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Abstract

Purpose Diminished ovarian reserve (DOR) is characterized
by poor fertility outcomes, and it represents a major challenge
in reproductive medicine. Although consensus exists on the
concept of DOR, its definition remains blurry. DOR has to be
distinguished from premature ovarian failure (POF) and poor
ovarian responders (POR), who are clearly defined.

Methods We performed a PubMed search with the terms “di-
minished ovarian reserve” and “in vitro fertilization (IVF)” to
assess the homogeneity of the definition of DOR.

Results Out of 121 articles, 14 gave a definition for DOR.
Only one definition was used by two different teams (basal
follicle-stimulating hormone (FSH) value >10 IU/I) and eight
teams used 11 different definitions. Among those, four defini-
tions did not include antral follicular count (AFC) and seven
studies did. Two definitions included the results from a previ-
ous cycle.

Conclusions The heterogeneity in the definition of DOR used
in these studies contributes to confusing results. Hence, there
is a need for a clear definition of DOR. It appears that AFC
and anti-Miillerian hormone (AMH) serum levels are the most
relevant criteria. One option could be the use of the following

Capsule Diminished ovarian reserve could be defined as: (i) any of the
risk factors for poor ovarian response and/or (ii) an abnormal ovarian
reserve test (i.e., antral follicular count (AFC) <5-7 follicles or anti-
Miillerian hormone (AMH) <0.5-1.1 ng/ml).
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definition: (i) woman with any of the risk factors for POR and/
or (ii) an abnormal ovarian reserve test (i.e., antral follicular
count (AFC) <5-7 follicles or AMH <0.5-1.1 ng/ml). This
hypothesis requires validation.
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Diminished ovarian reserve (DOR) is characterized by poor
fertility outcomes even when assisted reproductive techniques
(ART) are used and represents a major challenge in reproduc-
tive medicine. Although consensus exists on the concept of
DOR, its definition remains blurry.

It is important to distinguish DOR from premature ovarian
failure (POF) and poor ovarian responders (POR), the latter
two having been clearly defined.

POF, also called premature menopause or primary ovarian
insufficiency, is related to cessation of ovarian function before
the age of 40. It is defined by a triad of signs: (i) amenorrhea
for at least 4 months, (ii) decreased estradiol serum concentra-
tions, and (iii) elevated follicle-stimulating hormone (FSH)
serum concentrations (more than 40 IU/I in at least two sam-
ples a few weeks apart) [1, 2]. POF-related infertility cannot
be treated by intraconjugal assisted reproductive techniques.

POR, on the other hand, is a condition that seems closer to
DOR. The Bologna ESHRE consensus defines women as
“poor ovarian responders” when at least two of the following
three characteristics are present: (i) advanced maternal age
(>40 years) or any of the risk factors for POR, (ii) a previous
poor ovarian response (<3 oocytes with a conventional stim-
ulation protocol), and (iii) an abnormal ovarian reserve test
(i.e., antral follicular count (AFC) <5-7 follicles or AMH
<0.5-1.1 ng/ml) [3]. Consequently, to be included in this def-
inition, a woman must be over 40 years or have previously
undergone at least one controlled ovarian hyperstimulation
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cycle. Thus, a young infertile woman with markers of poor
ovarian reserve who has never undergone ART does not meet
the Bologna criteria.

Identification of women with DOR, prior to a controlled
ovarian stimulation, would enable more individualization of
treatment and protocol selection as well as better information
of couples on the chances of pregnancy. In daily practice, cli-
nicians have gained experience from ART in the “older wom-
an” (>38) and have extrapolated results to treat DOR-associated
infertility. In “older women”, in vitro fertilization (IVF) allows
better pregnancy rates than intrauterine insemination (IUI)
[4-6]. Indeed, FORT-T trial has demonstrated that IVF offered
higher pregnancy rate than IUI in patients aged between 38 and
42 years without other infertility factors than age.

We performed a PubMed search with the terms “dimin-
ished ovarian reserve,” “premature ovarian failure,” “poor
ovarian responder,” “primary ovarian insufficiency,” “prema-
ture menopause,” “intrauterine insemination,” and “in vitro
fertilization (IVF)” with the “human” limit, to assess the ho-
mogeneity of the definition of DOR. Only reports published in
English and in French from 1990 to 2015 were analyzed. Out
of the 215 articles found, we excluded those not specifically
concerning women with DOR (based on title or abstract). Out
of the 121 remaining articles, we excluded those not giving a
clear definition of DOR (after reading the full text). After
selection, we found 14 articles that gave a definition for
DOR (Fig. 1).

Pubmed search performed with the terms «diminished ovarian
reserve», «premature ovarian failure», «poor ovarian responder»,
«primary ovarian insuffiency», «premaure menopause»,
«intrauterine insemination» and «in vitro fertilization». Only
reports published in English and French, between 1990 and 2015
were analysed, with the « human » limit.

215 articles were found

94 articles excluded
because they did not
concern women with
Diminished Ovarian
Reserve.

121 articles

107 articles excluded
because they did not
give a clear definition for
Diminished Ovarian
Reserve.

14 articles

Fig. 1 Flow chart of the search methodology

@ Springer

Only one definition was used by two different teams:
— Basal FSH value >10 IU/1 [7, 8].

Eight teams used 11 different definitions, including various
cutoffs for markers, and heterogeneous combinations of
markers:

Among those, four definitions did not include AFC:

—  Women under the age of 40 with elevated age-specific
FSH concentrations (on cycle days 2 or 3; >7.0 mIU/ml
under 33 years; >7.9 mIU/ml between 33 and 37 years;
>8.4 mIU/ml between 38 and 40 years) or with AMH
(ELISA) below 0.8 ng/ml [9, 10].

— Basal FSH value >10 U/l or an FSH/luteinizing hormone
(LH) ratio >3 [11].

—  Abnormal FSH and/or AMH levels, outside of the 95 %
confidence interval for age and/or because of age above
40 years [12].

— FSH >9.9 1U/l or E2 >74.9 pg/ml or based on a prior
cycle performance if oocyte or embryo yields were con-
sidered inadequate: fewer than seven oocytes or fewer
than four embryos [13].

Seven studies included pre-treatment AFC:

—  Serum AMH <1 ng/ml or serum FSH >15 IU/l and AFC
<4 on day 2 of the menstrual cycle [14].

— AFC <5 or AMH <1.1 ng/ml and a previous poor ovarian
response [15].

— Day 3 serum FSH >12 mIU/ml and AFC <3 [16].

— AFC <6 per ovary [17].

— Day 3 FSH level >10 U/l or an FSH/(LH) >3 or AFC <5
or previous poor ovarian response (<5 oocytes retrieved)
[18].

— Day 3 FSH level >12 U/l and AFC >5 [19].

— AFC <10 and AMH <5 pmol/L (0.7 ng/ml) [20].

In addition, two definitions included the results from a
previous treatment cycle [13, 18].

These results are summarized in Table 1.

It is obvious that the considerable heterogeneity in the
definition of DOR used in these studies contributes to
confusing results. Consequently, it is extremely difficult
to draw conclusions on IVF outcomes in the population of
women with DOR. Moreover, in specifically DOR-related
infertility (i.e., without male or tubal factor), no data en-
able us to assert what is the best treatment for the couple
(IVF, IUI, controlled ovarian stimulation (COS) alone) or
what the probabilities of success are for each technique.
Hence, there is a need for a clear and consensual defini-
tion of DOR. In addition a consistent definition in this
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Table 1  Markers used in the definitions of diminished ovarian reserve in the studies
FSH Estradiol AFC AMH FSH/LH ratio Previous IVF outcomes
Merhi et al. [7] >10 IU/N
Buyuk et al. [8] >10 U/
Gleicher et al. [9, 10] >7 IU/l under 33 years <0.8 ng/ml
>7.9 1U/l between 33 and
37 years
>8.4 1U/l between 38 and
40 years
Luetal [11] >10 U/ >3
Gleicher et al. [12] Outside the 95 % CI for age Outside the 95 %
CI for age
Gleicher and Barad [13] >9.9 1U/l >74.9 1U/1 <7 oocytes or <4 embryos
Kara et al. [14] >15 1U/N <4 <1 ng/ml
Yilmaz et al. [15] <5 <I.1 ng/ml <3 oocytes
Check et al. [16] >12 TU/N <3
Kumbak et al. [17] <6 per ovary
Zhang et al. [18] >10 [U/N <5 >3 <5 oocytes
Check et al. [19] >12 U/ >5

Jayaprakasan et al. [20] <10

<5 pmol/l (0.7 ng/ml)

FSH follicle-stimulating hormone, 4FC antral follicular count, AMH anti-Miillerian hormone, LH luteinizing hormone, /VF' in vitro fertilization, C/

confidence interval

situation will allow clinical trials to share the same
inclusion/exclusion criteria.

Among the various parameters used to define DOR, it ap-
pears that FSH, AFC, and AMH serum levels are the most
evaluated and thus frequently used criteria, as an extrapolation
of all available data on diminished ovarian reserve.

Definition of cutoff values is the first challenge. Although
even the best ovarian reserve marker at the best cutoff values is
associated with a false positive rate of 10-20 % [21, 22], both
AMH and AFC appear to be considered as the most reliable and
accurate markers of ovarian reserve [22, 23]. In the ESHRE
consensus regarding POR, AMH and AFC are rather consid-
ered as post hoc test to confirm DOR after a first ovarian stim-
ulation resulting in poor outcomes [3]. Consequently, one op-
tion could be the use of the ESHRE consensus values used for
POR as an a priori definition of DOR, excluding previous stim-
ulation results and age over 40. Thus, (i) any of the risk factors
for POR and/or (ii) an abnormal ovarian reserve test (i.c., antral
follicular count (AFC) <5-7 follicles or anti-Miillerian hor-
mone (AMH) <0.5-1.1 ng/ml) could be suggested.

Theoretically, cutoffs for AMH and AFC might be strati-
fied by age. Indeed, both AMH and AFC decrease with age-
specific levels, and the true issue is to identify among an age-
specific level patients who had a significant decrease in ovar-
ian reserve. However, data providing the predictive values of
AMH and AFC on success rates are not stratified by age. A
recent meta-analysis showed that AMH, independently of age,
might be helpful when counseling couples before undergoing
infertility treatment [24]. However predictive accuracy was

low (OR=2.39) for predicting live birth after assisted concep-
tion [24]. In addition, in the clinical practice, stratification of
AFC and AMH by age to define cutoffs would be time-
consuming and complex. Another issue that needs to be raised
is the quantitative approach to what is a “normal ovarian re-
serve” stratified by age. So far, no such data is available.
Therefore, there is a need of quantitative criteria stratified by
age, to define ovarian reserve in the general population, as
well as in infertile women with other infertility factors than
altered ovarian function. This issue is particularly important
for women with single ovary. Moreover, in this specific pop-
ulation, it is necessary to better define normality of ovarian
volume, AFC, AMH, and additional biological markers such
as FSH/E2 ratio.

It should be kept in mind as well that several AMH assays
are available and this contributes to the hetereogeneity of the
data. Most of the recent studies measured AMH using the
Diagnostic Systems Laboratories Inc. (DSL, Webster, TX,
USA) assay, the Immunotech-Beckman Coulter (IBC, Mar-
seille, France) assay, or the Beckman Coulter Generation II
assay. Homogenization of technical aspects in the definition
markers thus appears necessary, and this should be the subject
of a consensus among reproductive medicine specialists and
biologists. Nevertheless, the predictive accuracy of AMH for
live birth was established, regardless of the assay used [24].

In conclusion, to date, there are no studies that specifically
deal with the issue of the appropriate treatment for women
with DOR-associated infertility. An international consensus
on the definition of DOR, including markers, cutoffs, and
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assay techniques, is thus strongly needed as well as studies
focusing on this specific population using consensual criteria.
The specific assay and standard utilized should be included in
any definition and may need to change as improvements oc-
cur. We suggest that (i) any of the risk factors for POR and/or
(i) an abnormal ovarian reserve test (i.e., antral follicular
count (AFC) <5-7 follicles or anti-Miillerian hormone
(AMH) <0.5-1.1 ng/ml) could be used and that the choice
of the assay should be defined in a consensus meeting.
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