22.6) 2 (5.9)

Operation d/t EMS other than
ovary (%) 2 (1.2) 0 1 (3.2)

Tracking loss after initial visit (%) 1 (3.2)

Endometriosis

Peritoneum (%) 4 (2.4) 2 (6.7) 1 (2.8) 0 (0) 0 (0) 1 (8.3)

Unilateral ovary (%) 114
(67.9) 18 (60) 26 (80.6) 21 (64.1) 19 (68.8) 5 (58.3)

Bilateral ovary (%) 50 (29.8) 10 (33.3) 4 (16.7) 13 (35.9) 7 (31.3) 3 (33.3)

Recurrence of endometriosis (%) 0(0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Previous
treatment of

endometriosis

Surgery (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Medication (%) 11 (6.5) 4 (13.3) 2 (6.5) 2 (5.9) 2 (7.7) 0 (0)

None (%) 157
(93.5) 26 (86.7) 29 (93.5) 32 (94.1) 24 (92.3) 9 (100)

Sclerotherapy (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

N: number; EMS: endometriosis; Yr: years; d/t: due to.

Participants were stratified by age, and the means of the age groups were compared,
as shown in Table 2. There were no significant age differences among the age groups: 32–34,
35–37, 38–40, and 41–43 years. The mean age of the 20–31 year group was 26.9 ± 3.1 years,
compared to 29.1 ± 0.1 years for the reference group (p < 0.01). In the age group ≥ 44 years,
the mean age for the reference group was 45.6 ± 0.3 years, while it was 44.7 ± 0.5 years for
the endometriosis group (p < 0.01).
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Table 2. Comparison of age and AMH levels between the reference group and EMS groups.

Age (yr) N Age (yr)
Mean ± SD

AMH (ng/mL)
Mean ± SD

(95% CI)
25th Percentile 50th Percentile

(Median) 75th Percentile Bootstrap
95% CI

Ref. EMS Ref. EMS p-Value Ref. EMS * p-Value Ref. EMS * (N) Ref. EMS * (N) Ref. EMS * (N) EMS *

20–31 377 168 29.1 ± 0.1 26.9 ± 3.1 <0.01 4.94 ± 0.17
(4.61–5.25)

5.96 ± 3.22
(5.47–6.44) <0.01 2.5 3.29 (24) 4.2 5.68 (57) 6.65 7.75 (108) 5.14–6.05

32–34 331 30 33.1 ± 0.4 32.8 ± 0.8 0.06 4.25 ± 0.17
(3.92–4.57)

4.49 ± 3.33
(3.30–5.68) 0.70 2.00 2.50 (5) 3.70 4.00 (13) 5.70 5.36 (23) 2.85–4.56

35–37 283 31 35.9 ± 0.5 36.1 ± 0.8 0.85 3.22 ± 0.15
(2.92–3.51)

4.33 ± 3.06
(3.25–5.40) 0.05 1.20 2.19 (2) 2.60 3.42 (9) 4.40 6.37 (17) 2.70–5.08

38–40 173 34 39.0 ± 0.6 38.9 ± 0.8 0.94 2.13 ± 0.15
(1.83–2.44)

2.51 ± 2.58
(1.65–3.38) 0.39 0.80 0.76 (9) 1.50 1.49 (17) 2.60 3.58 (24) 1.13–2.28

41–43 87 26 41.7 ± 0.1 41.8 ± 0.8 0.52 1.47 ± 0.13
(1.21–1.71)

1.33 ± 1.43
(0.78–1.88) 0.62 0.60 0.21 (12) 1.30 0.70 (15) 2.00 2.26 (17) 0.34–2.06

≥44 47 9 45.6 ± 0.3 44.7 ± 0.5 <0.01 0.95 ± 0.14
(0.68–1.23)

0.93 ± 0.68
(0.49–1.37) 0.94 0.40 0.40 (2) 0.60 1.15 (3) 1.30 1.37 (6) 0.13–1.67

AMH: anti-Müllerian hormone; N: number; Ref: Reference; EMS: endometriosis; SD: standard deviation; CI: confidence interval; Yr: year. Data presented in bold indicates statistical
significance. * AMH values were corrected with the regression equation: (Mean Cobas (ng/mL) − 0.1618)/0.6691 = Mean Beckman Coulter (R2 = 1).
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3.2. Mean AMH of Each Age Group

A trend of decreasing AMH levels with age was observed in the endometriosis group,
as shown in Supplemental Figure S1. When comparing the mean AMH concentrations
between the endometriosis group and reference values, not all endometriosis groups ex-
hibited significantly different AMH levels compared to the reference group (Figure 2).
Among 168 participants aged 20–31 years, the corrected mean AMH concentration was
5.96 ± 3.22 ng/mL, which is slightly higher than the reference value of 4.94 ± 0.17 ng/mL
(p < 0.01). There were 30 participants aged between 32 and 34 years, and the corrected av-
erage AMH value was 4.49 ± 3.33 ng/mL for them, compared to the reference AMH
value of 4.25 ± 0.17 ng/mL (p = 0.70). The corrected mean AMH concentration of
31 participants aged 35–37 years was 4.33 ± 3.06 ng/mL, whereas the reference AMH
level was 3.22 ± 0.15 ng/mL (p = 0.05). Among 34 participants aged 38–40 years, the cor-
rected average AMH value was 2.51 ± 2.58 ng/mL, compared to the reference value of
2.13 ± 0.15 ng/mL (p = 0.39). The corrected average AMH level for 26 participants aged
41–43 years was 1.33 ± 1.43 ng/mL, while the reference value was 1.47 ± 0.13 ng/mL
(p = 0.62). Among nine participants aged over 44 years, the corrected mean AMH concen-
tration was 0.93 ± 0.68 ng/mL, compared to the reference value of 0.95 ± 0.14 ng/mL
(p = 0.94; Table 2).

Figure 2. Age-specific comparison of AMH levels between EMS and reference groups using me-
dian and interquartile range (IQR). Vertical error bars represent the 25th and 75th percentiles.
Asterisks (*) indicate statistically significant differences in the median based on bootstrap 95%
confidence intervals.

3.3. Percentile AMH Concentration of Each Age Group

The 25th, 50th, and 75th percentile values of serum AMH levels were compared
with the reference intervals. In Figure 2, the 25th–75th percentiles are represented as
the vertical error bars. The median and interquartile ranges of the reference and EMS
groups are compared in Table 2 and illustrated in Figure 2. The percentiles of AMH
concentrations for the reference and the corrected percentiles of AMH concentrations for
the endometriosis group are presented in Figure 3. As age increases, AMH levels exhibit a
decreasing trend. However, it is difficult to consistently determine whether the reference
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values or those of the corrected endometriosis group are higher. As shown in Table 2
and Figures 2 and 3, according to the bootstrap method, the 20–31 and 35–37-year-old age
group showed statistically significant differences in percentile values between the control
and EMS groups.

Figure 3. AMH percentiles (25th, median, 75th) plotted by age group for EMS and reference popula-
tions. Each percentile is shown as an independent line. Asterisks (*) mark significant differences in
median values identified by bootstrap analysis.

4. Discussion
As the age at marriage increases and the use of assisted reproductive technology grows,

serum AMH levels become crucial in assessing female fertility [25–27]. AMH is produced
by the granulosa cells of growing follicles up to 8 mm in size [17]. Given that AMH is
secreted by small antral follicles that are independent of gonadotropins, its levels remain
stable throughout both intra- and inter-cycle variations [28]. This stability is one reason
why AMH is widely used to measure the ovarian reserve among various biomarkers.

Women are born with a finite number of primordial follicles, and by the age of
30 years, the number of these primordial follicles begins to decline, leading to reduced
ovarian reserve [25]. This decrease in follicle count contributes to an age-related decline in
AMH levels [29]. According to our study, AMH levels decrease with age; however, women
with endometriosis do not have lower AMH levels compared to those with normal ovaries.
This finding is not consistent with some previous studies [9,10]. In contrast, some stud-
ies have reported that women with endometriotic ovarian cysts have significantly lower
AMH levels compared to those with other benign cysts [30]. Patients with endometrio-
sis have been reported to have low preoperative AMH levels [5,31,32]. Endometriosis,
characterized by an estrogen-dependent chronic inflammatory status, leads to notable
alterations in both the function and structure of the ovarian follicles [23,33]. Granulosa cells
in endometriotic cysts are impacted by oxidative stress, inflammation, disrupted energy
metabolism, apoptosis, and inappropriate steroidogenesis [34,35]. Estrogen promotes pro-
liferation, invasion, and self-estrogen production in the endometrial stromal cells of ectopic
lesions [35]. It also stimulates the production of pro-inflammatory factors, and long-term
exposure increases the level of transforming growth factor beta-1, contributing to fibrotic
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tissue formation [35–38]. Increased apoptosis of granulosa cells during endometriosis is
associated with disruptions in the cell cycle [39,40]. Previous studies have indicated that
apoptotic bodies resulting from this process reduce oocyte recovery time and increase
the number of empty follicles [35]. These inflammatory, fibrotic, apoptotic, and oxidative
stresses associated with endometriosis negatively affect the ovarian reserve [35].

However, some previous studies have reported that individuals with endometriosis do
not have lower AMH levels compared to controls [5,24,41,42]. The control group consisted
of age-matched women with no known or suspected endometriosis, based on medical
history and ultrasonography. Some studies found no significant difference in AMH levels
between individuals with endometriosis and controls, suggesting that AMH alone may not
be a reliable predictor of ovarian reserve [41]. Others have reported that endometriosis itself
does not affect oocyte quality [42]. One study evaluated follicular IL-6 levels, which are
associated with inflammatory responses, and reported that despite elevated IL-6 levels, the
follicular AMH levels in the endometriosis group were not lower than those in the control
group [42]. Another study reported that a reduction in AMH levels is associated only
with a history of endometrioma surgery, rather than with the presence of endometriosis
itself [24].

In the current study, although the mean AMH concentrations were lower in the
20–31-year-old control group, no statistically significant differences were observed in the
other age groups. This might be related to age, as the average age of the EMS group within
the 20–31 age range was younger than that of the control group. The lack of significance
may be due to the small sample size and the use of different AMH assay methods. Given
that AMH levels naturally decline with age, the findings of this study do not support the
conclusion that individuals with endometriosis have lower AMH levels than those without
the condition.

This study had some limitations. Despite the higher prevalence of endometriosis in
Asia, this study had small sample sizes in certain age groups. Due to the limited sample
size, although the mean AMH level in the endometriosis group was lower, the p-value
did not reach significance. However, by including both prospective and retrospective
cohort participants, this study aimed to increase the sample size and enhance statistical
power. Analyzing prospective and retrospective data together can introduce challenges
such as selection bias, information bias, and statistical handling issues due to differences in
enrollment timing. To address this, participants with missing AMH values were excluded
from the analysis. Additionally, since AMH levels are not influenced by the timing of
enrollment, combining data from both cohorts did not compromise the accuracy of the
analysis. Another limitation of this study is that the reference AMH levels and the AMH
levels in the endometriosis group were measured using different assays. Although a
regression equation based on precision and comparison testing was applied to minimize
bias, this discrepancy may still have introduced variability. Generalization bias may arise
depending on the sample size used to develop the regression equation. Therefore, future
studies should be conducted with larger sample sizes using the same AMH assay to ensure
consistency and accuracy. Another limitation of this study is that the reference AMH levels
were obtained from previously published research, in which the inclusion and exclusion
criteria were not clearly defined. Since the purpose of that study was to establish age-related
reference values, we assumed that participants did not have any gynecological conditions.
However, it remains unclear whether individuals with ovarian cysts or those using oral
contraceptives were included, which introduces potential variability in the reference data.
The strength of this study was that it compared the AMH levels of Korean women with
endometriosis with the reference AMH values of women with healthy ovaries. Since the
prevalence of endometriosis is higher in Asia compared to that in other ethnicities [43], the
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results of this study will contribute to the understanding of the nature of endometriosis in
relation to the ovarian reserve.

5. Conclusions
As women age, AMH concentrations decrease, regardless of whether they have healthy

ovaries or ovaries affected by endometriosis. Compared with individuals with healthy
ovaries, those with endometriosis did not show significantly lower AMH values. Since
AMH levels in the endometriosis group remain controversial, further studies with larger
sample sizes and standardized AMH assays are needed.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm14134495/s1, Figure S1: Age-specific anti-müllerian hormone
(AMH) in the endometriosis group; Figure S2: Anti-müllerian hormone (AMH) concentration of
in the endometriosis group The 25th–75th percentiles are represented as boxes, with the median
indicated by the midline. The maximum and minimum values are shown as bars extending above
and below the box.

Author Contributions: Conceptualization, Y.S.C. and B.H.Y.; Data curation, Y.S.C.; Methodology,
Y.S.C., E.C., J.K.B. and B.H.Y.; Investigation, Y.S.C.; Formal analysis, Y.S.C. and B.H.Y.; Visualization,
Y.S.C.; Supervision, B.H.Y.; Validation, B.H.Y.; Writing—original draft, Y.S.C.; Writing—review and
editing, Y.S.C., E.C., J.K.B., H.K. and B.H.Y.; Resources, B.H.Y.; Project administration, B.H.Y.; Funding
acquisition, B.H.Y. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by a grant from the Korea Health Technology R&D Project
through the Korea Health Industry Development Institute (KHIDI), funded by the Ministry of Health
& Welfare, Republic of Korea (grant number: 2022R1F1A106419012).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of Yonsei University Health System,
Severance Hospital, Institutional Review Board (4-2024-0787 and date of approval, 8 August 2024).

Informed Consent Statement: All participants provided written informed consent.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors upon request.

Acknowledgments: The Biostatistics Collaboration Unit (BCU) at Yonsei University College of
Medicine assisted with the statistical analysis of data. Special thanks go to the statisticians Hayan
Kim and Hyun Su Jang.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.

References
1. Kim, H.; Lee, M.; Hwang, H.; Chung, Y.-J.; Cho, H.-H.; Yoon, H.; Kim, M.; Chae, K.-H.; Jung, C.Y.; Kim, S. The estimated

prevalence and incidence of endometriosis with the korean national health insurance service-national sample cohort (nhis-nsc): A
national population-based study. J. Epidemiol. 2021, 31, 593–600. [CrossRef] [PubMed]

2. Kim, H.K.; Kim, E.-S.; Park, K.S.; Lee, Y.J.; Ha, I.-H. Current treatments for endometriosis in south korea: An analysis of
nationwide data from 2010 to 2019. Sci. Rep. 2023, 13, 9573. [CrossRef] [PubMed]

3. Medina-Perucha, L.; Pistillo, A.; Raventós, B.; Jacques-Aviñó, C.; Munrós-Feliu, J.; Martínez-Bueno, C.; Valls-Llobet, C.; Carmona,
F.; López-Jiménez, T.; Pujolar-Díaz, G. Endometriosis prevalence and incidence trends in a large population-based study in
catalonia (spain) from 2009 to 2018. Women’s Health 2022, 18, 17455057221130566. [CrossRef] [PubMed]

4. Moradi, Y.; Shams-Beyranvand, M.; Khateri, S.; Gharahjeh, S.; Tehrani, S.; Varse, F.; Tiyuri, A.; Najmi, Z. A systematic review on
the prevalence of endometriosis in women. Indian J. Med. Res. 2021, 154, 446–454. [CrossRef]

5. Lessans, N.; Gilan, A.; Dick, A.; Bibar, N.; Saar, T.D.; Porat, S.; Dior, U.P. Ovarian reserve markers of women with superficial
endometriosis. Int. J. Gynecol. Obstet. 2024, 165, 696–702. [CrossRef]

https://www.mdpi.com/article/10.3390/jcm14134495/s1
https://www.mdpi.com/article/10.3390/jcm14134495/s1
https://doi.org/10.2188/jea.JE20200002
https://www.ncbi.nlm.nih.gov/pubmed/32863371
https://doi.org/10.1038/s41598-023-36291-1
https://www.ncbi.nlm.nih.gov/pubmed/37311821
https://doi.org/10.1177/17455057221130566
https://www.ncbi.nlm.nih.gov/pubmed/36281527
https://doi.org/10.4103/ijmr.IJMR_817_18
https://doi.org/10.1002/ijgo.15310


J. Clin. Med. 2025, 14, 4495 11 of 12

6. Shin, J.S.; Kim, S.; Choi, J.Y.; Hong, K.; Shim, S.; Jung, Y.W.; Seong, S.J.; Jun, H.S.; Kim, M.-L. Pregnancy outcomes and obstetrical
complications of twin pregnancies with endometriosis: A single-center cohort study. Yonsei Med. J. 2024, 65, 356–362. [CrossRef]

7. Bai, S.W.; Cho, H.J.; Kim, J.Y.; Jeong, K.A.; Kim, S.K.; Cho, D.J.; Song, C.H.; Park, K.H. Endometriosis in an adolescent population:
The severance hospital in korean experience. Yonsei Med. J. 2002, 43, 48–52. [CrossRef]

8. Pacchiarotti, A.; Iaconianni, P.; Caporali, S.; Vitillo, M.; Meledandri, M.; Monaco, G.; Sergio, C.; Boza, M.; Saccucci, P. Severe
endometriosis: Low value of amh did not affect oocyte quality and pregnancy outcome in ivf patients. Eur. Rev. Med. Pharmacol.
Sci. 2020, 24, 11488–11495.

9. Muzii, L.; Di Tucci, C.; Di Feliciantonio, M.; Galati, G.; Di Donato, V.; Musella, A.; Palaia, I.; Panici, P.B. Antimüllerian hormone is
reduced in the presence of ovarian endometriomas: A systematic review and meta-analysis. Fertil. Steril. 2018, 110, 932–940.e931.
[CrossRef]

10. Romanski, P.A.; Brady, P.C.; Farland, L.V.; Thomas, A.M.; Hornstein, M.D. The effect of endometriosis on the antimüllerian
hormone level in the infertile population. J. Assist. Reprod. Genet. 2019, 36, 1179–1184. [CrossRef]

11. Zakhari, A.; Delpero, E.; McKeown, S.; Tomlinson, G.; Bougie, O.; Murji, A. Endometriosis recurrence following post-operative
hormonal suppression: A systematic review and meta-analysis. Hum. Reprod. Update 2021, 27, 96–107. [CrossRef] [PubMed]

12. Wheeler, J.M.; Malinak, L.R. Recurrent endometriosis: Incidence, management, and prognosis. Am. J. Obstet. Gynecol. 1983,
146, 247–253. [CrossRef] [PubMed]

13. Guo, S.-W. Recurrence of endometriosis and its control. Hum. Reprod. Update 2009, 15, 441–461. [CrossRef] [PubMed]
14. Jirge, P.R. Ovarian reserve tests. J. Hum. Reprod. Sci. 2011, 4, 108–113. [CrossRef]
15. La Marca, A.; Volpe, A. Anti-müllerian hormone (amh) in female reproduction: Is measurement of circulating amh a useful tool?

Clin. Endocrinol. 2006, 64, 603–610. [CrossRef]
16. Yoo, J.H.; Kim, H.O.; Cha, S.W.; Park, C.W.; Yang, K.M.; Song, I.O.; Koong, M.K.; Kang, I.S. Age specific serum anti-müllerian

hormone levels in 1,298 korean women with regular menstruation. Clin. Exp. Reprod. Med. 2011, 38, 93–97. [CrossRef]
17. Moolhuijsen, L.M.; Visser, J.A. Anti-müllerian hormone and ovarian reserve: Update on assessing ovarian function. J. Clin.

Endocrinol. Metab. 2020, 105, 3361–3373. [CrossRef]
18. Hehenkamp, W.J.; Looman, C.W.; Themmen, A.P.; de Jong, F.H.; Te Velde, E.; Broekmans, F.J. Anti-mullerian hormone levels in

the spontaneous menstrual cycle do not show substantial fluctuation. J. Clin. Endocrinol. Metab. 2006, 91, 4057–4063. [CrossRef]
19. Nelson, S.; La Marca, A. The journey from the old to the new amh assay: How to avoid getting lost in the values. Reprod. Biomed.

Online 2011, 23, 411–420. [CrossRef]
20. Kasapoglu, I.; Ata, B.; Uyaniklar, O.; Seyhan, A.; Orhan, A.; Oguz, S.Y.; Uncu, G. Endometrioma-related reduction in ovarian

reserve (error): A prospective longitudinal study. Fertil. Steril. 2018, 110, 122–127. [CrossRef]
21. Pedachenko, N.; Anagnostis, P.; Shemelko, T.; Tukhtarian, R.; Alabbas, L. Serum anti-mullerian hormone, prolactin and estradiol

concentrations in infertile women with endometriosis. Gynecol. Endocrinol. 2021, 37, 162–165. [CrossRef]
22. Tian, Z.; Zhang, Y.; Zhang, C.; Wang, Y.; Zhu, H.-L. Antral follicle count is reduced in the presence of endometriosis: A systematic

review and meta-analysis. Reprod. Biomed. Online 2021, 42, 237–247. [CrossRef] [PubMed]
23. Tan, Z.; Gong, X.; Wang, C.C.; Zhang, T.; Huang, J. Diminished ovarian reserve in endometriosis: Insights from in vitro, in vivo,

and human studies—A systematic review. Int. J. Mol. Sci. 2023, 24, 15967. [CrossRef] [PubMed]
24. Streuli, I.; de Ziegler, D.; Gayet, V.; Santulli, P.; Bijaoui, G.; de Mouzon, J.; Chapron, C. In women with endometriosis anti-müllerian

hormone levels are decreased only in those with previous endometrioma surgery. Hum. Reprod. 2012, 27, 3294–3303. [CrossRef]
[PubMed]

25. Dewailly, D.; Laven, J. Amh as the primary marker for fertility. Eur. J. Endocrinol. 2019, 181, D45–D51. [CrossRef]
26. Choi, R.; Lee, S.G.; Lee, E.H. Reference intervals of anti-müllerian hormone in korean women. J. Clin. Lab. Anal. 2022, 36, e24525.

[CrossRef]
27. Kanakatti Shankar, R.; Dowlut-McElroy, T.; Dauber, A.; Gomez-Lobo, V. Clinical utility of anti-mullerian hormone in pediatrics.

J. Clin. Endocrinol. Metab. 2022, 107, 309–323. [CrossRef]
28. Shrikhande, L.; Shrikhande, B.; Shrikhande, A. Amh and its clinical implications. J. Obstet. Gynecol. India 2020, 70, 337–341.

[CrossRef]
29. Ji, M.; Kim, K.-R.; Kim, H.-K.; Lee, W.; Yun, Y.-M.; Chun, S.; Min, W.-K. Age group-specific reference intervals for the elecsys

anti-müllerian hormone assay in healthy korean women: A nationwide population-based study. Ann. Lab. Med. 2022, 42, 621–629.
[CrossRef]

30. Jeon, J.H.; Park, S.Y.; Lee, S.R.; Jeong, K.; Chung, H.W. Serum anti-müllerian hormone levels before surgery in patients with
ovarian endometriomas compared to other benign ovarian cysts. J. Menopausal Med. 2015, 21, 142–148. [CrossRef]

31. Chen, Y.; Pei, H.; Chang, Y.; Chen, M.; Wang, H.; Xie, H.; Yao, S. The impact of endometrioma and laparoscopic cystectomy on
ovarian reserve and the exploration of related factors assessed by serum anti-mullerian hormone: A prospective cohort study.
J. Ovarian Res. 2014, 7, 108. [CrossRef] [PubMed]

https://doi.org/10.3349/ymj.2023.0099
https://doi.org/10.3349/ymj.2002.43.1.48
https://doi.org/10.1016/j.fertnstert.2018.06.025
https://doi.org/10.1007/s10815-019-01450-9
https://doi.org/10.1093/humupd/dmaa033
https://www.ncbi.nlm.nih.gov/pubmed/33020832
https://doi.org/10.1016/0002-9378(83)90744-5
https://www.ncbi.nlm.nih.gov/pubmed/6859132
https://doi.org/10.1093/humupd/dmp007
https://www.ncbi.nlm.nih.gov/pubmed/19279046
https://doi.org/10.4103/0974-1208.92283
https://doi.org/10.1111/j.1365-2265.2006.02533.x
https://doi.org/10.5653/cerm.2011.38.2.93
https://doi.org/10.1210/clinem/dgaa513
https://doi.org/10.1210/jc.2006-0331
https://doi.org/10.1016/j.rbmo.2011.06.011
https://doi.org/10.1016/j.fertnstert.2018.03.015
https://doi.org/10.1080/09513590.2020.1855634
https://doi.org/10.1016/j.rbmo.2020.09.014
https://www.ncbi.nlm.nih.gov/pubmed/33168492
https://doi.org/10.3390/ijms242115967
https://www.ncbi.nlm.nih.gov/pubmed/37958954
https://doi.org/10.1093/humrep/des274
https://www.ncbi.nlm.nih.gov/pubmed/22821432
https://doi.org/10.1530/EJE-19-0373
https://doi.org/10.1002/jcla.24525
https://doi.org/10.1210/clinem/dgab687
https://doi.org/10.1007/s13224-020-01362-0
https://doi.org/10.3343/alm.2022.42.6.621
https://doi.org/10.6118/jmm.2015.21.3.142
https://doi.org/10.1186/s13048-014-0108-0
https://www.ncbi.nlm.nih.gov/pubmed/25424986


J. Clin. Med. 2025, 14, 4495 12 of 12

32. Celik, H.G.; Dogan, E.; Okyay, E.; Ulukus, C.; Saatli, B.; Uysal, S.; Koyuncuoglu, M. Effect of laparoscopic excision of endometri-
omas on ovarian reserve: Serial changes in the serum antimüllerian hormone levels. Fertil. Steril. 2012, 97, 1472–1478. [CrossRef]
[PubMed]

33. Sanchez, A.M.; Somigliana, E.; Vercellini, P.; Pagliardini, L.; Candiani, M.; Vigano, P. Endometriosis as a detrimental condition for
granulosa cell steroidogenesis and development: From molecular alterations to clinical impact. J. Steroid Biochem. Mol. Biol. 2016,
155, 35–46. [CrossRef] [PubMed]

34. Casalechi, M.; Di Stefano, G.; Fornelli, G.; Somigliana, E.; Viganò, P. Impact of endometriosis on the ovarian follicles. Baillieres Best
Pract. Res. Clin. Obstet. Gynaecol. 2023, 92, 102430. [CrossRef]

35. Fan, W.; Yuan, Z.; Li, M.; Zhang, Y.; Nan, F. Decreased oocyte quality in patients with endometriosis is closely related to abnormal
granulosa cells. Front. Endocrinol. 2023, 14, 1226687. [CrossRef]
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