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Measurements of ovarian reserve play an important role in predicting the clinical results of assisted reproductive technology (ART). The ideal
markers of ovarian reserve for clinical applications should have high specificity in order to determine genuine poor responders. Basal follicle-
stimulating hormone levels, antral follicle count, and serum anti-Miillerian hormone (AMH) levels have been suggested as ovarian reserve tests
that may fulfill this requirement, with serum AMH levels being the most promising parameter. Serum AMH levels have been suggested to be a
predictor of clinical pregnancy in ART for older women, who are at a high risk for decreased ovarian response. We reviewed the prognostic sig-
nificance of ovarian reserve tests for patients undergoing ART treatment, with a particular focus on the significance of serum AMH levels in pa-

tients at a high risk of poor ovarian response.
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Introduction

A decline in female fertility occurs after the age of 30 years and is
accelerated after 35 years of age. It is known that women 40 years of
age or older can generally be considered to be nearly infertile [1]. A
woman'’s age can be a key factor in predicting the possibility of suc-
cessful outcomes of in vitro fertilization. However, in actual clinical
settings, even women of the same age can show considerable vari-
ability in fertility based on individual characteristics [2]. Roest et al. [3]
reported that pregnancy outcomes after treatment with assisted re-
productive technology (ART) among women 40 years of age or older
were better in patients with a good response to controlled ovarian
stimulation (COS) than in patients with a poor response. Thus, ovari-
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an reserve tests predicting ovarian response to COS could potentially
be used as indicators of the clinical outcomes of ART, such as preg-
nancy and live birth [4]. Eventually, screening patients using ovarian
reserve tests to determine their prognosis for infertility treatment
may play an important role in implementing individualized ART
treatment. In this article, we reviewed the prognostic significance of
ovarian reserve tests in the field of ART, with a particular focus on the
significance of anti-Miillerian hormone (AMH) levels in patients at a
high risk of poor ovarian response.

Characteristics of valuable markers of ovarian
reserve

For in vitro fertilization-embryo transfer (IVF-ET) cycles, it has been
established that four or more oocytes are generally needed to ensure
the transfer of two embryos [5,6]. The Bologna criteria for defining
poor responders classify cases in which three or fewer oocytes are re-
trieved in conventional COS for IVF-ET as poor responders [7]. Poor
responders may be expected to have a relatively lower likelihood of
clinical pregnancy. Accordingly, identifying ovarian reserve markers
capable of diagnosing poor responders would be of major prognos-
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tic significance.

The 2015 American Society for Reproductive Medicine (ASRM)
practice committee suggested that an ideal marker of ovarian re-
serve would be useful for predicting the possibility of pregnancy as
well as for predicting the quantity and quality of oocytes [4]. Sensitiv-
ity and specificity are valuable indicators of the usefulness of diag-
nostic modalities. Given the general characteristics of ART, ovarian
reserve markers with a high specificity would be ideal for reducing
false positives and facilitating the differential diagnosis of genuine
poor responders who require adoption or oocyte donation [4].

Ovarian reserve markers

Women experience several changes involving reproductive hor-
mones as they grow older. A gradual decrease in the number of ovar-
ian follicles with aging results in decreases in the levels of AMH and
inhibin B, which are secreted from the primary, preantral, and antral
follicles. Decreases in central negative feedback lead to a compensa-
tory increase in the secretion of pituitary follicle-stimulating hor-
mone (FSH). This is followed by an increase in late luteal and early fol-
licular FSH levels. Thus, the earlier growth of new follicles is accelerat-
ed, which is accompanied by an increase in basal estradiol levels
measured on days 2 to 3 of the menstrual cycle. The length of the fol-
licular phase is shortened, meaning that the overall length of the
menstrual cycle is also reduced. It has been hoped that indicators of
changes in reproductive hormonal status during the aging process
could be used as markers of ovarian reserve.

The ASRM practice committee reported that combining ovarian re-
serve markers to predict pregnancy may be clinically invalid due to
the severe heterogeneity of the measurements, and that the predic-
tive value of such a combination would not be greater than that of a
single marker [4]. Therefore, we omitted any discussion of combina-
tions of ovarian reserve markers.

1.FSH

Basal serum FSH levels have been shown to exhibit intense variabil-
ity within the menstrual cycle or between cycles, which has limited
their reliability as a marker of ovarian reserve [8-10]. However, in
studies where FSH cut-off points of >10 IU/L were used, the specifici-
ty reached 83% to 100% in predicting poor response to COS (three or
fewer follicles or four or fewer retrieved oocytes) [11], although FSH
levels showed a lower sensitivity in predicting poor response. Scott
et al. [12] reported that no live births occurred in patients with FSH
levels exceeding 18 IU/L. Thus, basal FSH levels may be useful as a
measurement of ovarian reserve in diagnosing genuine poor re-
sponders.

However, it has been found that elevated basal FSH levels were not
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associated with an increase of aneuploidy in clinical pregnancy
achieved using ART [13,14]. In addition, elevated FSH levels in wom-
en less than 40 years of age cannot be used as the sole indicator for
predicting poor response and the possibility of clinical pregnancy
during COS [15]. Overall, if clinicians predict ovarian reserve and
pregnancy outcomes only based on basal FSH levels in women with
a low risk of decreased ovarian response (DOR), false positives are
likely.

2. Estradiol and inhibin B

Basal estradiol levels were found to show no significant differences
between poor responders and normal ovarian responders [4]. More-
over, basal estradiol levels cannot be used as the sole criterion for
screening poor responders. However, when infertile women had
normal basal FSH levels with basal estradiol levels of >60 to 80 pg/
mL in the early follicular phase, limited evidence was found to sup-
port correlations with poor ovarian response, a higher cancellation
rate of IVF-ET cycles, and lower rates of pregnancy during ART [16-
18]. Therefore, basal estradiol levels may be of minor significance as a
supplemental measure in hormonal assessments of women with
normal basal FSH levels [4].

Inhibin B was found to show intense intracycle variability, and
therefore cannot be used as a reliable marker [4].

3. Antral follicle count

The antral follicle count (AFC) exhibits sufficient intercycle reliability
and interobserver reliability for measuring ovarian reserve. In 2005,
Hendriks et al. [19] performed a meta-analysis and reported that an
AFC below the average of 5.2 (range, 3—-6) was associated with poor
responders, but the AFC did not have a prognostic value for preg-
nancy failure. In fact, if the presence of three to four follicles was used
as a cut-off value for low AFC, higher levels of specificity (73%—100%)
would have been achieved in predicting poor ovarian response.
Moreover, the AFC also had a specificity of 64%-100% in predicting
pregnancy failure [4]. Therefore, the AFC could potentially be used as
an indicator to predict genuine cases of poor ovarian response. How-
ever, it has been found that the sensitivity of AFC was relatively low
in predicting poor ovarian response and pregnancy failure [19].

4. AMH

AMH is directly secreted from the preantral and antral follicles, and
has the useful property of reflecting the age-induced decrease in the
number of follicles. Serum AMH levels are known to be a highly reli-
able marker for measuring ovarian reserve because they are not af-
fected by gonadotropin, and AMH exhibits minimal variability within
or among menstrual cycles. Currently, the presence of a proportional
relationship between AMH levels and the ovarian response to COS is
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commonly accepted [4]. According to recent studies, serum AMH
levels have been found to better reflect ovarian reserve than age or
basal levels of FSH, estradiol, and inhibin B [20].

1) Studies of AMH levels in populations at a low risk for DOR

According to Hazout et al. [21], serum AMH levels showed a signifi-
cant positive correlation with the number of metaphase Il oocytes
retrieved during COS-IVF cycles (r=0.38, p <0.05). Moreover, the
number of embryos that were obtained also had a significant posi-
tive correlation with serum AMH levels (r=0.34, p <0.05). In studies
assessing embryo quality, Smeenk et al. [22] and Takahashi et al. [23]
reported no significant correlations between serum AMH levels and
embryo quality. Ebner et al. [24] reported that the highest-quality
oocytes were obtained from patients whose serum AMH levels
ranged between 1.66 ng/mL and 4.52 ng/mL, but that no significant
difference was noted in the acquisition of high-quality embryos
among patient groups sorted by AMH levels. Silberstein et al. [25]
found that the area under the curve (AUC) of serum AMH levels was
0.647 (poor) in predicting the acquisition of high-quality embryos,
which was argued to reflect the poor clinical applicability of AMH
levels.

0.38,p<0.05)

Result

=0.084

Regarding the clinical pregnancy rate, Gnoth et al. [26] (n=132) re-
ported no significant difference between patients with high levels of
AMH and patients with low levels of AMH based on a cut-off value of
1.26 ng/mL. Silberstein et al. [25] (n=257) observed a significant dif-
ference in the rate of implantation (28.0% vs. 16.8%, p <0.001), but
no significant difference in the ongoing pregnancy rate (46.4% vs.
34.9%, p=0.084) between high-AMH and low-AMH groups, defined
using a cut-off value of 2.7 ng/mL. In contrast, Elgindy et al. [27] re-
ported that an AMH cut-off value of 2.7 ng/mL showed a specificity
of 82.4% in predicting clinical pregnancy, and therefore suggested
that it could be useful as a clinical predictor; but their study had the
limitation of only including 33 patients. Eldar-Geva et al. [28] report-
ed that serum AMH levels were a useful predictor of clinical pregnan-
¢y using an AUC value of 0.75 (fair); but that study similarly had the
limitation of only enrolling 56 patients. Therefore, the results of those
studies cannot be generalized. A meta-analysis of individual patient
data published in 2013 (including 28 studies, n=5,705) suggested
that the AUC of serum AMH levels was 0.55 (failure) for the prediction
of clinical pregnancy [29]. According to a recent meta-analysis pub-
lished in 2015 (including 19 studies, n=5,373), serum AMH levels
had an AUC of 0.634 (poor) for the prediction of clinical pregnancy
[30]. These results collectively suggest that serum AMH levels cannot
be used as a predictor of clinical pregnancy in patients with normal
ovarian response.

With regard to the prediction of live births, Nelson et al. [31] and
Lukaszuk et al. [32] reported AUC values of serum AMH levels of 0.62

group 1, AMH < 1.66; group 2, AMH 1.66-4.52; and group 3, AMH >4.52 ng/mL (p > 0.05)

No significant correlation between serum AMH levels and embryo quality
2.10(95% Cl, 1.82-2.41), whereas the summed AUC value was 0.634 (poor)

group and the high-AMH group
The AUC value of AMH levels for the prediction of clinical pregnancy was 0.55 (failure)

46.4% vs. 34.9%, p
AMH cut-off level 2.7 ng/mL: specificity of 82.4% for the prediction of clinical pregnancy

AMH cut-off level 1.26 ng/mL: no significant difference in the rate of clinical pregnancy between the low-AMH
In women with unspecified ovarian reserve, the odds ratio for AMH as a predictor of clinical pregnancy was

AMH cut-off level 2.7 ng/mL: implantation rate, 28.0% vs. 16.8%, p < 0.001; ongoing pregnancy rate,

The AUC value of AMH levels for the prediction of good embryo quality was 0.647 (poor)

The percentage of good-quality embryos was comparable in three groups:
The summed AUC value of AMH levels for the prediction of live births was 0.61 (poor)

The AUC value of AMH levels for the prediction of clinical pregnancy was 0.75 (fair)
The summed specificity for the prediction of live births was 32.0%

AMH levels were positively correlated with the number of metaphase Il oocytes (r
No significant correlation between serum AMH levels and embryo quality

The AUC value of AMH levels for the prediction of live births was 0.62 (poor)

The AUC value of AMH levels for the prediction of live births was 0.61 (poor)

Mean age (yr)
336
349
329
345
36.8
30.1
349
30.2
37.2

4.3
34.0
332

Study type
individual patient data

4324 Meta-analysis
Retrospective cohort

109  Retrospective cohort
257  Prospective cohort
Prospective cohort
80  Prospective cohort
Retrospective cohort
56  Prospective cohort
257  Prospective cohort
Prospective cohort
132 Prospective cohort
340 Prospective cohort
Meta-analysis

141
33
33

603

5,705 Meta-analysis of
6,031

Number

Smeenk et al., 2007 (the Netherlands) [22]

Takahashi et al., 2008 (Japan) [23]

Clinical pregnancy
Eldar-Geva et al., 2005 (Israel) [28]

Hazout et al., 2004 (France) [21]
Silberstein et al., 2006 (USA) [25]
Ebner et al., 2006 (Austria) [24]
Silberstein et al., 2006 (USA) [25]
Elgindy et al., 2008 (Egypt) [27]
Gnoth et al., 2008 (Germany) [26]
Nelson et al., 2007 (UK) [31]
Lukaszuk et al., 2014 (Poland) [32]
lliodromiti et al., 2014 [33]

Broer etal., 2013 [29]

Table 1. Studies on AMH levels in populations at a low risk for decreased ovarian response

The quality of embryos or oocytes
Taletal, 2015 [30]

Study (nation)
Live birth

=y
S
iy
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AMH, anti-Miillerian hormone; AUC, area under the curve; Cl, confidence interval.
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(poor) and 0.61 (poor), respectively, suggesting that AMH levels can-
not be applied in clinical settings for this purpose. In addition, ac-
cording to a meta-analysis including 13 studies that was published in
2014, serum AMH levels showed an AUC of 0.61 (poor) in predicting
live births, suggesting poor applicability in the clinical setting [33].

In summary, serum AMH levels cannot be used to predict the clinical
outcomes of ART in patients with normal ovarian response (Table 1).

2) Studies of AMH levels in populations at a high risk for DOR

In a study focusing on the cancellation rate of IVF cycles, Penarrubia
et al. [34] reported a specificity of 96% for the AMH cut-off value of
0.7 ng/mL, thus suggesting that AMH levels exhibited promise as a
predictive indicator. Muttukrishna et al. [35] conducted a prospective
study in women with basal FSH levels >10 IU/L or aged > 38 years,
and reported significant differences in the serum AMH levels of pa-
tients whose IVF cycles were cancelled due to poor ovarian response
in comparison to the normal control group (0.175+0.04 ng/mL vs.
1.13£0.2 ng/mL, p <0.05). Mcllveen et al. [36] reported that the AUC
value of serum AMH levels was 0.78 (fair) in predicting the cancella-
tion of IVF cycles in poor responders, thereby validating serum AMH
levels as an indicator predictive of the cancellation of IVF cycles. Fur-
thermore, they reported a sensitivity of 85% and a specificity of 63%
for the cancellation of IVF cycles using an AMH cut-off value of 1.25
ng/mL. Kim et al. [37] performed a retrospective analysis of 176 IVF/
intracytoplasmic sperm injection cycles and showed a sensitivity of
38% and a specificity of 95% in predicting DOR at an AMH level of
<0.76 ng/mL, with DOR defined as two or fewer total retrieved oo-
cytes or one or fewer mature oocytes. They also reported that the
AUC of serum AMH levels in predicting DOR was 0.787 (fair), which
was a higher value than the AUC values of FSH (0.712) and age
(0.730).

In a study evaluating embryo quality, Kavoussi et al. [38] reported
that regardless of age, low serum AMH levels (< 1 ng/mL) were asso-
ciated with a significantly lower availability of high-quality blasto-
cysts for cryopreservation than was observed in patients with higher
AMH levels (1-4 ng/mL) in IVF cycles.

Regarding clinical pregnancy rates, Mcllveen et al. [36] reported
that serum AMH levels could not be used as a predictive factor for
clinical pregnancy during ART in women aged > 39 years or in poor
ovarian responders. They pointed out that serum AMH levels are as-
sociated with the measurement of oocyte quantity rather than oo-
cyte quality. In contrast, in a large-scale retrospective study on 1,558
patients, Wang et al. [39] found a significant positive correlation be-
tween serum AMH levels and the rate of clinical pregnancy in wom-
en aged between 34 and 41 years. The researchers also noted that in
women >42 years of age, the rate of clinical pregnancy was marked-
ly lower (3%) in patients with serum AMH levels <0.29 ng/mL, in
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comparison to >17% in patients with serum AMH levels exceeding
0.3 ng/mL. According to a retrospective study conducted by Sahmay
et al. [40], serum AMH levels had an AUC of 0.790 (fair) in predicting
clinical pregnancy in 240 women aged > 35 years. It was suggested
that serum AMH levels could be a reliable indicator for predicting
clinical pregnancy, as an AMH cut-off value of 1.91 ng/mL showed a
sensitivity of 74% and a specificity of 73% in predicting clinical preg-
nancy. Gomez et al. [41] reported that serum AMH levels decreased
by approximately 0.384 ng/mL every year in a large-scale retrospec-
tive study of 1,287 patients, which was found to be a significant de-
crease. In women aged < 36 years, serum AMH levels did not affect
the rate of clinical pregnancy. However, in women aged >36 years, a
gradual age-related increase was observed in the degree of correla-
tion between the clinical pregnancy rate and serum AMH levels. Ac-
cording to the retrospective study of Park et al. [42] of 188 Korean
women aged >40 years, serum AMH levels had an AUC of 0.721 (fair)
in predicting clinical pregnancy. At an AMH cut-off value of 1.90 ng/
mL, the rate of clinical pregnancy was 6.731-fold higher in the high-
AMH group than in the low-AMH group (19/54 [35.2%] vs. 10/134
[7.5%)], p<0.001). In contrast, Friden et al. [43] conducted a retro-
spective study in women aged >39 years, and found that serum
AMH levels had an AUC of 0.65 (poor) in predicting pregnancy failure
during ART, thus suggesting that serum AMH values have relatively
poor clinical applicability. According to a recent meta-analysis pub-
lished in 2015, serum AMH levels had an overall summarized AUC of
0.696 (95% confidence interval [Cl], 0.641-0.751) (close to fair), an
overall summarized sensitivity of 69.9% (95% Cl, 61.0%-77.9%), and
an overall summarized specificity of 64.7% (95% Cl, 60.9%-68.3%) in
predicting clinical pregnancy in poor responders (n=615), indicating
that serum AMH levels may be a weak predictor of clinical pregnancy
in poor responders [30] (Table 2).

Conclusions

Summarizing the literature reviewed above, three indicators (FSH,
AFC, and AMH) have showed utility in assessing ovarian reserve, and
among these indicators, serum AMH levels are the most promising
parameter. However, serum AMH levels may be a diagnostic test for
poor ovarian response rather than a screening test for ovarian re-
serve [44,45]. The significance of serum AMH levels in predicting clin-
ical pregnancy during ART treatment is lower in patients with a low
risk of DOR. The predictive value of serum AMH levels for clinical
pregnancy seems to gradually increase in older women with an in-
creased risk of poor ovarian response. These findings may be ex-
plained by the following mechanism. The proportion of good-quality
oocytes is reduced with the decreased pool of oocytes in older wom-
en. However, women of the same age with higher ovarian reserve
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(indicated by elevated serum AMH levels), which could lead to a
quantitative compensation for the age-related decrease in the quali-
ty of oocytes, may show better pregnancy outcomes in ART treat-
ment compared to other women with lower ovarian reserve [4]. Fur-
ther large-scale prospective studies are needed to determine the op-
timal cut-off level of serum AMH for predicting the prognosis of ART
in patients at a high risk of poor ovarian response.
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