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Purpose: To explore the value of anti-Mullerian hormone (AMH) in patients with poly-
cystic ovary syndrome (PCOS) with different phenotypes and ages, and to identify the
relationship between hyperandrogenism (HA) and polycystic ovary morphology (PCOM),
in a Chinese cohort.

Methods: A total of 2262 women (1631 with PCOS and 631 controls) were enrolled. The serum
AMH and total testosterone (TT) were analyzed, the AMH levels of each subgroup were
compared, and the value of each phenotype and age group of patients with PCOS was evaluated.
Results: The level of AMH in women with PCOS (mean+SD, 8.63+4.73 ng/mL) was higher than
that in controls (5.57+3.31 ng/mL) (P<0.01). The level of AMH in the PCOM subgroup (11.19+6.4
ng/mL) was significantly higher than that in the HA subgroup (8.584+4.74 ng/mL) (P<0.01), and
both were higher than that in controls (P<0.01). AMH was higher in PCOS patients than in
controls, but the same values were found in subgroups of PCOS patients under 30 years old.
Conclusion: AMH changed in different subgroups of PCOS, which was the possible reason
why AMH was not a diagnostic indicator. However, AMH could help to differentiate
between clinical subgroups, as it was strongly related with PCOM but not with HA. AMH
changed substantially with age, but was stable in PCOS patients under 30 years old.
Keywords: anti-Mullerian hormone, polycystic ovary syndrome, hyperandrogenism,
polycystic ovary morphology

Introduction

Polycystic ovary syndrome (PCOS) is one of the most common endocrine
disorders, affecting 8-13% of women of reproductive age. It is characterized
by anovulation, hyperandrogenism (HA), and polycystic ovary morphology
(PCOM).! There are many phenotypes of the syndrome, including hyperandro-
genism combined with ovulatory dysfunction, hyperandrogenism combined with
polycystic ovarian morphology, ovulatory dysfunction combined with polycystic
ovarian morphology, oligo-ovulation combined with polycystic ovarian morphol-
ogy, and hyperandrogenism alone. Because of the large individual differences
between women with PCOS, there are no exact effects of clinical treatment.
Moreover, there are currently no relevant specific serological markers to identify
subgroups for specific therapy initially. As a member of the transforming growth
factor-f family, anti-Mullerian hormone (AMH), produced by granulosa cells in
preantral and small antral ovarian follicles, can reflect the ovarian reserve and
ovarian function.” Serum AMH levels in PCOS are elevated two- to three-fold
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and are positively correlated with PCOM and serum
androgen levels;>* therefore, AMH may be a potential
marker for the diagnosis of PCOS.> Although there are
a number of studies and consensus on the relationship
between AMH and PCOS, it is not yet used as
a diagnostic criterion. Whether this is related to the
presence of variability in the PCOS subgroup remains
unclear. Therefore, this study was carried out to investi-
gate the distribution of AMH between subgroups of
young PCOS patients in a Chinese cohort, to better
understand the possible diagnostic and follow-up value
of AMH in PCOS.

Patients and Methods
Study Population

The study included 2262 women with complaints of men-
strual disorders, aged 16-29 years, in the outpatient gyne-
cology department of The First Affiliated Hospital of
Chongqging Medical University, from May 2018 to
May 2020. The population was divided into a PCOS
group of 1631 cases (1161 in the HA subgroup, 470 in
the PCOM subgroup, and 399 in the HA+PCOM sub-
group) and a control group of 631 cases, according to the
Rotterdam criteria.’

The Rotterdam criteria for PCOS state that two out of
the following three criteria must be present: 1) oligo- or
anovulation (OA) is a necessary condition for diagnosis;
plus another one of the following two criteria: 2) clinical
or biochemical hyperandrogenemia; or 3) PCOM (pre-
sence of 12 follicles measuring 2-9 mm in diameter in
each ovary and/or increased ovarian volume [>10 mL])
under ultrasound.

The patient groups comprised the PCOS subpheno-
types of OA+HA (irrespective of PCOM status), OA
+PCOM (irrespective of HA status), and OA+HA
+PCOM groups. The controls were patients who had men-
strual disorders only but did not have PCOM on ultra-
sound or the clinical or biochemical manifestations of HA.

The exclusion criteria were: 1) endocrine diseases
other than PCOS that cause ovulation disorders, such as
hyperprolactinemia, congenital dysfunction of the adrenal
cortex, thyroid disorders, Cushing syndrome and disease,
and tumors of the pelvic organs; 2) pregnancy; 3) total
testosterone (TT) <0.1 ng/mL or AMH >23.5 ng/mL; 4)
over 30 years old; 5) a history of using drugs such as

insulin sensitizers and oral contraceptives within 3 months.

Study Methods

TT and AMH were measured on days 2—4 of the spontaneous
menstrual cycle or on any day for women with amenorrhea.
Serum AMH and TT
a electrochemiluminescence method using the Beckman
DXI800 instrument. HA was defined as TT >0.5 ng/mL in
our study.

levels were measured by

Vaginal ultrasound was performed in the early follicu-
lar period (for women with regular menstruation) or in the
state of no dominant follicle (transabdominal ultrasound
was performed if the woman was not sexually active),
measuring the length, cross diameter, front and rear
diameters of the ovaries, and the size and number of
follicles in each ovary. PCOM was defined as the presence
of 12 follicles measuring 2-9 mm in diameter in each
ovary and/or increased ovarian volume (>10 mL).

The study was approved by the Ethics Committee of
The First Affiliated Hospital of Chongqing Medical
University. Because this was a retrospective observational
study with no intervention, formal ethical approval and
written consent were not required. The study protocol
was conducted in accordance with the Declaration of
Helsinki.

Statistical Analysis

Analyses were performed with using SPSS 26.0 statistics
software. The Shapiro—Wilk test was used to test whether
the variables fitted a normal distribution. Comparison of
variables with a normal distribution was performed by the
parametric Student’s #-test, while continuous variables
were presented as the mean+SD. Parameters that did not
fit the normal distribution (according to the Shapiro—Wilk
test) were analyzed using the median and interquartile
range and the Mann—Whitney U-test. P values of <0.05
were considered statistically significant.

Results
Comparison of AMH Levels Between
PCOS (and Subgroups) and Control

Group

The level of AMH in PCOS (8.63+4.73 ng/mL) was
higher than that in controls (5.57+3.31 ng/mL) (P<0.01).
The AMH levels in the HA, PCOM, and HA+PCOM
subgroups were 8.58+4.74, 11.19+6.4, and 11.45+4.97
ng/mL, respectively, and were higher than that in controls
(P<0.01) (Table 1).
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Table 1 AMH Levels of the Different Groups

Group n AMH (ng/mL) V4 P
Controls 631 5.57+3.31

PCOS 1631 8.63+4.73 14.652 <0.01
HA 1560 8.58+4.74 14.264 <0.01
PCOM 470 11.19+6.4 18.844 <0.01
PCOM+HA 399 11.45+£4.97 18.382 <0.01

Notes: The table shows the comparison between the PCOS group (and subgroups)
and the control group. The AMH levels in the PCOS group, and in the HA, PCOM,
and HA+PCOM subgroups, were all higher than that in controls (P<0.01).
Abbreviations: AMH, anti-Mullerian hormone; PCOS, polycystic ovary syndrome;
HA, hyperandrogenism; PCOM, polycystic ovary morphology.

Comparison of AMH Levels Between

PCOS Subgroups

The level of AMH in the PCOM subgroup (11.19+6.4 ng/
mL) was significantly higher than that in the HA subgroup
(8.5844.74 ng/mL) (P<0.01). The level of AMH in the
PCOM+HA subgroup (11.45+4.97 ng/mL) was signifi-
cantly higher than that in the HA subgroup (P<0.01).
The level of AMH in the PCOM+HA subgroup (11.45
+4.97 ng/mL) was higher than that in the PCOM sub-
group, but this difference
significant (P=0.459) (Table 2).

was not statistically

AMH Levels in Different Age Groups

The AMH levels in the age groups 16-19, 20-25, and 26-29
years old in PCOS patients and controls are listed in Table 3.
The changes in AMH level were roughly the same between
PCOS patients and controls; they all increased at first and
then decreased, reaching the highest level in 20-25-year-old
s, at 9.00+4.89 and 6.14+3.31 ng/mL, respectively.

Discussion

Differences in AMH levels between the different sub-
groups of PCOS may be a reason why AMH is not useful
as a diagnostic indicator. However, AMH differed between

Table 2 AMH Levels of the Different PCOS Subgroups

Group n AMH (ng/mL) z P

PCOM 470 I1.19+6.4 0.741 0.459%
HA 1560 8.58+4.74 10.443 <0.01*
PCOM+HA 399 11.45+4.97 10.359 <0.01%

Notes: *PCOM vs PCOM+HA; *HA vs PCOM+HA; *PCOM vs HA. The table
shows the comparison between the three PCOS subgroups. The AMH level in the
HA+PCOM subgroup was higher than that in the HA group (P<0.01) and that in the
PCOM group (P=0.447). The AMH level in the PCOM subgroup was higher than
that in the HA subgroup (P<0.01).

Abbreviations: AMH, anti-Mullerian hormone; PCOS, polycystic ovary syndrome;
PCOM, polycystic ovary morphology; HA, hyperandrogenism.

Table 3 AMH Levels of Age-Stratified Groups of PCOS Patients
and Controls

Age N AMH (ng/mL) P
(years)

PCOS | Controls | PCOS Controls
16-19 226 103 8.84+4.52 | 5.98+3.62 | <0.01
20-25 775 218 9.00+4.89 | 6.14+£3.31 | <0.01
26-29 630 310 8.10+4.56 | 5.03+3.11 | <0.01
N 1631 631 8.63+4.73 | 5.57+3.31

Notes: The table shows the AMH levels in different age groups of PCOS patients
and controls. The change in AMH with age in PCOS is roughly the same as that in
controls, reaching the highest level in the 20-25-year-old age group.

Abbreviations: AMH, anti-Mullerian hormone; PCOS, polycystic ovary syndrome.

the clinical subgroups, being strongly related to PCOM but
not to HA. AMH levels changed greatly with age, but were
stable in PCOS patients under 30 years old.

AMH Levels and PCOS

AMH is secreted by the granulosa cells in the preantral and
small antral follicles. Several studies have shown that the
level of AMH is two- to three-fold higher in women with
PCOS than in healthy women of childbearing age, probably
owing to the increased follicular mass or follicular
hypersecretion.®* Studies have also suggested that the over-
expression of AMHR2, an intrinsic dysregulation of the
granulosa cells themselves, may be related to excessive
AMH.”® Another study found that AMH receptors expressed
in human gonadotropin-releasing hormone (GnRH) neurons
can directly increase GnRH-dependent luteinizing hormone
(LH) secretion, thus favoring AMH production.” Serum
AMH detection, as a non-invasive method, is not affected
by the menstrual cycle or the non-fasting state, so it has
potential as a new marker for the diagnosis of PCOS.
Possible reasons for AMH not having been used as
a diagnostic marker before nowinclude the different methods
of detection, the influence of age, and the body mass index
(BMI).'*'2 In this clinical analysis, the variation in AMH in
each subgroup may also be one of the reasons why it cannot
be used as a diagnostic marker of PCOS, since AMH was
significantly affected by different characteristics of PCOS.
Without PCOM, the mean value of AMH was the same for
PCOS patients and healthy controls; however, there are no
clear cut-off values for AMH concentrations as for total and
free testosterone, especially in adolescents.'®> All of these
factors contribute to the lack of standardization and appro-
priate cut-offs for the different conditions."*

Our study showed that women with PCOS had signifi-
cantly higher AMH levels compared with controls, and
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this was true even for women who did not have HA or
PCOM. Our study also demonstrated that AMH was posi-
tively correlated with the severity of PCOS phenotype,
which was consistent with previous studies.'® The ovula-
tory dysfunction with HA phenotype (1560 cases) was the
most prevalent form in our Chinese patient cohort, the
ovulatory dysfunction with PCOM phenotype (470 cases)
was less common, and the classic phenotype (399 cases)
having all three features of the syndrome was seen the
least but had the highest mean AMH level, as we expected.
Furthermore, the diagnostic value of AMH was limited for
the classic phenotype, possibly because the presence of
irregular cycles and HA was sufficient for the diagnosis.'”
Although researchers in a study involving 392 Turkish
women with PCOS found that AMH had poor to fair
ability to diagnose the syndrome in OA+HA and OA
+PCOM phenotypes,'® the result may not be applicable
to our Chinese PCOS cohort. In our population, especially
in the only HA (1161/1631) and PCOM (71/1631) subsets,
the AMH level was obviously higher than that in controls.
In those two subgroups, the AMH level could reflect
independently the presence of HA and PCOM, so AMH
still had a certain auxiliary diagnostic value for PCOS.

Relationship Between AMH and HA or
PCOM

Our study indicated that the increase in AMH was the
result of HA and PCO together, consistent with previous
research.'” The serum AMH in the PCOM+non-HA group
was higher than that in the HA+non-PCOM group (9.57
+4.3 vs 7.6+4.23 ng/mL), which showed that PCOM had
a strong relationship with intrinsic secretion of AMH.
AMH could be used as a more sensitive alternative bio-
marker for follicular number per ovary (FNPO) in the
diagnosis of PCOM,18 and, to some extent, could also
remedy the false-negative results of ultrasound examina-
tion (including the effect of transabdominal ultrasound on
follicular count in asexual women, and particularly in
obese patients); conversely, with the advances in ultra-
sound equipment, the new international guidelines have
redefined the PCOM cut-off to a threshold of >20 FNPO,°
which could reduce the diagnostic rate of PCOS.
Therefore, AMH seems likely to replace FNPO as the
marker of PCOM because it can not only represent the
increasing basic follicles but also reflect the pathological
state of hypersecretion of the follicles to a certain extent.

HA had a weaker relationship in our results, which
differed from some previous findings which reported
a positive correlation between serum AMH and TT*%*'
and found that AMH levels were higher in PCOS when
HA was present.”> The AMH level in the HA+non-PCOM
group (1161/1631) was higher than that in the healthy
control group (7.6+4.23 vs 5.57+3.31 ng/mL) in our
study. Androgens stimulate follicle-stimulating hormone
receptor (FSHR) expression and promote follicular
growth, which leads to elevated AMH production. The
elevated AMH suppresses aromatase expression in granu-
losa cells, and hinders the transformation of androgen to
estrogen, which contributes to the increased androgen
level.?® This mutually reinforced interaction between
AMH and HA may be the reason for PCOS.

AMH and Age

As a biomarker of the number of ovarian antrum follicles,
AMH declines with increasing age.* Since the AMH level is
obviously reduced after 30 years of age, we chose patients
under 30 years old, to more accurately detect the disparity in
AMH between the PCOS and non-PCOS cohorts without
interference from age factors. Despite the lack of an interna-
tional standard for AMH, according to the recent international
guideline, the areas under the ROC curve of AMH for the
diagnosis of PCOS range from 0.66 to 0.994 and the threshold
cut-off values range from 10 to 57 pmol/L;' thus, significant
heterogeneity exists and it can be confusing for clinicians to
refer to these guidelines. In our study, we divided AMH levels
into three age groups, 16-19, 21-25, and 26-29 years old,
which could provide more detailed standards for PCOS diag-
nosis. Moreover, another study found that AMH levels fall
with increasing age in women of reproductive age with PCOS
as well as in healthy controls.®® In our study, AMH
levels increased at first in all age groups, reaching the highest
level in the 20-25-year-old and then decreasing in 26-29-year-
old women, and the same changes were seen in the control
group. AMH levels were high in adolescence, and to some
extent they may overlap with levels in PCOS patients, making
it difficult to differentiate PCOS from controls using AMH
levels.”® Therefore, it would be helpful to have different
standards for certain age groups to diagnose PCOS, although
more detailed age segments and larger population samples are
needed.

Possible Reasons for AMH Variation
An abnormal lipid profile and insulin resistance are com-
mon metabolic disorders in PCOS patients.27 The
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relationship of AMH with these metabolic factors
remains controversial with the current data. A previous
study demonstrated that there was a significant negative
correlation between AMH level and homeostasis model
assessment of insulin resistance (HOMA-IR) or triglycer-
ide levels, and a positive correlation between AMH and
high-density lipoprotein cholesterol (HDL-C) or serum
adiponectin level, so that AMH is also a potential cardi-
ometabolic risk marker in women with PCOS.*
Although the correlation between AMH and BMI
remains unclear, the associations between AMH and
metabolic syndrome were modified by BMI; hence, the
women who had PCOS with normal BMI did not have an
increased risk of metabolic syndrome.?’ The present
study is a retrospective study, and owing to the mobility
of outpatients and incomplete data, metabolic markers
were not included in the clinical data and the correspond-
ing causal analysis data could not be obtained from this
study; we will confirm these data in subsequent
experiments.

Conclusion

In summary, our preliminary study confirmed the diag-
nostic value of AMH in PCOS, especially in
subgroups of PCOS; the presence of PCOM has
a closer relationship with the AMH level than HA,
which means that the AMH level could also play a role
in predicting clinical features and even in guiding the
treatment of PCOS, besides in diagnosis. However, since
the specificity and sensitivity are not high when using
only the AMH level for the diagnosis of PCOS in young
patients, according to a 2016 analysis,*® it is essential to
establish different diagnostic thresholds according to age
or BMI, and even ethnicity and detection methods, which
could make the diagnostic value of AMH more cost-
effective. It is also necessary to combine these factors
with glucose and lipid metabolism factors and to estimate
the potential value of cardiometabolic risk markers in our
further research.

Abbreviations

PCOS, polycystic ovary syndrome; HA, hyperandrogenism;
PCOM, polycystic ovary morphology; AMH, anti-Mullerian
hormone; OA, oligo/anovulation; TT, total testosterone;
BMI, body mass index; FNPO, follicular number per
ovary; FSHR, follicle-stimulating hormone receptor;
HOMA-IR, homeostasis model assessment of insulin resis-

tance; HDL-C, high-density lipoprotein cholesterol.
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