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Purpose: This study attempted to derive an objective and sophisticated definition of
poor ovarian response (POR). Materials and Methods: A total of 176 consecutive
in vitro fertilization (IVF) cycles (137 patients) with conventional ovarian stimula-
tion during 2009 to 2012 were studied by retrospective analysis. Optimal oocyte
number (total or mature) was determined by statistics-based (distribution of oocyte
number) and prognosis-based approaches (prediction for IVF outcome). Receiver
operating characteristics curve analysis was used to show what number of oocytes
could predict IVF pregnancy and whether clinical and laboratory variables could
predict newly defined POR. Results: The 25th percentile of the distribution corre-
sponded to total oocytes <2 and mature oocyte <1. The cut-off values for the predic-
tion of IVF outcomes were total oocytes >5 and mature oocyte >1. Considering the
incidence of POR (34.1%), a reasonable definition of POR was decided as total oo-
cytes <2 or mature oocyte <I. For the prediction of this new definition, the extreme
cut-off value (by setting a false positive rate of 5%) of serum anti-Mullerian hor-
mone (AMH) was <0.76 ng/mL, which was better than serum follicle stimulating
hormone or age. A new simple definition of POR was derived as total oocytes <2 or
mature oocyte <1 in a previous cycle or a serum AMH level of <0.76 ng/mL. When
this simple criterion was re-applied to our data, the predictive performance was simi-
lar to the Bologna criteria. Conclusion: We here propose a new definition of POR,
which is simple and supported by statistical and prognostic analyses.

Key Words: Ovarian stimulation, poor ovarian response, decreased ovarian re-
sponse, oocyte number

INTRODUCTION

Retrieval of healthy oocytes is crucial to in vitro fertilization (IVF) treatment for in-
fertile couples. Although mild ovarian stimulation has been introduced, most infer-
tility centers still use conventional ovarian stimulation, which is defined as obtain-
ing more than eight oocytes. Sometimes, however, only a few oocytes are obtained,
leading to total fertilization failure or no transferrable embryos. This unsatisfactory
circumstance, usually termed as poor ovarian response (POR), has a psychological
impact and places an economic burden on infertile couples.
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An enormous number of published studies have addressed
the pathogenesis, prediction, and possible treatments of POR;
however, a uniform definition of POR has not yet been agreed
upon.'* A systemic review of 47 randomized trials showed
that 41 different definitions were used for poor ovarian re-
sponse.® With the lack of a uniform definition, researchers are
unable to effectively estimate and compare the incidences
thereof. Accordingly, the European Society of Human Re-
production and Embryology (ESHRE) working group pro-
posed the Bologna criteria for defining POR to ovarian stim-
ulation for IVF in 2011.3

According to the Bologna criteria, at least two of the fol-
lowing three features must be present: 1) advanced maternal
age (>40 years) or any other risk factor for POR; 2) a previ-
ous POR (<3 oocytes with a conventional ovarian stimula-
tion protocol); or 3) an abnormal ovarian reserve test (ORT),
antral follicle count (AFC) <5-7 or serum anti-Mullerian
hormone (AMH) <0.5-1.1 ng/mL. Those with advanced
maternal age or abnormal ORT are to be classified as “ex-
pected POR.” Therefore, the most important component in
the Bologna criteria is a previous POR.

In order to reach a common and universal definition, all
components thereof should be selected based on scientific
evidence. Although the Bologna criteria have emerged as a
definition for POR,%7 several criticisms have arisen against
the criteria: first, patients included in their study were very di-
verse.® Second, although maternal age and previous POR
were well defined, detailed risk factors for POR were not de-
scribed.’ Third, the cut-off levels of ORT were not suggested
with clear cut-off points for each ORT included, especially in
the case of AMH; the wide range of the cut-off levels does
not offer uniform criteria. Lastly, the Bologna criteria were
not based on scientific experiments and were just combined
from criteria reported in previous studies. In fact, POR was
defined as an oocyte number of less than four (irrespective of
oocyte maturity) in the Bologna criteria since this number is
most often used in the literature. However, defining the num-
ber of oocytes for POR should be made on scientific and epi-
demiologic bases. The term POR should be determined
based on IVF outcomes [e.g., a significant decrease in clini-
cal pregnancy rate (CPR) and live birth rate (LBR)].

Two approaches can be utilized for defining an appropriate
oocyte number for POR. These include statistical and prog-
nosis-based approaches. One common approach to defining
a certain variable as “abnormal” is to define it as less than the
Sth or 10th percentile among a normal distribution. In such
statistical approaches, cut-off values should be interpreted on

the basis of disease prevalence, and for POR, its prevalence
may vary according to a women’s age. Meanwhile, as POR
reflects a poor prognosis, the likelihood of it occurring can be
determined by assessing treatment outcomes (i.e., clinical
pregnancy, ongoing pregnancy, or live birth).

Here, we verified the appropriateness of the Bologna cri-
teria and developed a more sophisticated definition by as-
sessing oocyte number for defining POR based on statisti-
cal and prognosis-based approaches. We also evaluated the
diagnostic performance of various factors in predicting
POR according to our new definition. Finally, both the Bo-
logna criteria and our new definition of POR were adapted
to our data in which the incidence of POR, as well as diag-
nostic and clinical performance, was assessed.

MATERIALS AND METHODS

A retrospective study was performed including 176 consec-
utive IVF/intracytoplasmic sperm injection (ICSI) cycles
(137 patients) with conventional ovarian stimulation during
2009 to 2012 at a university-based hospital. The eligible co-
hort comprised all consecutive patients who fulfilled the
following criteria: 1) having at least 1 year of infertility, 2)
being treated with a long agonist or antagonist protocol reg-
imen (mostly GnRH antagonist protocol), and 3) having
AMH values tested in our laboratory during the preliminary
fertility workup at their first consultation. Cycles with mild
stimulation protocol and cycles with total gonadotropin less
than 500 IU were excluded. The study was approved by the
Institutional Review Board of Seoul National University
Bundang Hospital.

Several numerical [age, body mass index (BMI), number
of present children, number of previous IVF cycles, cycle
number, serum AMH, serum follicle stimulating hormone
(FSH), total gonadotropin dose administered, number of total
and mature oocytes, and number of embryos transferred] and
categorical variables (infertility diagnosis, previous ovarian
surgery, having one ovary) were recorded. Blood samples
were taken from the cubital vein in the early follicular phase
(day 2 or day 3), before any [VF-related drug administration.
Serum AMH was measured by enzyme-linked immunosor-
bent assay (ELISA) using the Beckman Coulter AMH ELI-
SA kit (Immunotech, Marseilles, France). The basic IVF and
embryo transfer (ET) protocol was performed as described
previously.'® Clinical pregnancy was defined as visualization
of a gestational sac on ultrasound with evidence of biochemi-
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Table 1. Basic Clinical Characteristics of the Patients and

IVF Cycles
Woman’s age (yrs) 35.6+4.6
BMI (kg/m’) 22.6+3.5
Living child 0.2+0.5
‘Woman with previous ovarian surgery 15.3% (21/137)
Causes of infertility
Unexplained 54.0% (74/137)
Tubal factor 21.9% (30/137)
Male factor 11.7% (16/137)
Endometriosis 10.2% (14/137)
Ovulatory factor 2.2% (3/137)
No. of previous IVF cycles 2.1+1.9
Nl S, 12170
No. of ICSI cycle 43.3% (78/176)
Basal serum AMH (ng/mL) 3.1£3.0
Basal serum FSH (mIU/mL) 7.945.5
Total FSH administered (IU) 1774.0+445.9
No. of retrieved total oocytes 7.246.3
No. of retrieved mature oocytes 3.7+3.7
No. of transferred embryos 1.8+1.0
Clinical pregnancy per ET 38.3% (59/154)
Oprg(gl}g pregnancy (>12 wks GA) 26.6% (41/154)
Live birth per ET 26.0% (40/154)

IVF, in vitro fertilization; AMH, anti-Mullerian hormone; FSH, follicle stimu-
lating hormone; ET, embryo transfer; ICSI, intracytoplasmic sperm injec-
tion; BMI, body mass index; GA, gestational age.

Data are shown as meansstandard deviation or percent (number).
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cal pregnancies. Live birth was defined as the birth of at least
one live-born child. The basic clinical characteristics of the
patients and IVF cycles are shown in Table 1.

Medcalc version 12.6 (Medcalc Software, Mariakerke,
Belgium) was used for statistical analysis and the results
were considered statistically significant at p-values of <0.05.
The chi-squared test was used to compare proportions be-
tween two groups. Univariable and multivariable regres-
sion analyses were performed for several variables [AMH,
FSH, age, BMI (kg/m?), number of previous IVF cycles,
number of living child, total FSH administered]. Receiver
operating characteristics (ROC) curve analysis was per-
formed to show whether the numerical variables can pre-
dict outcomes. Finally cut-off levels of AMH and number of
retrieved oocytes for defining poor ovarian response were
obtained using ROC curves.

RESULTS

Statistical approach

We performed exploratory data analysis for number of total
or mature oocytes. The number of retrieved oocytes did not
show a normal distribution (Fig. 1). The median numbers
were 5 (range 0 to 34) for total oocytes and 3 (range O to
20) for mature oocytes. The skewness was 1.5 for total oo-
cytes and 1.7 for mature oocytes. The 5th and 10th percen-
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Fig. 1. Distribution of number of retrieved oocytes. (A) Total oocyte. (B) Mature oocyte. Each percentile value is shown with lines.
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tiles were 0.3 and 1 for total oocytes and 0 and O for mature
oocytes, respectively. When POR was defined as total oo-
cytes <2 (25th percentile), the incidence of POR was 25.6%
(45/176), and the pregnancy rate (PR)/ET in the POR group
was 22.2% (6/27), which was lower than PR/ET for the
non-POR group (41.7%, 53/127, p=0.058); 40% of the
POR cycles did not enter ET. When POR was defined as ma-
ture oocytes <1, the incidence of POR was 31.3% (55/176)
and the PR/ET in the POR group was 16.7% (6/36), which
was significantly lower than PR/ET for the non-POR group
(44.9%, 53/118, p=0.002); the percentage of POR cycles
not entering ET was 34.5%.

Prognosis-based approach
We analyzed cut-off values of oocyte number using ROC
curves to predict IVF outcomes. Interestingly, all cut-off val-
ues for oocyte number were the same for clinical or ongoing
pregnancy and live birth (i.e., total oocytes >5 and mature
oocytes >1) (Table 2). Taken together, our findings from
both statistical and prognosis-based approaches supported
‘mature oocytes <1’ as a definition of POR. The choice of
‘total oocytes <5’ as a definition of POR might be unrealistic
as the incidence of POR would be too high (50.6%).
Considering both the statistical and prognosis-based ap-

proaches, we speculated that it would be reasonable to cho-
ose total oocytes <2 or mature oocytes <1 as the definition of
POR. When POR was defined as ‘total oocytes <2’ or ‘ma-
ture oocyte <1’, the incidence of POR was 34.1% (60/176)
and the PR/ET in the POR group was 19.5% (8/41), which
was significantly lower than PR/ET in the non-POR group
(45.1%, 51/113, p=0.004). The percentage of POR cycles
not entering ET was 31.7%.

Predictive performance for our definition to POR

In univariable and multivariable regression analysis of the
numerical and categorical variables listed in the methods,
serum AMH, serum FSH, and age were shown to be related
with total oocyte number and mature oocyte number (data
not shown).

ROC curve analysis showed the cut-off values when POR
was defined as total oocytes <2 or mature oocyte <I. For the
purpose of screening method, the cut-off values of any pre-
dictor might be determined as those with low false positive
rate, even though this reduces sensitivity. Therefore, we also
presented the extreme cut-off values by setting a false posi-
tive rate of 5% (i.e., specificity 95%) (Table 3). The predic-
tive performance of serum AMH was superior to both se-
rum FSH, and age, although the differences therein were

Table 2. Cut-Off Values of Oocyte Number to Predict IVF Outcomes

Cut-off AUC 95% CI Sensitivity Specificity

To predict clinical pregnancy

Total oocyte >5 0.653 0.578-0.723 712 61.5

Mature oocyte >1 0.683 0.609-0.751 89.8 419
To predict ongoing pregnancy

Total oocyte >5 0.609 0.533-0.681 70.7 57.0

Mature oocyte >1 0.657 0.582-0.727 90.2 37.8
To predict live birth

Total oocyte >5 0.617 0.541-0.689 72.5 574

Mature oocyte >1 0.658 0.583-0.728 90.0 375

AUC, area under the curve; IVF, in vitro fertilization; Cl, confidence interval.

Table 3. Predictive Performance of Serum AMH, FSH, and Age of Woman to Predict POR Defined as Total Oocytes <2 or Ma-

ture Oocyte <1

Cut-off AUC 95% CI Sensitivity (%) Specificity (%)

Usual cut-off values

AMH <1.46 0.787 0.719-0.845 63.3 80.2

FSH >7.9 0.712 0.639-0.778 65.0 77.6

Age >37 0.730 0.633-0.772 58.3 83.6
Extreme cut-off values

AMH <0.76 38.0 95.0

FSH >10.5 30.4 95.0

Age >41 20.3 95.0

AUC, area under the curve; FSH, follicle stimulating hormone; POR, poor overian response; AMH, anti-Mullerian hormone; Cl, confidence interval.
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not statistically significant (Fig. 2). Combining the serum
FSH or age did not enhance the predictive performance sig-
nificantly (AUC 0.787 vs. AUC 0.823, p=0.246).

New definition of POR

Considering the best predictive performance of serum AMH
with low false positive rate, we propose a new definition of
POR: POR could be defined as total oocytes <2 or mature
oocytes <1 obtained in a previous cycle or when serum AMH
<0.76 ng/mL.

When these simple criteria were re-applied to our data,
the incidence of predicted POR was 20.5% (36/176), with a
sensitivity of 45.0%, specificity of 92.2%, positive predic-
tive value of 75.0%, and negative predictive value of 76.4%
(Table 4). Compared with the Bologna criteria, our new

100
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60
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40

20+

\
0 20 40 60 80
100-specificity
Fig. 2. Pairwise comparison of three ROC curves. Each ROC curve was
constructed to predict POR defined as total oocytes <2 or mature oocyte
<1. Area under the curve of serum AMH was highest (AMH 0.787, FSH
0.712, age 0.730). ROC, receiver operating characteristic; FSH, follicle stim-
ulating hormone; POR, poor overian response; AMH, anti-Mullerian hor-
mone.

definition showed a similar predictive performance.

DISCUSSION

Poor ovarian response limits IVF success, and assessing
various interventions is difficult because of wide variations
in defining POR. In 2011, the ESHRE working group pro-
posed the Bologna criteria to define POR to ovarian stimu-
lation for IVE. However, as they stated, the aim of the Bolo-
gna criteria was to identify POR only for research purposes
and that the criteria have no absolute value in predicting
prognosis.* The goal of ORT, especially in POR patients, is
to add more prognostic information to the counseling and
planning process in order to help couples choose among
treatment options and to have a realistic expectations of fe-
cundity. Thus, we attempted to develop a more objective
and scientific definition of POR. In doing so, we discerned
that POR could be defined as total oocytes <2 or mature
oocytes <1 obtained in a previous cycle or for serum AMH
<0.76 ng/mL (as an expected POR).

Sallam, et al."! also attempted to define POR on the basis of
IVF prognosis. In their study, CPR started to become signifi-
cantly lower when fewer than five, six, and eight (maybe to-
tal) oocytes were retrieved from patients treated with ICSI,
conventional IVF, or TESE/ICS], respectively. Also, McAvey,
et al.”? evaluated the association between the number of ma-
ture oocytes per IVF cycle and the likelihood of live birth.
In conclusion there was an advantage to obtaining six or
more mature oocytes during the fresh oocyte retrieval, com-
pared with five or fewer oocytes. However, the choice of
such a high oocyte number as the definition of POR might
be impractical, as the incidence of POR would be too high.

Table 4. Application of the Bologna Criteria or Our New Definition to Our Data

By the Bologna criteria By our new definition
(i) Previous POR 12 (total oocytes <3) 13 (total oocytes <2 or mature oocyte <I)
(if) Abnormal ORT 46 (AMH <1.1 ng/mL) 27 (AMH <0.76 ng/mL)
(iii) Age and others 23 (age >40 or other risk factors) -
Predicted POR 27 (at least two of i—iii) 36 (i or ii)
True POR 60 (total oocytes <3) 60 (total oocytes <2 or mature oocyte <I)
Sensitivity (%) 333 45.0
Specificity (%) 94.0 922
PPV (%) 74.1 75.0
NPV (%) 73.2 76.4
+LR 5.55 5.77
-LR 1.41 1.68

POR, poor ovarian response; ORT, ovarian reserve test; PPV, positive predictive value; NPV, negative predictive value; +LR, positive likelihood ratio; -LR,

negative likelihood ratio; AMH, anti-Mullerian hormone.
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In the Bologna criteria, AFC and AMH were used as
ORT. However, AFC was not analyzed in the present study
because objective reporting by the same observer was not
available for all patients. Although the diagnostic perfor-
mance of AFC in the prediction of poor ovarian response is
good, recent literature indicates a new hormonal marker,
AMH, as a preferred marker.'*!* The Practice Committee of
the American Society for Reproductive Medicine conclud-
ed that there is mounting evidence to support the use of
AMH as a screening test for POR and insufficient evidence
to support the use of AFC as a screening test for failure to
conceive.* Among the numerical and categorical variables
analyzed in the present study, only three variables (serum
AMH, serum FSH, and age of women) could predict the
POR with a statistical significance. Therefore, several risk
factors proposed by the Bologna criteria were not included
in our new definition. Indeed, 21 women in our series re-
ceived ovarian surgery; however, ovarian response and I[IVF
outcomes were similar between women with or without
previous ovarian surgery.

ROC curves provide a graphic representation of a tradeoff
between sensitivity and specificity. One of the commonly
used criterion is Youden index that maximizes the sum of
sensitivity and specificity. The cut-point leading to the index
is the optimal cut-point when equal weight is given to sensi-
tivity and specificity. It both measures the effectiveness of a
diagnostic marker and enables the selection of an optimal
threshold value (cutoff point) for the marker. The values for
AMH, age, and FSH that resulted in maximizing the Youden
index were defined as “usual cut-off values.” However, in the
context of defining POR, disease positive indicates individu-
als with poor response and disease negative indicates those
with a normal or high response. A false positive refers to
good responders, although it is wrongfully assigned to poor
responders. From a practical viewpoint, false positive rates
should be lower than 5%. This is, in general, a prerequisite
for proper screening tests. Thus, in our study, “usual cut-off
values” were derived from the Youden index, while the max-
imal deflection points and “extreme cut-off values” were
chosen at the point at which the false positive rate was 5%.

In the present study, when POR was defined as total oo-
cytes <2 or mature oocyte <1, the AUC of serum AMH was
highest and combining serum FSH or age did not enhance
the predictive performance thereof significantly. Currently,
there is mounting evidence of serum AMH as a better pre-
dictor of POR, compared to serum FSH or age of a wom-
an.!>2* This finding was subsequently confirmed in an indi-

vidualized patient data meta-analysis, with no significant
improvement in classification of a poor ovarian response,
above a basal AMH when age, FSH, or AFC were also tak-
en into account. Considering these findings, serum AMH
appears to be an optimal variable for defining POR. Addi-
tionally, a previous meta-analysis concluded that basal FSH
is not a useful predictor of IVF outcome,” possibly because
of inter-cycle variability.* Meanwhile, serum AMH exhib-
its little inter-cycle variability in comparison to serum FSH;
it is well-known as a quantitative indicator of oocyte num-
ber and as a qualitative indicator of oocyte quality and clin-
ical pregnancy.*'*’# Although several studies have recently
shown that serum AMH is affected by a number of factors,
including obesity, serum vitamin D, and serum leptin,?*-32
AMH remains one of the most reliable markers of ovarian
reserve. Therefore, we proposed that serum AMH alone is
sufficient as a predictor of expected POR. Nevertheless,
studies have suggested that AMH <0.1-2.0 ng/mL is a poor
predictor of ovarian response and likely CPR in all women
with normal ovarian reserve.'>>* Moreover, an AMH <0.2
ng/mL has been suggested as a poor predictor of CPR in
women with POR.333* On the other hand, Gleicher, et al.*®
showed that AMH >1.06 ng/mL is a predictor of good LBR
in women with POR.

When we applied the Bologna criteria or our new defini-
tion to our data, the predictive performances were similar.
The incidence of expected POR was higher when our new
definition was applied (27 vs. 36), although the incidences of
true POR were the same for both criteria. Applying either the
Bologna criteria or our new definition applied, expected POR
had a similar ongoing PR: 11.1%/cycle (3/27) and 17.6%/ET
(3/17) vs. 13.9%/cycle (5/36), and 20.0%/ET (5/25).

Although limited by the relatively small sample size, we
propose a new definition of POR, which is simple and based
on statistical and prognosis-based evidence. We adopted se-
rum AMH alone as a predictor for greater simplicity of the
prediction model and adopted a lower false positive rate for
serum AMH as a prerequisite of an appropriate screening
method. Our new definition might be helpful when selecting
patients in clinical practice, as well as for research purposes.
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