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Abstract

Introduction: Antimullerian hormone (AMH) strongly correlates with ovarian reserve and response to controlled
ovarian stimulation. Emerging data suggests that serum AMH level may also predict ART outcomes. However, AMH
is characteristically elevated in PCOS women and it is unknown whether it may predict live birth outcomes in this
population.

Methods: This was a retrospective cohort study of 184 PCOS women (Rotterdam criteria) who underwent their first
fresh IVF/ICSI cycle. Women were divided into 3 groups according to the <25th (low), 25 to 75th (average), or >
75th (high) percentile of serum AMH concentration. Cycle stimulation parameters and reproductive outcomes were
compared between groups.

Results: Women in the low serum AMH group were older than those in the average or high AMH (p < 0.05), and
required greater gonadotropin dose for stimulation compared to the high AMH group (p < 0.05). Women with high
AMH had greater testosterone level compared to women in the low or average AMH groups. No differences were
noted between groups in terms of maximal E2, oocytes retrieved and fertilization rate. However, low serum AMH
women had significantly greater live birth rates (p < 0.05) and showed a trend towards greater clinical pregnancy
rates compared to women in the average and high AMH groups (p = 0.09). The significant association of AMH with
live birth rate remained after adjusting for age, BMI, day of transfer and number of embryos transferred.

Conclusions: In PCOS women, elevated AMH concentrations are associated with hyperandrogenism and lower live
birth rates.
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Introduction

Anti-Millerian hormone (AMH), or Miillerian inhibiting
substance (MIS), is a member of the transforming
growth factor beta (TGF-P) superfamily. It is an estab-
lished indicator of ovarian reserve and predictor of ovar-
ian response in assisted reproductive technologies (ART)
[1, 2]. AMH plays a role in folliculogenesis by inhibiting
primordial follicular recruitment and FSH-dependent
growth and selection of antral follicles [3]. AMH is pro-
duced exclusively in the granulosa cells of ovarian pre-
antral and small antral follicles. In women with
polycystic ovarian syndrome (PCOS) serum AMH is ele-
vated, around 2 to 4-fold higher than normal, which is
thought to be implicated in the pathogenesis of PCOS.

Polycystic ovarian syndrome affects 5-8% of repro-
ductive age women. Diagnostic hallmarks of PCOS in-
clude oligo or anovulation, hyperandrogenism, and
antral follicular excess on ultrasound [4]. Not only is fol-
licular excess contributing to elevated AMH, but granu-
losa cells in women with PCOS have also been shown to
overproduce AMH [5]. AMH levels are associated with
severity of PCOS and correlate with all three diagnostic
hallmarks of the disease, making it potentially useful as a
diagnostic criterion for PCOS [6—12]. Based on the evi-
dence for the association of AMH with PCOS patho-
physiology, it has been investigated whether serum
AMH may be related to assisted reproductive outcomes
in women with PCOS.

There are many studies that have examined the link be-
tween serum AMH levels and IVF/ICSI outcomes such as
implantation, clinical pregnancy, and live birth rate. AMH
appears to be associated with IVF/ICSI outcomes but is
overall a poor predictor of these outcomes [13—15]. How-
ever, the results of various studies are inconsistent, and
many of these did not include women with PCOS. In
studies that have looked at these relationships in PCOS
women, the results are conflicting. Although some studies
have suggested a positive relationship [11, 16], some
others have suggested an inverse relationship [17] between
AMH concentration and pregnancy rates. Other studies
have gone further to look at these associations based on
PCOS phenotypes [18-20], but no consensus has been
reached. AMH is characteristically elevated in PCOS
women and it is unknown whether it may predict ART
outcomes in this population. Therefore, our goal was to
determine whether serum AMH level is associated with
ART cycle characteristics, pregnancy rates and live birth
outcomes in women with PCOS.

Materials and methods

Study participants

This was a retrospective cohort study of eligible consecu-
tive women which included 184 PCOS patients who
underwent their first fresh IVF/ICSI cycle in our clinic
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between April 2009 and April 2014. Frozen embryo trans-
fers were excluded. Women were stratified into 3 groups
according to the <25th (low), 25 to 75th (average), or >
75th (high) percentile of serum AMH concentration. The
women’s demographics, cycle characteristics and clinical
and laboratory data were extracted from electronic med-
ical records and included the following parameters: age,
body mass index (BMI) (1<g/m2), serum follicle-stimulating
hormone (FSH), luteinizing hormone (LH), AMH, total
testosterone, dehydroepiandrosterone sulfate (DHEAS),
17-OH-progesterone,  thyroid-stimulating ~ hormone
(TSH), and prolactin. The diagnosis of PCOS was made
when at least 2 of the following 3 criteria existed, as pro-
posed by the Rotterdam Consensus Meeting [4]: oligo-
menorrhea or amenorrhea, clinical hyperandrogenism
and/or hyperandrogenemia, and polycystic ovaries. PCOS
diagnosis was established after exclusion of other endo-
crine conditions including hyperprolactinemia, thyroid
disease, Cushing’s syndrome, congenital adrenal hyperpla-
sia, or androgen-secreting tumors. This study was ap-
proved by our institutional review board.

Eligible patients were PCOS women between 18 and
40vyears old and underwent their first fresh IVF/ICSI
treatment cycle. Patients enrolled in an oocyte donation
or gestational surrogacy program were excluded, as well
as patients undergoing preimplantation genetic testing.

Ovarian stimulation and fresh embryo transfer

Ovarian stimulation was performed using a combination
of recombinant FSH (Follistim, Merck or Gonal-f, Ser-
ono) and human menopausal gonadotropin (Menopur,
Ferring). The stimulation protocol included either pituit-
ary downregulation via GnRH agonist in a long protocol
or a GnRH antagonist to prevent premature ovulation.
Dosage was determined by performing follicular tracking
using ultrasound and blood sampling for estradiol levels
every 1-3 days. When at least 6 follicles with a diameter
of 16 mm were detected, either 5000 or 10,000 IU hu-
man chorionic gonadotropin (hCG) was administered as
final oocyte maturation, depending on the estimated risk
for hyperstimulation. 35 h following hCG administration,
oocytes were retrieved under transvaginal sonographic
guided needle puncture. In patients who were deemed
to be at high risk for ovarian hyperstimulation syndrome
(OHSS), all embryos were cryopreserved. Decision to ex-
tend culture of embryos day 5 (vs. day 3) was made at
the physicians’ discretion according to the number of
embryos of good morphological quality on day 3. Vagi-
nal micronized progesterone was administered for luteal
support until 10 weeks of pregnancy.

AMH assay
Random serum AMH levels for each woman, unrelated
to the day of the menstrual cycle, were measured by
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enzyme-linked immunosorbent assay (ELISA) at Repro-
source Inc. (Woburn, MA) as previously described [21].

Main outcome measures

The live birth rate (LBR) per fresh embryo transfer was
the primary outcome parameter in this study, defined as
the number of live birth events (> 24 weeks gestation) di-
vided by the number of embryo transfer procedures.
Secondary outcome measures were implantation rate
and clinical pregnancy rate per embryo transfer. The
implantation rate was calculated as the number of gesta-
tional sacs divided by the number of embryos trans-
ferred. Clinical pregnancy was defined as the presence of
an intrauterine gestational sac on ultrasound performed
at >6weeks after embryo transfer. The clinical
pregnancy rate was calculated as the number of clinical
pregnancies divided by the number of embryo transfer
procedures.

Statistical analysis

The subjects were stratified into three groups according
to the <25th (1 =46), 25 to 75th (1 =92), or >75th (n=
46) percentile of serum AMH concentration. Continuous
data are expressed as mean * standard deviation. Cat-
egorical data are presented by the number of cases and
corresponding percentage. Mean differences between 2
groups were compared using Student t test or Mann-
Whitney test, as appropriate. Baseline and cycle stimula-
tion parameters as well as reproductive outcomes were
compared between groups using Kruskal-Wallis multiple
comparison or chi-square tests. A receiver operating
characteristic (ROC) curve was generated to investigate
the predictive value of AMH level for live birth rate. The
sensitivity and specificity were calculated for the optimal

Table 1 Baseline characteristics
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AMH cutoff level determined by ROC curve analysis.
Univariate analyses of the effect of various variables on
live birth were performed using chi square tests for can-
didate variables that may interact with AMH. In
addition, the odds ratio (OR) for live birth were adjusted
for age, BMI, number of embryos transferred and day of
transfer using the Cochran-Mantel-Haenszel test. The
likelihood of live birth was described as an odds ratio
with standard 95% confidence interval (CI). All signifi-
cance tests were two-tailed and P-value <0.05 were
considered to be statistically significant. SigmaPlot
(Systat Software Inc., Chicago, IL) and MedCalc software
(Mariakerke, Belgium) were used for statistical analysis.

Results

The main baseline characteristics are listed in Table 1,
and cycle characteristics are listed in Table 2. AMH
levels decreased with increasing age of women in our co-
hort, with women in the low AMH group being signifi-
cantly older compared to the average and high AMH
groups. While the literature suggests an inverse relation-
ship between BMI and AMH [22], there was little vari-
ation in BMI between the different AMH level groups in
this study. In agreement with previous literature, a direct
relationship was found between testosterone and AMH
levels [11, 17] with a significant increase in the high
AMH group compared to the average and low AMH
groups. Total testosterone was 35.3 £10.2, 39.2 +12.8,
and 58.0 + 18.7 ng/dl in the <25th, 25 to 75th, and > 75th
percentile, respectively. There was an inverse relation-
ship between AMH levels and gonadotropin dose, which
was significant in the <25th percentile group (3316 +
1288 IU) compared to the 25 to 75th percentile (2587 +
10711U) and > 75th percentile (2252 + 842 1U) groups.

Variable Serum AMH (ng/ml)
PCOS Low, PCOS Average, PCOS High, p-value p-value Low p-value
< 332 332-827 >827 Low vs. High vs. Average Average vs. High
n =46 n=92 n =46
AMH (ng/ml) 21+£08 52+13 128 +43 <0.0001 <0.001 <0.0001
Age (yr) 33.9+40 311435 306+39 <001 <001 NS
BMI (Kg/mz) 265+57 266 +£5.8 269+50 NS NS NS
Total Testosterone (ng/dl) 353+£102 392+128 580+ 187 <0.05 NS <0.05
TSH (mU/L) 15+07 19+09 14408 NS NS NS
Prolactin (ng/mL) 126+6.3 121+104 102+6.1 NS NS NS
Infertility etiology, n (%) NS NS NS
Male factor 27 (58.6) 48 (52) 22 (47.8)
Tubal factor 5(10.9) 6 (6.5) 5(10.9)
Ovulatory 11 (239 34 (36.9) 17 (37.0)
Unexplained/other 3(6.5) 4 (4.3) 2 (43)

AMH, antimullerian hormone; BMI, body mass index; TSH, thyroid stimulating hormone
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Table 2 Cycle characteristics and ART outcomes
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Variable Serum AMH (ng/ml)
Low, < 3.32 Average, High, p-value p-value Low p-value
n=46 3.32-8.27 >8.27 Low vs. High vs. Average Average vs. High
n=92 n=46
GnRH Antagonist (%) 81.2 72.3 68.8 NS NS NS
GnRH agonist (%) 188 277 312 NS NS NS
Total gonadotropin dose (IU) 3316+ 1288 2587 +1071 2252+ 842 <001 <0.05 NS
E2 (pg/ml) on day of hCG 2656 + 964 2521+ 880 2806 + 1087 NS NS NS
Number of oocytes retrieved 11.8+63 134162 146+80 NS NS NS
Number of fertilizations 88+49 86+4.1 95+56 NS NS NS
Number of embryos cryopreserved 18+27 28+26 32+28 NS NS NS
Day 5 transfer (%) 78.1 70.8 71.1 NS NS NS
Number of embryos transferred 22+07 19+07 19408 NS NS NS
Fertilization rate (%) 704 64.2 66.5 NS NS NS
Implantation rate (%) 471 406 353 NS NS NS
Clinical pregnancy rate (%) 69.6 532 52.2 NS NS NS
Live birth rate (%) 65.2 46.7 435 <0.05 <0.05 NS
Multiple pregnancy rate (%) 260 217 130 NS NS NS
OHSS (%) 8.7 43 87 NS NS NS

GnRH, gonadotropin releasing hormone; OHSS, ovarian hyperstimulation syndrome; hCG, human chorionic gonadotropin; E2, estradiol;

E2 levels measured on the day of hCG administration
varied among the groups with little evidence for a trend.

From the low to high AMH ranges, the average number
of oocytes retrieved increased from 12.6 + 6.3, 13.4 + 6.2,
to 14.2 + 8.0, respectively. The number of fertilizations
was highest in the high AMH range as well at 9.5+ 5.6.
Approximately two embryos on average were transferred
for each group per procedure.

In this study, there was significant increase in live birth
rate per embryo transfer (LBR) in PCOS women in the
low AMH group (65.2%) compared to the average AMH
(46.7%) and high AMH (43.5%) groups. The odds ratio
(OR) for LBR in the low AMH group compared to the
other groups (average and high) was 2.29 (p =0.017) and
remained significant after adjusting for age, BMI, day of
transfer and number of embryos transferred (Table 3).
Receiver-operating characteristic (ROC) curve analysis for
AMH as a predictor of live birth revealed an area under

Table 3 Univariate analysis with odds ratios for live birth

the curve (AUC) of 0.543 (0.424—0.661, 95% confidence
interval) (Fig. 1) indicating overall poor predictability for
live birth. Although not statistically significant, the same
inverse trend with AMH concentration was found for
clinical pregnancy rate (CPR) (69.6, 53.2, 52.2%), implant-
ation rate (IR) (47.1, 40.6, 35.3%), and multiple pregnancy
rate (26.0, 21.7, 13.0%). Fertilization rate was highest in
the low AMH range (70.4%), but there was not a uniform
inverse relationship with this outcome.

Discussion

This study is the first to describe an association between
serum AMH levels and live birth outcomes in PCOS
women. Live birth outcome is the ultimate clinically
important measure in ART treatment and the results of
this study indicate that PCOS women with higher serum
AMH levels have poorer IVF outcomes compared to
PCOS women with low/normal AMH levels.

Parameter OR of live birth 95% Cl p-value
AMH level (low vs. average or high) 229 1.15-46 0.017
“Number of embryos transferred (1 vs. 2 or more) 1.74 0.88-3.82 0.17
PAge (21-31 vs. 32-40) 0.74 041-1.32 030
“Day of transfer (3 vs. 5) 0.74 037-147 0.38
9BMI (17-26 vs. 27-39) 1.14 0.64-2.04 0.66

?OR of low AMH for live birth remained significant after adjusting for number of embryos transferred (OR 2.29, p-value 0.021)
bOR of low AMH for live birth remained significant after adjusting for BMI (OR 2.25, p-value 0.015)

“OR of low AMH for live birth remained significant after adjusting for age (OR 2.23, p-value 0.038)

90R of low AMH for live birth remained significant after adjusting for day of transfer (OR 2.29, p-value 0.016)
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Fig. 1 Receiver-operating characteristic (ROC) curve analysis for AMH
as a predictor of live birth
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In the present study, women with low serum AMH
levels were older than those with average and high serum
AMH levels. This relationship agrees with previous stud-
ies, as serum AMH levels begin declining around 25 years
of age to undetectable levels at menopause [23]. Total
gonadotropin dose was significantly higher in women in
the low serum AMH group than those in the average and
high serum AMH groups as well. FSH stimulates the
growth and development of follicles in early folliculogen-
esis. The exogenous dose was dependent on intermittent
daily measures of estradiol and ultrasound analysis of
follicular growth. In the low serum AMH group, the
increased gonadotropin dose compensated for lesser
follicular growth by increasing the number of follicles that
reach maturity. Although the number of oocytes retrieved
increased slightly from low to high serum AMH groups,
the success of this approach was reflected in the relatively
similar number of oocytes retrieved across all women des-
pite the broad range of serum AMH levels. This finding is
supported by previous studies, showing that serum AMH
levels reflect the ovarian response to stimulation [1, 24].
The fertilization rate was not significantly different
between AMH groups, although the total number of fertil-
izations was also highest in the high serum AMH group,
which could be attributed to greater number of oocytes
retrieved.

In our cohort of women with PCOS undergoing assisted
reproduction, LBR was significantly higher in the low
serum AMH group (< 3.32 ng/ml, 65.2%) than those with
average (3.32-8.27 ng/ml, 46.7%) or high serum AMH
levels (>8.27 ng/ml, 43.5%). Similar trends were noted in
implantation, CPR, and multiple pregnancy rate, which
each showing an inverse relationship with serum AMH
levels, albeit non-significant. To our knowledge, this study
is unique in that it demonstrates that higher serum AMH
levels are associated with lower assisted reproduction LBR
in women with PCOS. There have been several

Page 5 of 8

investigations into the association between AMH and
ART outcomes in women with PCOS, but they did not
include live birth rate as an outcome [11, 16, 17]. These
studies reported conflicting results, some demonstrating a
positive relationship between serum AMH levels and CPR
[11, 16], while others having found an inverse relationship
between serum AMH levels and CPR [17]. The reason for
this discrepancy is unclear. Sample size may account for
the variation in outcomes. Notably, in the study by Kaya
et al. [16] there were significant age differences between
the three AMH strata: Women in the high AMH (>75th
percentile), average AMH (25th—75th percentile) and low
AMH (<25th percentile) groups had mean age of 25.1,
29.2 and 34.1, respectively. This was in contrast to the
study by Xi et al. [17] as well as the current study in which
all three AMH groups were of more comparable age,
which may explain some of the observed differences.
Another possible explanation is the presence of multiple
PCOS phenotypes and variable AMH concentration cate-
gorizations across studies. A 2015 meta-analysis of women
with and without PCOS concluded that AMH was a weak
predictor of assisted reproduction outcomes in non-PCOS
women but not in women with PCOS [15]. There are a
few recent studies that more directly examined the
connections between PCOS phenotypes, AMH levels and
associated ART outcomes. In one study, AMH was found
to have a significant positive correlation with CPR and
LBR only in one out of four designated PCOS phenotypes
but not in the general PCOS population comprised of all
4 phenotypes [20]. Another study which focused on
whether PCOS phenotypes were associated with cumula-
tive LBR concluded that hyperandrogenic phenotypes
confer significantly lower cumulative LBR [19]. Additional
studies which focus on categorizing these phenotypes may
help elucidate the exact associations between AMH
concentrations and ART outcomes in women with PCOS.

There are a few possible explanations for the correlation
of high AMH and poor IVF outcomes in PCOS women.
AMH regulates folliculogenesis in the ovaries [25], and it
is elevated as a hallmark of PCOS and correlates with the
severity of PCOS manifestations [11]. The 2 to 4-fold
increase in serum AMH levels reflects the follicular arrest
and higher preantral and small antral follicle count. In
addition, granulosa cells within each follicle have been
shown to overproduce AMH up to 75-fold the normal
amount [5, 26]. Elevated AMH may cause abnormal folli-
culogenesis through two different mechanisms [27]. AMH
inhibits FSH-dependent selection of a dominant follicle,
leading to decreased granulosa cell FSH sensitivity and
potential follicular arrest [28]. In addition, prior studies
showed a positive correlation between AMH levels and
degree of hyperandrogenemia [7, 10, 11, 29]. AMH inhib-
ition of granulosa cell FSH-induced aromatase expression
can lead to an accumulation of intraovarian androgens
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[30, 31]. Moreover, androgens play a role in stimulating
early (FSH independent) stages of follicular growth [32,
33] and may therefore contribute to increased AMH
production in the ovary. These two mechanisms may
contribute to PCOS phenotypes of hyperandrogenism and
anovulation. In our study, there was a significant increase
in total testosterone levels (58.0 + 18.7 ng/dl) in the high
serum AMH group when compared to total testosterone
levels in the average (39.2+12.8ng/dl) and low
(35.3 £10.2 ng/dl) serum AMH groups. Consistent with
these observations, in the studies by Ramezanali et al. [20]
and De Vos et al. [19] it was shown that hyperandrogenic
phenotypes in PCOS women were associated with poorer
CPR and LBR. Furthermore, there is previous research
that suggests androgen excess is associated with poor
oocyte quality, leading to lower fertilizations rates [34].

Not only have androgen levels been shown to directly
correlate with elevated serum AMH, but studies have
also shown LH to directly correlate as well. LH stimu-
lates AMH production in granulosa cells in women with
PCOS [5], which may contribute to AMH overexpres-
sion and AMH induced follicular arrest. Another
proposed mechanism involves LH induced suppression
of FSH, causing poor oocyte and embryo quality [17,
35], leading to low implantation and clinical pregnancy
rates associated with high AMH levels.

PCOS has been shown to have a detrimental effect on
endometrial homeostasis and receptivity [36]. Moreover,
women with high serum AMH are at increased risk for
developing ovarian hyperstimulation syndrome, which can
abnormally affect endometrial receptivity, thereby affect-
ing IR and LBR. There is additional evidence that suggests
certain angiogenic factors, like VEGF and TGF-f, are
dysregulated in PCOS [37], which could further affect the
endometrium. We speculate that elevated levels of AMH
seen in PCOS leads to aberrant folliculogenesis as well as
possibly contributing to altered endometrial receptivity
and abnormal placentation. There is evidence that
placenta and endometrial cells express mRNA and protein
for AMH and its specific type II receptor (AMHRII) [38,
39]. AMH is thought to exert negative effects on cellular
viability by binding to its receptor [38, 40]. Interestingly, a
recent study in PCOS women showed that higher AMH
level was associated with decreased endometrial thickness
in ovulation induction cycles [41]. Thus, endometrial
interaction with elevated serum AMH levels could explain
the associated low implantation and live birth rates.

This study is limited by its retrospective design as well
as the relatively small sample size. In addition, it is import-
ant to mention that ovarian stimulation in our study’s pa-
tients was performed with caution to minimize the risk of
ovarian hyperstimulation syndrome (OHSS), as reflected
by the relatively similar number of oocytes retrieved in the
various AMH patient groups as well as similar rates of

Page 6 of 8

OHSS. The patients in this study were treated during a
period preceding the currently established protocols of
GnRH antagonists for pituitary suppression and GnRH
agonist trigger for those at risk of OHSS, and it is interest-
ing to speculate whether a more aggressive approach to
ovarian stimulation with freeze-all strategy would have led
to a higher live birth rate in the high AMH group. This is
suggested by a recent study showing that frozen embryo
transfer is associated with higher LBR than fresh transfer
in PCOS women [42]. Interestingly, De Vos et al. reported
that live birth outcomes in PCOS women with hyperan-
drogenic phenotypes, as compared to other PCOS
phenotypes, remain lower also as cumulative outcomes
after taking into account both fresh and frozen embryo
transfers [19]. Further larger studies looking specifically at
LBR outcomes according to AMH levels and PCOS
phenotypes in frozen embryo transfers using contempor-
ary freeze-all cycle protocols should help to clarify the
relationship.

In conclusion, this study found for the first time that
PCOS women with low serum AMH levels (< 3.32 ng/ml)
had significantly higher live birth rates than those with
average or high serum AMH levels following ART. There
were several other ART outcomes that correlated inversely
with AMH concentrations. While the reason may not be
clear, it may be associated with the positive link between
AMH, testosterone and PCOS severity. The results of this
study underscore the potential utility of AMH and other
phenotypic features of PCOS rather than the basic
diagnostic criteria of the disorder in treatment
individualization and counseling in daily ART practice.
PCOS is a multifaceted, heterogenous disease that is diffi-
cult to characterize and additional studies are necessary to
fully understand how AMH and ART outcomes are re-
lated in various PCOS phenotypes. Such new knowledge
will contribute to developing better strategies to improve
the likelihood of a live birth in this special patient group.
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