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Chapter 1

Ovarian ageing and ovarian reserve

The term ovarian ageing represents the age related decline of the quantity and
quality of the oocytes residing within the follicles present in the ovarian cortex.
Each woman receives an endowment of oocytes during fetal development. At
the fourth month of fetal development, the ovaries contain some 6-7 million
oocytes surrounded by a layer of flat granulosa cells to form the primordial
follicle pool (1-3). Due to a rapid loss of the great majority of the primordial
follicles via apoptosis in the second half of fetal life, at birth only 1-2 million
primordial follicles remain (4). After birth, this high rate of follicle loss slows
down somewhat, so that at menarche (first menstrual period) at least 300,000
to 400,000 primordial follicles remain (2;5). During the reproductive years the
gradual decline will continue. Not only does the quantity of the follicles and
oocytes decline, but oocyte quality also demonstrates changes with increasing
female age. This becomes apparent in increased aneuploidy rates, responsible
for the increased miscarriage rates and increased rates of infertility observed at
older age (6). Underlying mechanisms may involve differences between germ
cells at the time they are formed during fetal life, accumulated damage of oo-
cytes in the course of a woman’s life, or age-related changes in the quality of the
granulosa cells surrounding the oocyte (7).

The changes in quantity and quality will lead to four milestones in the reproduc-
tive lifespan; the first two will easily occur unnoticed: the onset of decreasing
fertility and the subsequent loss of natural fertility (capacity of creating a viable
ongoing pregnancy leading to the birth of a child). As the decline continues and
follicle numbers fall below a critical threshold of a few thousand, the menstrual
cycle pattern becomes irregular, marking the onset of a life period referred to as
the menopausal transition (8). Finally, when fewer than 1,000 follicles are left, the
final cessation of menses (menopause) will occur (9-11) (Figure 7). By definition,
menopause can only be assessed retrospectively, as a period of amenorrhea of
at least 12 months after the final menstruation must have been surpassed (12).
The normal process of ovarian ageing varies considerably among women. This
implies that some women remain highly fertile until the fifth decade of life,
whereas others already face the loss of natural fertility in their mid-thirties. This
variation also becomes evident from the large variation in age at menopause.
Menopause occurs at a mean age of 51 years (13), with a range of variation
between 40 and 60 years (13-19). Despite the variation with age, it is hypothe-
sized that a fixed temporal relationship is present among the four reproductive
events, with the occurrence of the end of natural fertility some 10 years before
menopause (7) (Figure 2).
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Figure 1. Schematic representation of ovarian ageing
Schematic representation of the number of primordial follicles present in the ovaries and the chromo-
somal quality of oocytes in relation to female age and corresponding reproductive events. Graph was
drawn after Hansen et al. (10), and de Bruin et al. (237).
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Figure 2. Age variation and stages of female reproductive ageing

Schematic representation of the age variations of the various stages of female reproductive ageing,
depicted in a cumulative fashion. A fixed time interval between the subsequent cycles is assumed.
Redrawn after te Velde and Pearson (7). Mean ages for the events are depicted on the x-axis.
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Evidence for this hypothesis mainly stems from cross sectional observations
(20), while longitudinal data establishing such relationship for individuals are
scarce (21). Several reports have indicated that early loss of natural fecundity, as
evidenced by repeated poor response to ovarian hyperstimulation for in vitro
fertilization (IVF), leads to early occurrence of the menopausal transition (22-
24). Also, the length of the time period of cycle irregularity preceding meno-
pause has appeared to be independent of the age at which menopause sub-
sequently is established (7;25). The relationship between age at onset of cycle
irregularity and age at menopause has further corroborated the ‘fixed interval’
hypothesis (21).

Timing of the menopausal transition and menopause predominantly relate to
the number of follicles present in the ovaries at a given time. Because of the
individual variability, the development of tests that correctly forecast these fol-
licle numbers, also called the ovarian reserve, has been a field of interest in the
last decade (7;20).

The purpose of ovarian reserve testing: assessment of current and
future fertility

Due to the availability of contraceptive methods, together with a growing eco-
nomical wealth, which provided the opportunity for women to increase their
level of education and to participate in the labor force (26), there is a general
tendency to postpone childbearing in the Western societies. This has distinct
implications; a growing proportion of women attempting to conceive will fail
in achieving this goal within a time frame of 12 months, a condition referred
to as female infertility. Each year approximately 15,000 young women in their
twenties will be destined to have a much shorter reproductive lifespan than they
imagine due to genetic and other uncontrollable factors and some 15% of all
women will be sterile before the age of 40 years. Since women do not know
the precise age at which their fertility begins to decline, it makes it difficult to
modify behavior and the safeguarding of fertility. Consequently, these women
and their partners will heavily depend on Assisted Reproduction Technology
(ART) in order to achieve pregnancy. Assisted reproduction technology, such as
IVF, will provide solutions for a mere 50% of these women, since ART will only
be able to compensate for the decreased natural fertility to a limited extent
(27;28). Delayed childbearing has also greatly contributed to the reduced num-
ber of children born per woman. With increasing longevity, population composi-
tion will change dramatically towards a clear preponderance of elderly people
(29;30), and these changes will have immense social and economic implications.
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Furthermore, in the Netherlands today, 16,000 IVF treatments are carried out
with estimated annual costs of 35 million euros. Such expenditure may well
be greatly reduced by preventing age related infertility through preventive
management. This may also positively affect the number of children born per
woman and thereby help to counteract the trend towards an increasingly aged
population. Therefore, there is an urgent need for the development of tools that
can assess the ovarian reserve and thus mirror current and future fertility status.

Assessment of current fertility

Current fertility assessment relates to predicting the chances for live birth in
natural exposure or in infertility treatment conditions. Outcomes of interest
in infertility treatment mainly relate to IVF or introcytoplasmatic sperm injec-
tion (ICSI) treatment, such as the response to ovarian hyperstimulation and the
chances of ongoing pregnancy. There is a specific urge to identify women of
relatively young age with clearly diminished reserve, as well as older women
with still an adequate ovarian reserve. Based on the test result, management
could be individualized, for instance by stimulation-dose adjustment, by coun-
seling against initiation of IVF treatment, or by indicating the necessity of early
initiation of treatment before the ovarian reserve has diminished too far. Indi-
vidualization of patient management could be more cost-effective, as it could
increase the efficacy and reduce the costs of the fertility treatment. So far many
studies have been conducted on ovarian reserve tests (ORTs) in IVF/ICSI out-
come, but they show contradictory results for both response prediction and
pregnancy prediction.

Conventional meta-analysis should be performed to summarize the available
evidence. But in conventional meta-analysis the major problem, which is het-
erogeneity between studies based on differences in the patient populations,
stimulation protocols, hormone assays and other variables, remains an issue. It
also became evident that the clinical value was dependent on the consequenc-
es related to the test result. Moreover, female age is also most frequently omit-
ted as contributor in multivariable models. It has therefore not been assessed
properly to what extent these tests add value to age and other patient charac-
teristics. Also, it remains to be unraveled whether these tests perform the same
in different subgroups. Conventional meta-analysis does not have the ability to
address these issues properly; an individual patient data meta-analysis however,
could do so. This will allow for the assessment of the true value of these tests.
The true clinical value however, will depend on the effect on clinical patient
management. Will it solely be used for counseling or will it have consequences
like adaptations in the stimulation protocol or even the refusal of treatment?




Chapter 1

Assessment of future fertility

The time interval until natural sterility will have set in, referred to as the repro-
ductive lifespan, will mirror the period in which fertility may be optimal. For the
assessment of this reproductive lifespan, tools that closely relate to the future
age at menopause may be developed into useful long term predictors. Seen
the fixed temporal interrelationship between end of fertility and menopause,
correct prediction of menopause may provide valuable information on the in-
dividual level. This could open new avenues for the primary prevention of fe-
male infertility. Moreover, menopausal age is also related to women'’s health in
general (31). Predicted early menopause could emphasize the need for timely
prevention of bone demineralization, and cardiovascular and neurological dis-
ease (32-34), while the prediction of late menopause would open options for
preventive management of breast and intestinal cancer (35). So far, the time
relationship between ovarian reserve tests and menopause has been shown in
cross-sectional studies and short term follow up studies (36-38). Long term fol-
low up studies will allow insight into the feasibility of future fertility forecasting
at those stages of life, where relevant decisions on preventive management are
realistic.

Ovarian Reserve Tests

Actual direct measurement of the primordial follicle pool is impossible, but it
has been shown that the number of the antral follicles in the ovaries is pro-
portionally related to the size of the primordial follicle stock from which they
were recruited (39). A marker correctly reflecting the number of antral follicles
is therefore potentially suitable for the prediction of ovarian senescence. Cur-
rent candidate markers for such purpose are early follicular Follicle Stimulating
Hormone (FSH) concentration (40), the Antral Follicle Count (AFC) as measured
by transvaginal ultrasound (41), and Anti-Mullerian Hormone (AMH) levels (42).

Follicle Stimulating Hormone

FSH is an indirect marker of the primordial follicle pool. FSH levels increase with
advancing age, by a reduction in the release of inhibin B, and possibly also es-
tradiol, thereby reducing the negative feedback on FSH release form the pi-
tuitary (43). High FSH levels therefore indirectly represent a small antral and
primordial follicle cohort size.

Antral Follicle Count

Ovarian follicles of at least 2 mm in diameter can be detected using ultraso-
nography. Follicles in the size range 2-5 or 2-10 mm correlate well with the size
of the primordial follicle pool. Antral follicles that are >2 mm in diameter are
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highly responsive to gonadotrophins, but some in this size range may be in
the early stages of atresia. The AFC entails the count of the follicles of 2-5 or
2-10 mm. The AFC has to be carried out in the early follicular phase of the cycle,
although variation of counts across the cycle may be very modest (44). The AFC
correlates well with the number of primordial follicles (45).

Anti-Miillerian Hormone

Anti-Mullerian Hormone has been identified as a dimeric glycoprotein and a
member of the Transforming Growth Factor Beta (TGF() family of growth and
differentiation factors (46). The gene encoding for AMH is located on chromo-
some 19p13.3. Until recently, AMH was predominantly known for its role in
male sexual differentiation (47;48). AMH is produced by Sertoli cells at the time
of testicular differentiation and induces regression of the Miillerian ducts. In the
ovaries of female fetuses, AMH can first be detected at 32 weeks of gestation
(49). The absent production of AMH from primitive granulosa cells in the early
stages of female fetal development will allow the Miillerian ducts to develop
into the uterus, fallopian tubes and the upper part of the vagina (50;51). AMH
has an inhibitory role in the initial recruitment and thereby aids in regulating
the number of follicles remaining in the primordial follicle pool. Secondly, AMH
has an inhibitory effect on follicular sensitivity to FSH and could therefore play
arole in the process of dominant follicle selection (52) (Figure 3).

Serum AMH is produced from the cohort of ultrasonically visible antral follicles
up to 7 mm, but follicles below the sensitivity limits of ultrasonography may
also contribute to serum levels. This is based on the observation that AMH se-
rum levels do not fall to zero when FSH sensitive antral follicles (2-5 mm) are
stimulated into larger, dominant follicles during ovarian hyperstimulation for
IVF and interrupt their AMH production (53) (Figure 4).

The independence of menstrual cycle stage (54-56) and the proportional rela-
tionship with the primordial and antral follicle cohort (45;53;57) make AMH a
good candidate for assessment of ovarian reserve status in the female.

Other ovarian reserve tests

There are several other ovarian reserve tests known, such as Inhibin B, basal
estradiol, CCCT (Clomiphene Citrate Challenge Test), GAST (gonadotrophin re-
leasing hormone agonist stimulation test), EFORT (exogenous FSH ORT) and
OVVOL (ovarian volume). These test are inferior to the ovarian reserve tests FSH,
AFC and AMH because of a lower accuracy, too high false positive rate or the
complexity of the test (58).
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Intra-ovarian Function of AMH
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Figure 3. Intra-ovarian function of AMH in folliculogenesis

First, AMH has an inhibitory role in the initial recruitment and thereby aids in regulating the number
of follicles remaining in the primordial follicle pool. Second, AMH has an inhibitory effect on follicular
sensitivity to FSH and could therefore play a role in the process of dominant follicle selection.

AMH = Anti-Mullerian Hormone; FSH = Follicle Stimulating Hormone

Transvaginal sonography

Circulating
AMH

/ Primary follicles \

Primordial pool

Figure 4. The source of AMH that enters the blood circulation.

Serum AMH is produced from the cohort of ultrasonically visible antral follicles up to 7 mm. Moreover,
follicles below the sensitivity limits of ultrasonography may also contribute to serum levels. This is
based on the observation that serum AMH levels do not fall to zero when FSH-sensitive antral follicles
(2-5mm) are stimulated into larger, dominant follicles during ovarian hyperstimulation for IVF and
interrupt their AMH production. The black line and dots represent the stages of antral follicles that
contribute to serum AMH. The grey line represents the ultrasonically visible antral follicles.

AMH = Anti-Mullerian Hormone.
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Aims and outline of the thesis

The studies presented in this thesis focus on further assessment of the real
value of ovarian reserve tests (ORTs) in predicting current fertility status in ART
treatment. Also, extended follow up in normal female volunteers was used to
demonstrate the value of these tests in forecasting menopause.

The aims of the work can be listed as follows:

1. Study the accuracy of ovarian reserve tests in the prediction of outcome
in ART

2. Study the added accuracy of ovarian reserve tests in the prediction of out-
come in ART, when baseline patient characteristics such as female age are
taken into account

3. Assess the added value of ovarian reserve tests in the prediction of age at
menopause

Outline

Chapter 2 gives a systematic overview and meta-analysis of the existing lit-
erature on AFC and AMH in the prediction of poor response and/or ongoing
pregnancy.

Chapter 3 describes the results of an individual patient data (IPD) meta-analysis
(IMPORT study) which studied the added value of ORTs on patient characteris-
tics and the value of multivariable prediction models in the prediction of a poor
response and ongoing pregnancy.

Chapter 4 describes the results of an IPD meta-analysis (IMPORT study) which
assessed the accuracy of the ORTs in the prediction of a poor response and on-
going pregnancy in several clinical subgroups, defined by age, BMI and dura-
tion of subfertility.

Chapter 5 gives a systematic overview and meta-analysis of the literature on
AFC and AMH in the prediction of an excessive response.

Chapter 6 describes the results of an IPD meta-analysis (EXPORT study) which
studied the added value of ORTs on patient characteristics and the value of mul-
tivariable prediction models in the prediction of an excessive response. The ac-
curacy of the ORTs in the prediction of an excessive response was also studied
in several clinical subgroups defined by age, BMI and duration of subfertility.
Chapter 7 studies the accuracy of ORTs in menopause prediction. A long term
follow-up study was conducted in healthy normo-ovulatory women to asses
the relationship of ORTs and age at menopause.

Chapter 8 summarizes the results of the studies presented and discusses the
implications for clinical practice and future research.
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Abstract

Objective

To assess the value of Anti-Miillerian Hormone (AMH) as a test to predict poor
ovarian response and pregnancy occurrence after IVF and compare it to the
performance of the Antral Follicle Count (AFC).

Design

A systematic review of existing literature and meta-analysis were carried out.
After a comprehensive search, studies were included if 2x2 tables for outcome
poor response and pregnancy in IVF patients in relation to AMH or the AFC
could be constructed.

Setting
Academic referral center for tertiary care.

Patients
Cases indicated for IVF.

Interventions
None.

Main outcome measures
Poor response and non pregnancy after IVF.

Results

A total of 13 studies were detected reporting on AMH and 17 studies on AFC.
Due to heterogeneity among studies, calculation of a summary point estimate
for sensitivity and specificity was not possible. However, for both tests summary
receiver operating characteristic (ROC) curves for the outcome measures poor
response and non-pregnancy could be estimated and compared. The curves
for the prediction of poor response indicated no significant difference between
the performance for AMH and the AFC (P = 0.73). For the prediction of non-
pregnancy, a poor performance for both AMH and AFC (P = 0.67) was found.

Conclusions

In this meta-analysis it was illustrated that AMH has at least the same level of
accuracy and clinical value for the prediction of poor response and non-preg-
nancy as the AFC.
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Introduction

Increasing female educational levels and participation in the labor force has re-
sulted in a clear rise in the mean age at which women deliver their first child in
Western-style societies (26). As natural fertility starts to decline after the age of
30, many women therefore will be faced with unexpected problems in becom-
ing pregnant due to decreased ovarian reserve (59-61). It has been shown that
the rate of the ovarian reserve decline varies considerably between individual
women, making it a challenge to design tests that estimate an individual’s re-
maining reproductive lifespan at a given age (61).

Ovarian reserve relates to both the quantity and quality of the ovarian follicle
pool. The number of primordial follicles that are left in the ovary at a given age
is therefore an important indicator for ovarian reserve and dictates reproduc-
tive events such as the age at menopause (61). Although direct measurement
of the primordial follicle pool is impossible, it has been shown that the number
of antral follicles in the ovaries is proportionally related to the size of primordial
follicle stock from which they were recruited (39). Therefore, the Antral Follicle
Count (AFQ) is believed to represent the quantitative aspect of ovarian ageing
(58). Unfortunately, markers that may directly reflect oocyte quality are clearly
lacking at the moment. Consequently, the age related decrease in fertility can-
not be determined through a direct test. Only through measurement of the
quantity of the oocytes can information on the quality aspects of ovarian re-
serve be obtained (62;63).

Ovarian response to ovarian hyperstimulation in IVF is another way in which the
guantitative ovarian reserve may come to expression. Although poor response
may be considered a sign of diminished ovarian reserve it may also be caused
by other factors, such as underdosing in obesity or in certain FSH receptor poly-
morphisms (64). Assessment of the true nature of a poor ovarian response may
help to direct the management of the patient (62;65;66). Additionally, correct
identification of poor responders, especially in older patients before entering
an in vitro fertilization program is important, as this could help in proper man-
agement regarding gonadotrophin dosing and denial of treatment. For this
purpose, the tests of choice are currently the AFC or basal FSH as was shown in
a comparative review (67).

Anti-Millerian Hormone (AMH), member of transforming growth factor-3 fam-
ily, is produced in the granulosa cells (68). The highest level of AMH expression
is present in granulosa cells of secondary, preantral and small antral follicles
up to 6 mm in diameter (69), while in follicles growing into dominance this ex-
pression ceases (53;70). AMH is barely detectable at birth and reaches the high-
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est values after puberty, then decreases progressively with age and becomes
undetectable at menopause (71;72). Serum AMH levels have been shown to
strongly correlate with the number of antral follicles (73;74), and have appeared
to be cycle independent (54;56). From several studies AMH has emerged as a
predictor of ovarian response to hyperstimulation (75;76) and possibly even of
the chance of becoming pregnant after IVF (77).

The aim of the present systematic review is to assess the true accuracy of AMH
as a prognostic factor for the outcome of IVF/ICSI treatment in comparison with
the Antral Follicle Count, which was shown the best predictor of poor response
after IVF (67).

Methods

In the present review, studies were enrolled that addressed the evaluation of
the AFC and AMH as predictors of the outcome poor response and pregnancy
after IVF or ICSI treatment. No preset criteria for the definition of poor ovarian
response or pregnancy were used. Poor ovarian response definition included
cycle cancellation, number of dominant follicles at ultrasound or oocytes at
retrieval below a certain threshold or combinations of the above. Pregnancy
definition included both clinical and ongoing pregnancy. Also, any cut off or set
of cut offs for an abnormal test result were included in the review and analysis.
A systematic search of MEDLINE was carried out using the keywords ‘in vitro
fertilization’ or ‘in vitro fertilisation; or ‘assisted’ or ‘intracytoplasmatic’ or ‘intra-
cytoplasmic; in combination with ‘Anti-Mllerian Hormone’ or ‘miillerian inhib-
iting substance’ or ‘mdllerian inhibiting factor’. A period including all years un-
til December 2006 was covered by the search. The abstracts of all the studies
identified were read by one researcher (SB). Any article that could possibly be
of value for the association between AMH and the IVF outcomes poor ovarian
response or pregnancy was pre-selected. In the next step, two researchers (SB
and DH) carefully read and judged all pre-selected articles independently. If it
was judged possible to construct 2x2 tables, where test result at a certain cut
off was related to the outcome parameters poor response and/or pregnancy,
the study was selected for final recordings and analysis. In the event of any dis-
agreement between the two researchers, the opinion of a third author (FB) was
final. The authors of studies that related test result to IVF outcome without the
possibility to construct a 2x2 table were contacted by email and asked to pro-
vide the necessary data for the construction of such a table. If adequate data
were obtained this way the study was added to the selection. In every selected
study the reference list was scanned to identify studies that could possibly be
included in the selection and then processed as described.
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Each selected study was further scored by the researchers (SB and DH) on the
following study quality characteristics: (1) sampling (consecutive versus other),
(2) data collection (prospective versus retrospective), (3) study design (cohort
study versus case-control study), (4) blinding (present or absent), (5) selection
bias, (6) verification bias, (7) analysis on one or multiple cycles per couple, (8)
stimulation (GnRH-agonist or GnRH-antagonist). Also, data on the cut off levels
used were recorded, as well as the assay used for AMH measurement.

For the comparison of AMH and AFC we updated the recently published me-
ta-analyses (63;67) on the performance of the AFC. The period to be covered
by the systematic search for studies reporting on the AFC in the prediction of
poor response and non-pregnancy after IVF was extended to December 2006.
The same basic series of keywords was used as listed above, in combination
with ‘Antral Follicle Count’ or ‘antral follicle number’. If by this search new stud-
ies were found and judged suitable for processing according to the previously
described procedure they were added to the already analyzed AFC studies. If
a study on both AMH and the AFC was located by any of the search strategies,
this study was used for both review groups.

As this review used only published data from the literature no approval from a
institutional review board was required.

Analysis

First, for each study finally included, we calculated sensitivity and specificity
from the 2x2 tables. Sensitivity-specificity points were plotted in a ROC-curve.
Homogeneity of the sensitivity and specificity points was tested by means of
the chi square test. A summary point estimate of sensitivity-specificity points
and 95% confidence interval was calculated if homogeneity for both parame-
ters could not be rejected. In case of heterogeneity for one or both parameters,
logistic regression was used to evaluate whether the study characteristics were
associated with the discriminatory capacity. If one of the study characteristics
was found to have a statistically significant impact on the performance of the
test, further analysis was performed in subgroups of patients. If not, it was ex-
plored whether the differences in sensitivity and specificity combinations were
the result of the use of different threshold levels. For that purpose, a Spearman
correlation coefficient was calculated for the association between sensitivity
and specificity. In case of a negative correlation as defined by a correlation coef-
ficient of -0,5 or less, a summary ROC-curve was estimated, using a random-ef-
fects regression model (78-80) and assuming that studies were heterogeneous
because of the use of different threshold levels. The same procedures were fol-
lowed for studies on AFC from the updated search.
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Table 1. Characteristics of the 13 included studies for Anti-Mllerian Hormone

Author Consecutive One cycle Data per Cohort/ Prospective/
per couple  cycle case-control Retrospective
Ebner 2006 Yes Yes Yes Cohort Prospective
Eldar-Geva 2005 Yes Yes Yes Cohort Prospective
Ficicioglu 2006 Yes Yes Yes Cohort Prospective
Fréour 2007 No Yes Yes Cohort Prospective
Kwee 2007 Yes Yes Yes Cohort Prospective
La Marca 2006 Yes Yes Yes Cohort Prospective
Mcllveen 2006 No Yes Yes Cohort Prospective
Muttukrishna 2004~ No Yes Yes Cohort Prospective
Muttukrishna 2005 Yes Yes Yes Cohort Retrospective
Penarrubia 2005 Yes Yes Yes Case-control Retrospective
Smeenk 2006 No Yes Yes Cohort Prospective
Tremellen 2005 Yes Yes Yes Cohort Prospective
Van Rooij 2002 Yes Yes Yes Cohort Prospective

BC = Beckman - Coulter, DSL = Diagnostic System Laboratories, NS = not stated

The constructed summary ROC curves for AMH and AFC were tested for statisti-
cally significant differences with a linear regression model, similar to the model
used to evaluate the impact of study characteristics.

Results

Systematic review

The systematic MEDLINE search produced 742 hits, from which we selected 24
studies based on the abstract reading. We were able to create 2x2 tables from 9
studies. We contacted the authors from the remaining studies of whom four pro-
vided us with the necessary data to construct the 2x2 tables. Through this search
and selection strategy, a final number of 13 studies reporting on the capacity of
AMH to predict ovarian response and/or non-pregnancy after IVF and consid-
ered suitable for data extraction and meta-analysis were identified (74;81-92).
Five studies reported on both poor response and pregnancy, 1 study on preg-
nancy alone and 7 studies on poor response alone. The characteristics of the
included studies are listed in Table 1. From this table it was shown that all studies
presented data for one cycle per couple and that the majority used a prospective
cohort design. Also, definitions for poor response were quite uniform. However,
selection bias was judged to be present in quite a number of studies.
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Table 1. Continued

Blinding Selection  Verification Agonist / Definition Poor Response AMH-assay
Bias Bias Antagonist Prediction; Pregnancy

No Yes Yes Both <4 oocytes; Clinical BC

No Yes No Agonist Ongoing BC

No No No Agonist <5 oocytes DsL

No Yes No NS <6 oocytes BC/DSL

No Yes No Agonist <6 oocytes DSL

No No Yes Agonist <4 oocytes or cancellation; BC
Ongoing

No Yes No Agonist <4 oocytes BC

No Yes No Both <4 oocytes or cancellation; BC
Ongoing

No No No Agonist <4 oocytes BC

No No No Agonist Cancellation; Clinical BC

Yes Yes No Agonist <4 oocytes; Ongoing BC

No Yes No Agonist <4 oocytes BC

No Yes No Agonist <4 oocytes BC

For the AFC, the updated systematic search and selection revealed no addition-
al studies eligible for analysis. Consequently, a total of 17 studies on AFC was
available.

Accuracy of poor response prediction

Sensitivities and specificities for the prediction of poor ovarian response,
as calculated from each study reporting on AMH, are summarized in Table 2.
The sensitivity varied between 40% and 91%, and the specificity between 64%
and 100%. Homogeneity for both sensitivity and specificity had to be rejected
(p value for the x2-test for sensitivity and specificity 0.04 and 0.001, respective-
ly). For this reason, the calculation of a single summary point estimate for sensi-
tivity and specificity was not meaningful.

Logistic regression analysis showed that none of the study characteristics re-
corded had a statistically significant impact on the reported predictive perfor-
mance of AMH. For example, whether the design of the study was retrospective
or prospective, no influence was made on the prognostic capacity of AMH as
estimated by the studies. A plot of sensitivity-specificity points in a ROC space
is shown in Figure 1.
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Chapter 2

The Spearman correlation coefficient for sensitivity and specificity was -0.31
which was judged to be sufficient to estimate a summary ROC curve (Figure 7).

Accuracy of non pregnancy prediction

For the prediction of non-pregnancy, the sensitivities and specificities of each
study are summarized in Table 2. Similar as for ovarian response, homogeneity
for sensitivity had to be rejected. However, specificity appeared to be homoge-
neous (x>-test: p value 0.11). Sensitivity varied between 19% and 66%, whereas
specificity varied between 55% and 89%. As for the estimation of one summary
point for sensitivity and specificity, statistical homogeneity for both test pa-
rameters was required. Consequently, this solution was abandoned. A plot of
sensitivity-specificity points in ROC space is shown in Figure 1.

Accuracy Poor Response prediction
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Figure 1. Accuracy of poor response and nonpregnancy predictions
AFC = Antral Follicle Count, AMH = Anti-Mdllerian Hormone, ROC = Receiver Operating characteristic
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The role of AMH in the prediction of outcome after IVF

The Spearman correlation coefficient for sensitivity and specificity was -0.71 for
the prediction of non-pregnancy, which was judged to be sufficient to estimate
a summary ROC curve (Figure T).

Clinical value

Based on the summary ROC curves depicted in Figure 1, a range of positive like-
lihood ratios was calculated corresponding to various sens/spec points at this
ROC curve. For each of these likelihood ratio values the pre-AMH test probabil-
ity of poor response or non pregnancy (set at 20% and 80%, respectively) were
converted into a post-AMH-test probability. Table 3 depicts a series of likelihood
ranges and the probability of obtaining an AMH test corresponding to this like-
lihood ratio range, as well as the post test probability of poor response and non
pregnancy. At a maximum positive likelihood ratio of ~8, the post-AMH test
probability of poor response will approximate 65%, if the pre-AMH-test prob-
ability is assumed to be as high as 20%. The probability of obtaining a test result
for AMH with a likelihood ratio ~8 is high enough to consider the AMH as a clini-
cally valuable test for poor response prediction.

For prediction of non pregnancy, the extremely low AMH cut off level that is
necessary to obtain a moderate positive likelihood ratio of ~5, leading to a post
test pregnancy rate of less than 5% based on a pre test rate of 20%, occurs only
in an extremely limited number of patients (Table 3). The summary ROC curve
runs not far from the line of equality indicating that most of the ROC curve is
uninformative (likelihood ratio ~1).

Comparison of AMH to AFC

In the analysis of the 17 available studies, sensitivity and specificity for AFC in
the prediction of poor response and non-pregnancy both showed heterogene-
ity. After excluding the necessity of subgroup analysis from the study charac-
teristic analysis, the Spearman correlation coefficients between sensitivity and
specificity for both poor response and non-pregnancy were judged to be suf-
ficient to estimate summary ROC curves (-0.63 and -0.67 respectively). These
curves are drawn in Figure 1, and show quite a high accuracy for the prediction
of poor ovarian response, but very limited accuracy for non-pregnancy predic-
tion.

Comparison of the estimated summary ROC curves for the prediction of poor
response showed no significant improvement in the performance for AMH
compared to the AFC (p value 0.73). The overall accuracy for predicting non-
pregnancy was poor for both tests. There was no significant difference between
the ROC curves for the prediction of non-pregnancy between both tests (p
value: 0.67).
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Clinical value as outlined in Table 3 indicates a slightly better performance for
basal AMH compared to the AFC. Especially the course of the ROC curve along
the y-axis suggests that many cases of poor response can be identified with
only a limited number of false positives. If more false positives are accepted
sensitivity can amount up to 70% with only a false positive rate of 10% and this
test performance will imply a realistic number of abnormal tests.

Table 3. Occurrence of both Ant-Millerian Hormone (AMH) and Antral Follice Count (AFC) results
within a specified likelihood ratio (LR) range and the concomitant posttest probabilities of poor re-
sponse and nonpregnancy, given a prevalence of poor response of 20% and nonpregnancy of 80%.

Prediction of poor response (pre-test probability = 20%)

Occurrence of test results Posttest probability
LR range
in this range (%) of poor response (%)
AMH AFC

0-1 66 68 <20
1-2 7 10 20-33
2-3 5 4 33-43
3-4 7 6 43-50
4-5 1 0 50-56
5-6 1 0 56-60
6-7 0 0 60-64
7-8 0 0 64-67
>8 13 12 >67

Prediction of non-pregnancy (pre-test probability = 80%)
0-1 75 77 <80
1-2 15 16 80-89
2-3 6 5 89-93
3-4 1 0 93-94
4-5 3 2 94-95
5-6 0 0 95-96
6-7 0 0 96-96.5
7-8 0 0 96.5-97
>8 0 0 >97

For a high level of LR (i.e, ~8) the probability of producing a poor response is 70%. The chance of
obtaining such a test result at the cut-off level for AMH used would be ~13%. At the same high level
of positive LR the chance of not becoming pregnant is ~97%. The probability of measuring AMH at
that low cut-off, however, is close to zero.
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Discussion

Main findings

This meta-analysis summarizes the available evidence on the accuracy of AMH
in the prediction of poor ovarian response after stimulation for IVF in compari-
son to the AFC.The ROC curves do not suggest a clearly better predictive ability
for AMH compared to the AFC, and indeed the difference was not significant
statistically (p=0.73). This implies that the best poor response predictor to date,
the AFC (67), has obtained company from a test that may have some crucial
advantages. Application of this test does not need to be carried out on a spe-
cific day of the cycle, as AMH levels have shown to fluctuate only marginally
and prediction by samples of any cycle day will be equally accurate (56;88;93).
Blood sampling often is part of preparation for IVF treatment and therefore
extra vena puncturing will not be necessary. Currently, the availability of the
AMH assay may present some problems but surely this test system soon will
become part of one of the large automated platforms, with inherent validity
checks and limited assay variation. In contrast, the AFC necessitates skilled ul-
trasound operators who carefully identify, measure and count ovarian follicles.
Although observer bias may be limited technically (94;95), a new source of bias
may arise from the fact that the ultrasound operator is aware of the cut off for
test judgment and may become influenced by the consequences of the test for
the treatment of the couple. Such test inflation has recently been suggested
from a study in older IVF patients who were allowed or refused IVF treatment on
the basis of this test (66). Also, the AFC is to be carried out in the early follicular
phase of the cycle, although variation of counts across the cycle may also be
very modest (96).

The performance for non-pregnancy prediction is clearly poor for both AMH
and the AFC.This comes as no surprise as AMH, like the AFC, is strongly believed
to only represent the size of the cohort of FSH-sensitive follicles continuously
present in the ovaries. Response to ovarian hyperstimulation will be directly
linked to this cohort size (97). The relation between quantity and oocyte and
embryo quality is much less clear. Indeed, the chance of pregnancy after IVF
depends on many more factors than the cohort size alone, like embryo qual-
ity, transfer technique and endometrial receptivity (98). Also, over the past de-
cades, not a single ovarian reserve test has been evaluated in a series of sub-
sequent IVF cycles. It is likely that only by studying several consecutive cycles
a true representation of a female’s remaining reproductive capacity will be ob-
tained. Only one study has demonstrated a certain predictive value regarding
the occurrence of pregnancy in a selected group of cases with normal FSH and
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AFC levels (77). This study, however, could not be included in the present meta-
analysis due to the lack of data to produce a contingency table.

Limitations

Our meta-analysis has possible weaknesses. First, across studies poor response
has been defined in various ways. Most definitions are based upon outcome
parameters of the IVF treatment, such as cycle cancellation for absent or very
limited follicle growth, the number of oocytes obtained or the number of ma-
ture follicles at ultrasound. Besides the definition of poor response, the cut-off
value of poor response also differs among studies, for example the number of
oocytes retrieved may vary between <4 and <7 oocytes. This may lead to het-
erogeneous study groups and therefore potential difficulties in pooling of data.
However, as studies appeared quite homogenous regarding the quality char-
acteristics analyzed, the spread across the ROC diagram indicates that cut off
values and definitions for the outcome variable used are very likely to be the
cause for this variation. This is also exemplified by the fact that a summary ROC
curve could be fitted to the studies.

It should be remembered that the purpose of any ORT is the identification of
women with poor ovarian reserve for their age. This meta-analysis assessed the
performance of AMH in a univariate context, independent of female age, while
female age is the most important predictor in a priori prospects for IVF outcome
(99). Thus, clinical studies in which the performance of AMH is compared in a
multivariable analysis taking into account its interaction with female age are
needed before the true applicability of AMH can be established.

Finally, no international assay standard for AMH measurements exists, possibly
contributing to the discordance between different studies and therefore mak-
ing comparison between laboratories difficult (91). Also, there is a moderate in-
tercycle and interobserver variability in the Antral Follicle Count (94). Currently,
the role of these factors cannot be separately analyzed.

Implications for clinical practice

The question is whether the fairly good predictive ability of AMH regarding the
occurrence of poor response to hyperstimulation has clinical value. An ideal
ovarian reserve test should identify a substantial percentage of IVF indicated
cases, with a practically zero chance of becoming pregnant in a series of treat-
ment cycles due to the adverse effects of diminished ovarian reserve. Those cas-
es can be refrained from entering the program, as a quite high patient burden
with only disappointing outcome can thereby be prevented. Also, high costs
for only minimal results could be avoided. Accurate prediction of poor response
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could therefore have clinical value if the pregnancy prospects are so unfavor-
able that a predicted poor responder would be denied treatment.

Here we face two problems as follows: one is the fact that poor response pre-
diction is not fully reliable and that women with false positive test results may
incorrectly be refrained from IVF. From the ROC curve in Figure 1 it can be read
that at a desired level of sensitivity of 70-80% a false positive rate of 10-20%
can be expected. If predicted poor responders indeed have a very poor prog-
nosis for pregnancy and should be refused for treatment extreme cut-off val-
ues would be used to prevent false positives. This would implicate that only
minor percentages of abnormal tests will be found and many poor responders
will pass unrecognized. Secondly, many poor responders achieve a pregnancy,
although prospects indeed are less optimal compared to normal responders
(100). Especially poor responders at a young age have a different prognosis
compared to older poor responders (65). It is in fact the lack of a direct relation
between quantity of response and quality of the oocytes that makes identifica-
tion of very poor prognosis cases so difficult. Finally, the valuation of the weight
of both false positive and false negative predictions should be considered. If
patients are interviewed on the incorrect withholding IVF as compared to in-
correct performing IVF, they consider the first much worse than the second,
thereby implicating that currently available tests for ovarian reserve have in it-
self insufficient accuracy to withhold IVF (101).

Apart from the predictive meaning for the occurrence of pregnancy after IVF,
the prediction of poor ovarian response is also potentially important for indi-
vidual adjustment of the dose of gonadotrophins prior to IVF. Patients with a
poor expected response are believed to benefit from a starting dose of 225 in-
stead of 150 IU/day. A randomized trial on the subject showed that an individ-
ual dose regimen in a well-defined ‘standard’ patient population increased the
proportion of appropriate ovarian responses and decreased the need for dose
adjustment during controlled ovarian stimulation (102). In contrast, a random-
ized trial in predicted poor responders based on a prior AFC showed no benefit
for response or pregnancy rates of a stimulating dose of 300 units compared to
adose of 150 U (103).

In fact, the point may be raised as to whether there is any proven effective
management for poor responders. In short, there are two strategies. The first
method functions by using higher amounts of gonadotrophins, whereas the
second method functions on the belief that with the addition of medication,
ovarian sensitivity may improve. Although high doses of gonadotrophins have
been used by the vast majority of authors, results have been controversial and
prospective randomized studies have shown little or no benefit. Adjuvant ther-
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apy with growth hormone (GH) or GH-releasing factors did not result in sig-
nificant improvement. The use of corticosteroids and nitric oxide donors has
shown encouraging results but confirmation studies are lacking. Finally, natural
cycle IVF has produced results which are comparable with those obtained with
stimulated cycles in true poor responders. Well-designed, large-scale, random-
ized, controlled trials are needed to assess the true efficacy of these different
management strategies (104).

To date, basal FSH is the most commonly used test for ovarian reserve estima-
tions. The accuracy and clinical value of this test has been much debated in a
recent review (58). In a comparison with the Antral Follicle Count, basal FSH ap-
peared inferior in poor response prediction (67). Therefore, based on the pres-
ent results, AMH may become a test for quantitative ovarian reserve that is to be
preferred over basal FSH. Apart from the cycle instability of FSH (56) compared
to AMH, FSH levels may become elevated due to other causes, like familial dizy-
gosity or FSH receptor polymorphisms (64;105;106).

Based on the current status of ovarian reserve tests it can be proposed that IVF
may be initiated without any ovarian reserve test carried out. The response in
the first cycle could then serve as a first line test and if it is poor, it may necessi-
tate the application of an ORT like the AFC or AMH. If such a test would confirm
the existence of a poor ovarian reserve, then the prognosis can be considered
poor and further treatment refrained (107). If normal, a dose adaptation may be
considered worthwhile and continuation of treatment justified.

Future research

Knowledge regarding the processes that dictate reproductive aging is still lim-
ited. We understand that follicle numbers decline with age but lack knowledge
on how follicle reserve builds up in the fetal ovaries and is subsequently wasted.
Thus, we cannot explain inter-individual variation in this reduction process. We
recognize that oocytes lose the competence to produce viable embryos with
advancing age, but fail to understand the mechanisms behind this process.
Two decades of research on ovarian reserve has not delivered a highly accu-
rate endocrine or imaging test that makes a clear clinical difference in patient
management. ldentifying genetic markers of the processes that regulate fol-
licle quantities and oocyte quality (108) as well as longitudinal studies on the
relationship between these markers and the occurrence of menopause (109)
appear needed to truly advance the field of assessing ovarian aging and pre-
dicting reproductive potential on an individual basis.
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In summary, this meta-analysis has shown that AMH has at least the same level
of accuracy and clinical value for the prediction of poor response and non-preg-
nancy compared to the AFC. Clinical applicability ultimately depends on the
way abnormal test results will alter patient management.
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Abstract

Context

Ovarian reserve tests (ORT) are frequently used prior to IVF-treatment for out-
come prediction, however it is unclear whether they add prognostic value to
readily available patient characteristics such as age.

Objective
To assess the added value of ORT to patient characteristics in the prediction of
poor ovarian response and pregnancy after IVF.

Data sources
Individual patient data from previously published studies.

Study selection
Studies on FSH, AMH or AFC in women undergoing IVF, published until Decem-
ber 2009.

Data extraction

We used random intercept logistic regression prediction models to correct for
between-study heterogeneity in estimating the added prognostic value of ORT
on patient characteristics.

Results

We received 28 study-databases from 24 authors, regarding 5,705 women un-
dergoing IVF. For the prediction of a poor response age had an area under the
ROC curve (AUC) of 0.61. Both AFC and AMH clearly and significantly added
prognostic value to age (p-value for each <0.001). A model with age, AFC and
AMH had an AUC of 0.80. Similar accuracy was also reached by AMH or AFC,
when used in isolation (AUCs 0.78 and 0.76, respectively). Combining the two
tests did not improve the prediction of poor response (p=0.19). Age was the
best single predictor of an ongoing pregnancy (AUC 0.57) here ORT did not
have added value.

Conclusions

This IPD meta-analysis demonstrates that AFC and AMH clearly add to age in
the prediction of poor response to ovarian stimulation for IVF and that these
ORT in themselves can predict poor response well. In contrast, ORT do not add
any information to the limited capacity of female age to predict ongoing preg-
nancy after IVF. This implies that claims on the usability of ORT prior to IVF must
be limited to prediction of ovarian response, while identifying zero prognosis
patients remains illusive.
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Introduction

The incorporation of ovarian reserve tests (ORT) in IVF started after initial
publications indicated a potential role for basal FSH in predicting pregnancy
outcome after IVF and the usefulness in counseling patients (109;110). Since
these first publications, a large body of additional work on basal FSH and
several other tests has been published, often with inconsistent findings of the
magnitude and direction of the predictive effect. It became evident that the
clinical value of previously published prediction models was highly dependent
on the consequences related to the prediction (i.e. counseling versus refraining
from treatment). Moreover, female age, itself strongly related to IVF outcome, was
frequently omitted as a serious contributor in the prediction models (58;111).
Overall, individual studies have shown considerable variation in predictive
capacity of ovarian reserve tests. The conventional way to summarize the
available evidence would be to perform a systematic review and meta-analysis of
the sensitivity and specificity of ovarian reserve tests, as reported in the published
studies (112). A major problem in interpreting the published studies is the
striking heterogeneity in for example individual patient populations, stimulation
protocols, hormone assays and ultrasound techniques. Conventional meta-
analysis of the accuracy of tests cannot easily account for this heterogeneity,
nor does it respect the continuous nature of ovarian reserve test data, or the
statistical dependence between related tests and variables: the results of
ORT are related to female age, and both are predictive of IVF outcome (113).
To arrive at summary estimates of the added value of ORT in women undergoing
IVF, we undertook a meta-analysis with original individual patient (IPD) data. By
collecting test results, age and other patient characteristics and IVF outcome in
each individual patient, we would be able to respect the continuous nature of
ORT data and to study the added value of ORT to basic patient characteristics
in predicting IVF outcome. Our aim was to answer the question whether the
most widely used ORT, Follicle Stimulating Hormone (FSH), Antral Follicle Count
(AFC) and Anti-Mullerian Hormone (AMH) added significantly and substantially
to baseline female characteristics, such as age, in predicting the outcome of IVF
treatment.
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Methods

Data acquisition

We started with a literature search to identify studies of the value of FSH, AFC
and AMH in predicting IVF outcome. We built on searches performed in previ-
ous, conventional systematic reviews on the subject (58;114). A systematic lit-
erature search was performed in PubMed to identify additional eligible papers,
published until December 2009 (Figure 1). Eligible for the current review were
studies presenting data on at least one ORT and at least one patient character-
istic and IVF outcome, in terms of ovarian response to stimulation, clinical or
ongoing pregnancy, or both.

Keywords used were synonyms for in vitro fertilization (IVF, controlled ovarian
stimulation, in vitro fertilisation) and synonyms for the respective ORT (FSH,
Follicle Stimulating Hormone, AFC, Antral Follicle Count or number, AMH, An-
ti-Mdllerian Hormone, Millerian inhibiting substance). All titles and abstracts
were evaluated for eligibility by two authors (SB, JvD) and if necessary the opin-
ion of a third author was decisive (FB). All authors of identified eligible primary
studies were informed about this IPD meta-analysis project and invited to share
their data in a collaborative project. If authors were inclined to participate, they
were provided with a data request form, informing them on the format of the
data requested.

After data acquisition, all data were carefully examined and when possible con-
verted into a single format. Any issues or inconsistencies were checked with the
original author. For more detailed description of IPD meta-analysis methodol-
ogy the reader is referred to previous papers of our group (113;115).

A comparison was made between the studies that were and were not included.
If possible, sensitivity and specificity of the ORT in the prediction of a poor re-
sponse or ongoing pregnancy were calculated for the included and not includ-
ed studies. For these two groups (included and not included studies) a Spear-
man correlation was calculated for every ORT and outcome measure, to test
whether the differences in sensitivity and specificity were the result of different
threshold levels and therefore to study the association between sensitivity and
specificity. The Spearman correlations for each ORT and outcome were then
compared between these groups, to see whether these groups were comparable.

Statistical analysis

All analyses were performed both for poor response as well as for ongoing
pregnancy. Poor response was defined as the yield of 4 or less oocytes at fol-
licle aspiration or a cancelled cycle due to poor ovarian response (less than 3-4
dominant follicles (>12 mm diameter)), since this is a common used definition
for poor response (114). Ongoing pregnancy was defined as a visible gesta-
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tional sac on ultrasound with heartbeat at a gestational age of at least 9 weeks.
Duration of subfertility was defined as the period from the cessation of oral
contraceptive use or start of unprotected intercourse until the first IVF attempt.
A missing value analysis on the ORT and patient characteristics female age,
BMI and duration of subfertility was performed. When a particular variable was
missing in an individual database, data were not imputed.

Random intercept logistic regression prediction models were then created with
‘Lme4’ library in R (version 2.9.0. (http://www.r-project.org/), using the Laplace
approximation to the likelihood. These models were created to quantitatively
estimate the added value of the ovarian reserve tests on the patient character-
istics in predicting poor response or ongoing pregnancy. By using a random
intercept, the heterogeneity in prevalence of poor response or ongoing preg-
nancy between the original studies could be corrected for.

Three different models for the prediction of poor response or ongoing preg-
nancy were used. The first model included the patient characteristics female
age, BMI and duration of subfertility. In the second set of models the predictive
capacity of individual ovarian reserve tests FSH, AFC and AMH in combination
with significant patient characteristics was estimated. In the third set of models
the added value of combinations of ovarian reserve tests on patient character-
istics was evaluated.

We then constructed Receiver Operating Characteristic (ROC) curves. Using the
random intercept logistic regression models, probabilities of poor response or
ongoing pregnancy could be calculated. Based on these, we plotted stratified
ROC curves, with the ROC regression model as proposed by Janes and Pepe
(116;117). This model assumes that studies share a common ROC for each ORT,
but allow the positivity threshold corresponding to each sensitivity-specificity
pair to vary between studies. With this model the improvement in predictive
accuracy of adding an ORT to other variables can be studied, while correcting
for the heterogeneity between studies. This way we could compare the ROC
and AUCs of the models described above and evaluate them for statistically
significant difference.

Because not all studies in this meta-analysis would report data for all three ORT,
we constructed the prediction models using those databases from the total da-
taset that included the three ovarian reserve tests (FSH, AFC and AMH) and age
to allow for direct comparison The results of our analyses in the three-test study
groups were then checked against the effects in the total study group. Data
were analyzed using SPSS 17.0 (SPSS Inc., Chicago, Il, USA), SAS 9.1 (SAS Insti-
tute Inc.,, Cary, NC, USA) and R version 2.9.0. (http://www.r-project.org/).
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Results

Data acquisition

We identified 115 eligible manuscripts, of which we obtained contact infor-
mation from 93 authors. From these 93 authors, 67 replied to our (repeated)
email or phone contact. Ultimately, we received 28 study-databases which had
been used for the publication of 55 manuscripts, provided by 24 collaborating
authors (73;80;81;84;85;87,89;96;101;118-136). These 28 databases contained
data on 5,705 subfertile women (Figure 7). Data from 4,170 women were suit-
able for poor response analysis, of which 893 (21%) had a poor response. Data
from 5,367 women could be used for the analysis of ongoing pregnancy predic-
tion, of which 1,231 women (23%) obtained an ongoing pregnancy.

Studies from search Medline

N=2,386

Studies eligible for inclusion

N=115

Untraceable authors

N=22

Authors approached

N=93

No response after repeated effort by phone or e-mail

v

N=26
Positive response
N=67
Data lost
" N=12

Figure 1. Flowchart of included studies

Baseline characteristics of the study group are summarized in Table 1. Baseline
characteristics of the original studies are summarized, showing a high degree
of variation in poor response and pregnancy incidences, as well as in ovar-
ian reserve test averages between the original studies (Table A-l, Addendum).
Study characteristics in terms of sampling, data collection and study design are
shown in Table A-Il Addendum. With the original data we were able to replicate
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the primary findings of the original study in 10 databases. In 11 databases, the
study database we received contained a number of patients that differed from
the publication, whereas in seven other databases there were slight inconsis-
tencies in the baseline data previously published. The level of consistency be-
tween the individual data and the data reported in the published manuscript
was considered sufficient for all included studies. The comparison of the Spear-
man correlations of the included and not included studies for each ORT and
outcome showed that for none of the ORT in both outcome measures a signifi-
cant difference was found.

Table 1. Baseline characteristics of included studies

Mean
(5th-95th percentile)

Patient characteristics

Female age (years) 34.3(26.7-41.9)
FSH (IU/L) 78(3.8-14.0)
AFC (number) 116 (3.0-25.0)
AMH (ng/ml) 2.1(0.1-6.0)
BMI (kg/m?) 23.2(185-30.1)
Duration of subfertility (years) 401 (1.0-9.1)

Prevalences
Poor Response 21.4%
Ongoing Pregnancy 22.9%

Poor Response: < 4 oocytes retrieved. Ongoing pregnancy: positive heartbeat at AD >9wk. Duration of
subfertility: the period from the cessation of oral contraceptive use or start of unprotected intercourse
until the first IVF attempt. N = 5,705

Prediction of a poor response and pregnancy from patient characteristics

For the model building exercises we could use the data from 617 women for
poor response analysis and from 420 women for ongoing pregnancy analysis.
Of all patient characteristics, age was the strongest single predictor of poor re-
sponse (OR 1.12: 95% ClI 1.08 to 1.17) (Addendum Table A-lll). BMI and duration
of subfertility were not significantly predictive of poor response.

In pregnancy prediction, age was the strongest single predictor of pregnancy,
compared to other patient characteristics (OR 0.93: 95%Cl 0.92 to 0.95) (Adden-
dum Table A-ll). Duration of subfertility was found not to be significantly associ-
ated with ongoing pregnancy, but BMI was. In a multivariable model only BMI
added any predictive value to age (Addendum Table A-ll). Since age was the
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single constant and strongest predictor of poor response and ongoing preg-
nancy, all further multivariable analyses studied the added predictive effect of
the ovarian reserve tests FSH, AFC and/or AMH on the predictive value of age.

Prediction of a poor response or ongoing pregnancy from ovarian reserve tests
We compared the ORT using the random intercept logistic regression model
in predicting poor response (see Table 2 and Addendum Table A-1V). The ROC
regression analysis showed a high accuracy for AMH (AUC 0.78: 95% Cl 0.72 to
0.84) and for AFC (AUC 0.76: 95% C1 0.70 to 0.82), but only a moderate accuracy
for FSH (AUC 0.68: 95% Cl 0.61 to 0.74) (Table 3). In predicting pregnancy after
IVF all three ORT only had very small or no predictive effect (Table 2 and Ad-
dendum Table A-1V). The AUC were 0.53, 0.50 and 0.55 for FSH, AFC and AMH, re-
spectively) (Table 3). Age was the strongest single predictor of pregnancy after
IVF, with moderate accuracy (AUC 0.57).

Table 2. Univariable and multivariable models of age and ORTs in the prediction of a poor response
and ongoing pregnancy

Poor Response Prediction Ongoing Pregnancy Prediction
OR 95% Cl P-value OR 95% Cl P-value
Univariable models
Age (per year) 112 1.08-1.17 <0.001 0.94 0.89-0.99 0.011
FSH (per 1U/L) 127 1.19-1.35 <0.001 0.98 0.92-1.04 0477
AFC (per N) 0.77 0.73-0.82 <0.001 1.00 0.97-1.03 0.951
AMH (per ng/ml) 0.50 041 -0.60 <0.001 1.09 096 -1.24 0.197
Multivariable models
Age and FSH
Age (per year) 112 1.07-1.17 <0.001 0.94 0.89-0.99 0.013
FSH (per IU/L) 1.26 1.18-1.34 <0.001 0.99 0.93-1.05 0.632
Age and AFC
Age (per year) 1.07 1.02-1.11 0.007 0.93 0.89-0.98 0.020
AFC (per N) 0.78 0.74-0.83 <0.001 0.99 0.96-1.02 0.625
Age and AMH
Age (per year) 1.08 1.03-1.13 0.001 094 0.89-0.99 0.017
AMH (per ng/ml) 0.54 044-066 <0001 1.06 093-1.21 0373

Results of random intercept logistic regression model in the prediction of poor response or ongoing
pregnancy. For the prediction of a poor response the multivariable analyses showed that all three
ORTs add predictive information to female age alone.

Female age is the strongest predictor of ongoing pregnancy. All three ORTs show a very small or
absent predictive effect in the prediction of an ongoing pregnancy. Multivariable analyses show that
all three ORTs do not add predictive information to female age alone in the prediction of an ongoing
pregnancy. P values reflect whether the variable plays a significant role in the model.

NB in three-test study group N = 617 for poor response prediction and N = 420 for ongoing preg-
nancy prediction. OR (Odds Ratio), 95%Cl (95% Confidence Interval).
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Table 3. AUCs of prediction models of age and ovarian reserve tests for the prediction of a poor

response

Three-test study group Total study group
AUC 95% Cl Pvalue N AUC 95% Cl Pvalue N

Poor Response Prediction
Univariable models

Age 061 054-0.68 NA 617 060 057-064 NA 4034
FSH 068 061-0.74 0051 617 066 062-0.69 0.004 3652
AFC 076  0.70-0.82 <0.001 617 0.73 069-0.77 <0.001 2118
AMH 0.78 0.72-084 <0.001 617 081 0.77-084 <0001 1274
Multivariable Models
Age & FSH 071 065-078 <0001 617 069 066-072 <0001 3652
Age & AFC 079 073-085 <0001 617 076 0.72-080 <0001 2118
Age & AMH 0.77 0.70- 083 <0001 617 080 0.76-084 <0.001 1274
Age & AMH & AFC 080 0.74- 086 <0001 617 080 0.74-086 <0001 618

Age & AMH & AFC&FSH 081 0.75- 086 <0001 617 081 075-086 <0001 617
Ongoing Pregnancy Prediction
Univariable models

Age 057 047-066 NA 420 056 0.54-059 NA 5207
FSH 053 043-062 0348 420 054 051-058 0084 3521
AFC 050 040-059 0100 420 052 048-057 0612 1977
AMH 055 045-064 0630 420 0.58 051-064 0.495 1008
Multivariable models

Age & FSH 058 048-067 0195 420 060 057-064 0116 3521
Age & AFC 058 048-067 0247 420 057 052-061 0709 1977
Age & AMH 057 048-067 0.753 420 0.59 053-065 0415 1008
Age & AMH & AFC 059 049-068 0371 420 0.59 049-0.68 0.341 421

Age & AMH &AFC&FSH 058 049-068 0414 420 058 049-068 0414 420

Poor Response Prediction. In the univariable analysis it is shown that both AMH and AFC have

a high accuracy, while FSH only has a moderate accuracy. In the multivariable models the added
value to the AUC of an ORT on female age is shown, the p value indicates whether this added value
is significant in comparison to age alone. All ORTs show a significant rise in the AUC. Moreover, the
added value of adding several ORTs to female age is shown. The model including age, AFC and AMH
reached the maximum predictive power. Addition of FSH to this model did not improve the predic-
tive accuracy (P = 0.449). This level of accuracy is however also obtained when using a two factor
model in the total study group (Age and AMH), or even with just AMH alone and the addition of age
or AFC to AMH alone is not significant (p = 0.167 or p = 0.187, respectively).

Ongoing Pregnancy. In the univariable analysis it is shown that age is the strongest predictor com-
pared to the single ovarian reserve tests. The multivariable analysis shows that no single or combined
ORT adds substantional predictive power to age alone. This is shown in the three-tests study group,
as well as in the total study group.

AUC = Area Under the Curve, ORT = Ovarian Reserve Test, AMH = Anti-MUllerian Hormone, AFC =
Antral Follicle Count, FSH = Follicle Stimulating Hormone.
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Multivariable prediction models for poor response and ongoing pregnancy

The multivariable analyses for poor response prediction showed that a model
including age, AFC and AMH (AUC 0.80) had a significantly higher predictive
accuracy than a model based on age alone (AUC 0.61). Addition of FSH to this
model did not significantly improve the predictive accuracy (P = 0.45) (Table 3).
Yet the predictive value of the multivariable model, including age and the two
ORT AMH and AFC, was not significantly better than that of a single ORT, when
used in isolation (p = 0.17 for AMH; p = 0.99 for AFC). AMH as a single predictor
has an accuracy comparable to all multivariable models with AMH and age or
any other ORT. The ROC curves corresponding to the multivariable analysis are
shown in Figure 2A.

Multivariable analysis for prediction of ongoing pregnancy indicated that no
single or combined ORT added substantial predictive power to age alone (Table
3).The AUC for the combination of Age, AMH and AFC was 0.59. The ROC curves
corresponding to the multivariable analyses are shown in Figure 2B.

Discussion

The results of this IPD meta-analysis demonstrate that both AFC and AMH clear-
ly add value to female age in the prediction of poor ovarian response in IVF,
and that good predictions can be made with either AMH and AFC alone, even
without using female age, with areas under the ROC curve reaching 0.80. Com-
bining ORT does not significantly improve prediction. For prediction of ongo-
ing pregnancy after IVF, ORT do not add to the limited capacity of female age.
The findings from our analysis, which was able to deal with the substantial het-
erogeneity across the contributing studies and data, are in line with conclusion
suggested by previous systematic reviews and meta-analysis of both single
ovarian reserve tests and multivariable prediction models for poor response to
ovarian hyperstimulation (58;111;114). Both AMH and AFC strongly represent
the size of the cohort of FSH sensitive follicles continuously present in the ova-
ries, often referred to as the quantitative ovarian reserve. Response to ovarian
hyperstimulation has been shown to be directly linked to this cohort size (96).
The role for AMH in marking the ovarian ageing process has been demonstrat-
ed in several studies showing that AMH decreases gradually with age and is
predictive of the timing of menopause (36;37;71;137-139). From these data the
capacity of AMH as a marker of the quantitative ovarian reserve has become
established.

For ongoing pregnancy prediction, age is the single most important predictor,
although accuracy of pregnancy prediction is far from optimal. In contrast with
their performance in predicting poor response, the present data demonstrate
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Figure 2. ROC curves of age and ORTs in the prediction of poor response and ongoing pregnancy
(A) Poor response prediction based on age and ORTs. In the upper panel the ROC curves of age and
age combined with a single or more ORTs are depicted. The ROC curves for'‘Age + AMH,’Age + AMH
+ AFC'and‘Age + AMH + AFC + FSH'run toward the upper left corner, indicating a good capacity to
discriminate between normal and poor responders at certain cut-off levels.

(B) Ongoing pregnancy prediction based on age and ORTs. The ROC curves age and age combined
with one or more ORT run almost parallel to or even cross the X=Y line, indicating that the test will not
perform better than flipping a coin in predicting who will become pregnant. The test is then consid-
ered useless for pregnancy prediction.

AFC, Antral Follicle Count; AMH, Anti-Mdllerian Hormone; FSH, Follicle Stimulating Hormone; ORT,
Ovarian Reserve Test; ROC, receiver-operating characteristic.
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that ovarian reserve tests perform poorly in predicting pregnancy. The large
body of data in the present analyses finally clarifies the lack of added value of
currently known ORTs to knowing female age. Since ovarian response to con-
trolled hyperstimulation expresses quantitative ovarian reserve and the occur-
rence of an ongoing pregnancy after IVF is mainly related to qualitative ovarian
reserve, it can be emphasized that ORT reflect the quantitative aspect of the
ovarian reserve status only. Qualitative ovarian reserve appears much harder
to evaluate. In addition, ovarian reserve may not be the only factor affecting
pregnancy chances in IVF/ICSI. Several factors, such as embryo quality, transfer
technique or endometrial receptivity may act here (140). It is likely that only by
studying several consecutive treatment cycles, a true representation of a wom-
an’s remaining reproductive capacity may be obtained. Over the past decades,
only one study evaluated the predictive role for ovarian reserve tests in a series
of subsequent IVF cycles, demonstrating that female age was the only factor
predicting ongoing pregnancy after 3 treatment cycles, with no apparent role
for ORT (106).

The performance of assisted reproduction technology (ART) in infertile cou-
ples is far from optimal. Out of every 100 couples initiating IVF, only 50-60 will
achieve their goal, even after having undergone several treatment cycles. This
high failure rate could be attributed to several factors, of which drop out rates
and reduced ovarian reserve are the most popular ones. The urge to improve
ART performance put a high focus on identifying adequate ovarian reserve
tests. The limited accuracy of current tests has led to the situation that unfavor-
able test outcomes only lead to counseling and treatment adaptations that lack
a solid scientific basis, in stead of a refusal to offer ART treatment in the first
place. Recent studies have suggested a role for the use of patient characteristics
combined with AMH for identification of poor prognosis categories (141;142).
The question how these predictions could alter patient management or aid in
upgrading ART performance has remained unanswered yet. This may be also
explained by the fact that very poor prognosis categories are very difficult to
identify with sufficient precision.

Recent publications have suggested to calculate age specific decline curves in
order to maximize the ORT accuracy (143-145). One study calculated age specific
FSH levels and live birth chances and demonstrated that variation in the chanc-
es of live birth is primarily determined by age, and only to a much lesser degree
by basal FSH (144). The analysis also demonstrated that FSH decline curves for
five age groups yielded different cut off values in the prediction of delivery rates
(145). Since there was a very low rate of abnormal tests, the authors’ conclusion
that basal FSH could serve as a reliable prognostic tool, remains to be demon-
strated, even if age-specific cut-off values of the ORT would be applied.
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In the long lasting debate on the true value of ovarian reserve testing prior to
IVF, a systematic review of the literature with meta-analysis can be of help as
an objective and systematic approach in summarizing the available evidence.
At present, the conventional meta-analysis of multivariable models still poses
considerable challenges that are difficult to tackle, especially where the added
value of several factors of interest can not be analyzed. In addition to the con-
ventional hurdles, in terms of heterogeneity in study population and variable
measurement, a strong prerequisite therefore is that the models are sufficiently
comparable in form and structure. The current level of reporting does not easily
allow such comparison, making conventional meta-analysis not an easy task.
The strength of the present collaborative effort obviously is the ability to ana-
lyze the independent added value of several relevant predictors in a large body
of data. With the generous help of a large group of contributors, we have been
able to collect data on a number of patients that, though not covering the en-
tirely evidence base, far surpasses that of the largest study performed so far.
Thereby we have achieved consistency in variable coding and a form of statisti-
cal analysis that accommodates the remaining heterogeneity between studies.
Itis to be expected that similar issues in the evaluation of tests and markers can
be resolved with the meta-analysis of individual patient data. More and more
funding agencies are inviting investigators to have a data sharing policy, and
to allow others to benefit from the resources invested in the research. Inspired
by the major successes achieved by the multicenter genetic consortia, those of
us more interested in clinical research could develop similar initiatives for pa-
tient centered research. We strongly believe that joining efforts in multicenter
collaborations, possible even fine-tuning and coordinating study protocols
through prospective meta-analysis, is an inevitable next step for clinical science
in the 21t century, not just for randomized trials of interventions, but also in the
evaluation of medical tests and biomarkers.

Some weaknesses of the current approach may be acknowledged, for the cur-
rent study the databases of 55 of the eligible 115 manuscripts could be ob-
tained. We were unable to reach a number of authors, primarily because of inac-
curate contact information or because authors did not reply to e-mail addresses
provided. Furthermore, older data were often lost or kept in a format that could
no longer be read or converted. The Spearman correlations of the included and
not included studies were calculated and compared in order to study whether
these groups were comparable. For none of the ORT in both outcome measures
a significant difference in the Spearman correlations was found. We therefore
believe, that the included and not included studies are comparable and that
the current number of participants and level of detail allowed us to analyze a
representative selection of the collected data.
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The clinical use of markers like AMH, basal FSH and the AFC is mostly based
on cut off levels. From the IPD based dataset, cut off levels for poor response
prediction could be derived that have a general applicability. Unfortunately, the
methods used for assessment of follicle numbers and AMH and FSH serum lev-
els varied across the studies, thereby prohibiting the calculation of relevant cut
off levels. To some extent, correction factors to standardize the results from vari-
ous studies could be applied. Currently, however, this approach has not yielded
final data for one of the three tests of interest. Therefore, centers for ART, apply-
ing tests for poor response prediction should rely on their own data analyses
for cut off level assignment. Indeed, development of centre based prediction
models for patient management or counseling is now gaining rapid attention.
The clinical implications of the present findings will necessarily remain lim-
ited to the use of ORTs in predicting poor response to controlled ovarian hy-
perstimulation. The real clinical value of the prediction of a poor response will
depend on the consequences of the prediction result. So far clinicians do not
agree on what alterations in treatment regimen may be of help in predicted
poor responders (103;146;147). Various (pseudo)randomized controlled trials
have investigated whether individualization of the FSH treatment dose results
in higher pregnancy chances in poor responders (101;102;148-150). Only one
study reports a dosing algorithm that would increase pregnancy chances in
poor responders, while others were unable to reproduce these effects (101).
For the optimization of the ovarian response, two studies have shown that with
an individual dose the response could be optimized and fewer patients would
have a poor response (101;150). This could have consequences for the treat-
ment efficacy and costs. Future large, well designed randomized controlled tri-
als are necessary to identify the best treatment option for poor responders. At
present, the accuracy of pregnancy prediction is such that exclusion of patients
other than on the basis of female age is not to be supported.

In conclusion, this IPD meta-analysis demonstrates that the ovarian reserve
tests AFC and AMH add predictive accuracy to age in the prediction of poor re-
sponse to ovarian hyperstimulation for IVF. The accuracy of AFC and AMH when
used in isolation, is similar to that of multivariable models with age and ORT. A
single test of AFC and AMH can be considered sufficient. The clinical applica-
bility of ORT based dose adaptation on efficacy and costs remains to be dem-
onstrated. More importantly, the correct identification of patients with a very
poor prognosis for pregnancy after ART, will not be improved by any currently
known ovarian reserve test. In the field of patient selection prior to ART, female
age therefore remains the most important, though modestly effective, tool.
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Table A-l. Study Characteristics of the included studies

Female age BMI (kg/m?) Duration of FSH (1U/l)
(years) subfertility (years)
Study Mean Mean Mean Mean
(5th-95th percentile) (5th=95th percentile) (5th-95th percentile) — (5th-95th percentile)
Anderson 343 (26.6-42.2) 239(17.9-34.9) 5.1(2.0-10.3) 75(3.7-12.3)
Ashrafi 30.0 (22.6-39.5) NA 6.4 (1.0-17.4) .2 (1.6-15.1)
Bancsi 34.6 (27.0-40.7) NA 48(1.9-11.1) 4 (4.1-15.0)
Caroppo 38.0 (35.0-43.0) NA NA 4(49-21.2)
Copperman 355 (26.9-42.9) NA NA 4(34-13.6)
Ebner 32.7(24.0-39.2) NA 4.1(1.0-11.7) 1(44-13.8)
Eldar-Geva 30.0 (22.3-37.0) 23.8(17.7-37.3) 4.2(1.5-10.3) 6.7 (3.7-11.1)
Erdem 35.2 (27.6-44.4) NA 9.6 (1.3-20.8) 1(3.9-14.7)
Greenblatt 33.5(27.0-39.0) NA NA 6 (4.1-9.6)
Jayaprakasan 33.5(25.1-39.0) NA NA 2(4.0-10.7)
Klinkert 41.1(38.2-44.7) NA NA 6 (3.7-20.0)
Kwee 34.0 (27.6-40.0) NA 3.8(13-7.0) 1(4.2-14.7)
La Marca 35.5(27.0-42.0) NA 29(1.0-6.3) NA
Mcllveen 37.3(29.3-42.8) NA 46(1.0-139) 83(4.7-12.0)
Merce 34.4(27.3-39.0) 20.6 (17.2-24.4) 2.7 (1.0-6.0) NA
Muttukrishna 2004 37.6 (28.4-45.0) NA NA 9(3.2-16.7)
Muttukrishna 2005 354 (28.0-43.0) NA NA 6.9 (3.8-124)
Nelson 33.9(26.0-40.0) 24.5(19.7-30.1) 3.5(3.0-4.0) 8.7 (3.9-16.5)
Ng 2000 34.3(27.0-39.0) 22.2(183-284) 4.9(2.0-10.0) 5(3.8-10.8)
Ng 2005 32.8(28.0-37.0) 20.7 (17.5-26.3) 49(2.0-10.0) .5 (4.0-9.0)
Popovic-Todorovic 2003a 32.3(26.0-38.9) 22.8(18.8-29.3) NA 0 (4.5-10.0)
Popovic-Todorovic 2003b  32.6 (26.3-37.0) 233(18.6-31.3) NA 3(3.8-9.0)
Smeenk 2000 345 (28.4-41.4) 23.8(18.5-30.6) NA 8(34-11.4)
Smeenk 2007 32.9(26.0-40.0) NA 3.7 (1.0-8.0) NA
Tomas 33.3(26.0-39.0) 23.9(19.1-30.0) NA NA
van Rooij 36.3 (28.4-43.9) 23.7(186-31.2) 29(1.0-6.9) 85(3.7-18.2)
van der Linden NA NA NA 8.5(4.1-14.8)
Vladimirov 34.3(26.0-44.0) 21.6(189-26.3) 6.5 (3.0-18.0) 7.3(24-14.1)

For each individual study the mean, 5th and 95th percentile of the patient characteristics female age, BMI and
duration of subfertility and ovarian reserve tests FSH, AFC and AMH are shown. The percentage poor responders
and women that achieved an ongoing pregnancy are also shown. A = AFC2-10mm, B = AFC2-5mm, C = AFC2-
8mm, D = DSL assay, E = Beckman Coulter assay. NA = not available.
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Table A-l. Continued

AFC (number) AMH (ng/ml) Prevalence Prevalence Number of
Poor Response Ongoing Pregnancy  patients

Mean Mean % % N
(5th-95th percentile)  (5th — 95th percentile)
129 (4.8-26.6)" NA 22 14 58
NA NA 40 NA 50
NA NA 31 14 505
NA NA 40 17 76
NA NA 3 36 701
NA 34(0.6-7.9)F 17 39 135
22.6 (5.0-50.4) 3.1 (0.6-8.6)° 7 35 54
7.0 (2.8-16.0)° NA 13 34 32
13.8 (5.0-28.5)¢ NA 11 27 297
16.3 (6.1-29.0)* NA 7 43 100
7.7 (20-17.0)8 NA 36 15 221
10 (2.6-20.0)* 3.0 (0.3-8.5)° 22 NA 110
NA 2.1(04-6.1)F 26 20 118
74 (2.0-13.0 1.6 (0.5-3.7)¢ 49 11 84
9.2 (1.0-21.0)® NA 19 35 65
NA 0.9 (0.1-4.4)" 44 NA 66
9.0 (2.6-16.5) 2.1(0.1-6.0)% 15 NA 70
NA 1.8 (0.1-5.0)° 32 22 340
11.9 (4.0-20.0) NA 25 17 131
9 (4.0-16.0) NA 16 10 127
0(5.0-27.0)® NA 6 31 262
16.2 (5.3-29.7) NA 7 28 145
15.9 (5.0-30.0)* 3.0(0.5-8.9)F 16 50 80
NA NA NA 17 1292
10.9 (2.0-23.0)° NA 28 15 166
84 (1.0-20.9)® 1.1 (0.0-3.9)¢ 44 19 222
NA NA 16 26 159
8.9 (3.0-17.0* 2.8 (0.5-8.4)" 36 NA 39
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Table A-lll. Univariable and multivariable analyses of patient characteristics in the prediction of
poor response or ongoing pregnancy

Three tests study group Total study group
OR 95% Cl P-value OR 95% Cl P-value

Poor Response Prediction
Univariable models
Age (per year) 112 1.08-1.17  <0.001 113 1.10-1.15 <0.001
BMI (per kg/m?) 1.05 0.99-1.11 0.114 1.03 0.99 - 1.06 0.154
Duration (per year) 1.01 0.93-1.09 0.854 1.04 1.00-1.08 0.038
Multivariable models
Age and BMI

Age (per year) 1.11 1.06-1.17 < 0.001 1.13 1.10-1.17 <0.001

BMI (per kg/m?) 1.03 0.97 -1.09 0.356 1.02 0.98 - 1.06 0.284
Age and duration

Age (per year) 1.12 1.07-1.17 < 0.001 1.12 1.09-1.14 <0.001

Duration (per year) 1.01 0.94-1.09 0.796 1.03 0.99-1.07 0.199

Ongoing Pregnancy Prediction

Univariable models

Age (per year) 0.94 0.89-0.99 0.011 093 0.92-0.95 <0.001
BMI (per kg/m?) 091 0.85-0.97 0.005 0.94 090-097  <0.001
Duration (per year) 0.90 0.79-1.04 0.145 0.93 0.89-0.97 < 0.001
Multivariable models
Age and BMI
Age (per year) 093 0.89-0.99 0.017 0.95 092-098 <0001
BMI (per kg/m?) 091 0.85-0.98 0.009 0.94 091-0.97 < 0.001
Age and duration
Age (per year) 092 0.87-0.97 0.002 0.95 093-097 <0001
Duration (per year) 0.88 0.77-1.02 0.085 0.93 0.89-0.97 0.002

Results of the random intercept logistic regression model in the prediction of a poor response are
shown in the upper part of the table. Age is the strongest predictor of a poor response, both in the
three-test study group as in the total study group. BMI and duration of infertility showed no predic-
tive information for a poor response. Results of random intercept logistic regression model in the
prediction of an ongoing pregnancy are shown in the lower part of the table. Age is the strongest
predictor of pregnancy in the three-test population as in the total population. BMI is predictive of
pregnancy in both the subpopulation and the total population. Duration of infertility is only predic-
tive of ongoing pregnancy in the total database.

Dataset three-study group N = 617 for poor response prediction and N= 420 for ongoing pregnancy
prediction. OR (Odds Ratio), 95% Cl (95% Confidence Interval).
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Table A-IV. Univariable and multivariable models of age and ORTs in the prediction of a poor
response or ongoing pregnancy

Poor Response Prediction Ongoing Pregnancy Prediction
OR 95% Cl P -value OR 95% ClI P -value
Univariable models
Age (per year) 1.13 1.10-1.15 < 0.001 0.93 0.92-0.95 < 0.001
FSH (per 1U/L) 1.19 1.16-123 <0.001 093 0.91-0.96 < 0.001
AFC (perN) 0.80 0.78-0.83 <0001 1.02 1.00- 1.03 0.031
AMH (per ng/ml) 040 034-047 <0001 1.14 1.06-1.22 0.001
Multivariable models
Age and FSH
Age (per year) 1.11 1.09-1.14 <0.001 0.92 0.91-0.95 < 0.001
FSH (per 1U/L) 1.18 1.14-121 <0.001 0.95 0.92-0.98 <0.001
Age and AFC
Age (per year) 1.07 1.04-1.11 <0.001 0.95 092-098 < 0.001
AFC (per N) 0.82 0.79-0.84 <0.001 1.01 0.99-1.03 0.238
Age and AMH
Age (per year) 1.06 1.03-1.10 <0.001 0.95 092-098 0.002
AMH (per ng/ml) 044 037-0.51 <0.001 1.09 1.01-1.18 0.027

In the prediction of a poor response the effects of AMH and AFC are stronger than that of the FSH.
Multivariable analyses showed that all three ORTs add predictive information to female age alone in
the prediction of a poor response. Female age is the strongest predictor of ongoing pregnancy. Al
three ORTs show a very small or absent predictive effect in the prediction of an ongoing pregnancy
in the univariable and multivariable analysis.

NB in total study group. OR (Odds Ratio), 95% Cl (95% Confidence Interval).
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Chapter 4

Abstract

Introduction

A recent systematic review has pointed out that ovarian reserve tests (ORTS)
can predict poor response to ovarian hyperstimulation for IVF/ICSI, but fail to
correctly identify women with a very poor prognosis of pregnancy. Despite this
overall result, it is very well possible that the accuracy of ovarian reserve tests
actually varies across patient subgroups defined by age, duration of subfertil-
ity or other patient characteristics. We evaluated the discriminatory capacity of
ORTs for IVF/ICSI outcome in clinically relevant subgroups, using the individual
patient data from published studies.

Methods

Authors of primary published studies on ovarian response to controlled ovarian
stimulation and ongoing pregnancy in IVF/ICSI cycles and at least one ovarian
reserve test (FSH, AFC or AMH) were invited to share their databases with indi-
vidual patient data. After databases had been merged according to a standard
procedure, receiver operating characteristic (ROC) regression analyses were
performed to study the effect of specific patient characteristics on the discrimi-
natory capacity of the ORTs.

Results

We obtained data from 28 studies reporting on 5,705 subfertile women under-
going IVF/ICSI. For the prediction of a poor response, ROC regression analysis
showed that the accuracy of all ORTs was lower with increasing age and the
effect was significant for AMH (P = 0.004). In women with a longer duration
of subfertility, the accuracy of AFC was significantly lower (P = 0.002). For the
prediction of ongoing pregnancy, the predictive capacity of the ORTs improved
with increasing age and the effect was significant for FSH (P = 0.004). Despite
this effect, the accuracy of ongoing pregnancy prediction remained low in all
subgroups.

Conclusion

This IPD meta-analysis demonstrated that AMH is less accurate in older women
and AFC less accurate when the duration of subfertility is longer. Obvious im-
provement of poor response prediction in one of the specific subgroups could
not be found. Ovarian reserve tests for predicting ongoing pregnancy contin-
ued to perform poorly across the various clinical subgroups. This implies that
ovarian reserve tests remain applicable solely for response prediction, in un-
selected populations indicated for IVF.
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Introduction

Since the introduction of IVF more then three decades ago, clinicians have
searched for tests that can predict the outcome of IVF/ICSI treatment, in addi-
tion to female age. At present, various screening tests are available, of which
Follicle Stimulating Hormone (FSH), Antral Follicle Count (AFC), and Anti-Muil-
lerian Hormone (AMH) are most frequently used. Each of these quantitatively
expresses features of ovarian reserve and the responsiveness to gonadotrophin
stimulation for IVF. The test results are used for informed counseling of the pa-
tient, to adjust the treatment approach or the stimulation dosage, or to discuss
entrance into the IVF program. So far, these tests have shown to be useful in
discriminating between poor, normal and excessive responders, but they fail to
inform correctly on pregnancy prospects (42;114;151).

Information from medical history (such as female age, duration of subfertility)
and physical examination (like bodyweight and height) is commonly used in
addition to the results of ovarian reserve testing. It may be possible that the ac-
curacy of ovarian reserve tests actually varies across specific patient subgroups.
As ovarian reserve decreases with increasing age, it could be questioned
whether the accuracy of the prediction of poor response or ongoing pregnancy
alters in age categories. For BMI it could be postulated that response prediction
may be more difficult due to for example technical difficulties with the AFC or
because of altered biologic availability of recombinant FSH. Longer duration of
subfertility could reflect the severity of ovarian ageing and therefore constitute
a subgroup, where accuracy of these tests will alter in conjunction with higher
prevalence of poor ovarian reserve.

In previously published literature on ovarian reserve testing, these patient
characteristics were usually not taken into account in the analysis. This may be
explained by a limited sample size and therefore a lack of power to evaluate pa-
tient characteristics as determinants of the accuracy in specific subgroups. Sys-
tematic reviews and meta-analyses of diagnostic testing aim to summarize the
results of multiple studies in order to offer more precise and reliable estimates
of the accuracy of such tests (152-155). However, conventional meta-analysis,
in which data are aggregated on the level of the individual study, cannot eval-
uate determinants of accuracy. In contrast, meta-analysis on the level of the
individual patient data (IPD) is able to do so (115). Such an approach allows an
analysis not at the study level but at the level of the individual patient in each
study, having access to additional patient characteristics, while taking study dif-
ferences into account (113;115).

In the present study we compared the discriminatory capacity of three ovar-
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ian reserve tests: basal FSH, Antral Follicle Count (AFC) and Anti-Miillerian Hor-
mone (AMH) in clinical subgroups defined by female age, BMI and duration of
subfertility

Methods

Method of Individual Patient Data systematic review and meta-analysis

Existing systematic searches of studies of AMH, AFC and FSH as prognostic indi-
cators of ovarian response to hyperstimulation and/or clinical or ongoing preg-
nancy were updated, and used to identify papers published up to December
2009 (58;114) (Figure 1). A systematic search in Medline was carried out using
synonyms for in vitro fertilization (IVF, controlled ovarian stimulation, in vitro
fertilisation) and synonyms for the various tests (FSH, Follicle Stimulating Hor-
mone, AFC, Antral Follicle Count or number, AMH, Anti-Mullerian Hormone,
Mdillerian inhibiting substance) as keywords.

Studies from search Medline
N=2386
Studies eligible for inclusion
N=115
Untraceable authors
>
N=22
Authors approached
N=93
No response after repeated effort by phone or e-mail
>
N=26
Positive response
N=67
Data lost
e N=-12

Figure 1. Flowchart of the search and selection strategy

Potentially eligible were studies that reported on the association of one or
more of these ovarian reserve tests and the outcome measures poor ovarian
response and/or pregnancy after an IVF/ICSI treatment and that had registered
one or more patient characteristics. Studies including patients with ovulation
disorders as the cause of subfertility were excluded.
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All retrieved titles and abstracts were evaluated by two authors (SB, JvD) for
eligibility and if necessary the opinion of a third author was decisive (FB). The
authors of identified primary studies that met our eligibility criteria were ap-
proached and informed about this collaborative IPD meta-analysis project, and
invited to share their data. If they were inclined to participate, they were provid-
ed with an author’s agreement form and a data request form, informing them
on the format of the data requested.

After data acquisition, all data were carefully examined and when possible con-
verted into a single format. Any issues or inconsistencies were checked with the
original author. For more detailed description of IPD meta-analysis methodol-
ogy the reader is referred to previous papers (113;115).

A comparison was made between the studies that were and were not included.
If possible, sensitivity and specificity of the ORTs in the prediction of a poor
response or ongoing pregnancy were calculated for the included and not in-
cluded studies. For these two groups a Spearman correlation was calculated for
every ORT and outcome measure, to test whether the differences in sensitiv-
ity and specificity were the result of different threshold levels and therefore to
study the association between sensitivity and specificity. The Spearman correla-
tions of for each ORT and outcome were then compared between these groups,
to see whether the included and not included studies were comparable.

Statistical analysis

All analyses were performed both for poor response as well as for ongoing
pregnancy after IVF/ICSI treatment. A poor response was defined as the yield
of 4 or less oocytes at follicle aspiration or a cancelled cycle due to poor ovarian
response (less than 3-4 dominant follicles (>12 mm diameter) growing), since
this is a common used definition for poor response (114). Ongoing pregnancy
was defined as a visible gestational sac on ultrasound with heartbeat at a gesta-
tional age of at least 9 weeks. Duration of subfertility was defined as the period
from the cessation of oral contraceptive use or start of unprotected intercourse
until the first IVF attempt.

Within each study, we calculated the poor response and ongoing pregnancy
rates. We then obtained Receiver Operator Characteristics (ROC) curves for each
testin each study and estimated the Areas Under the Curve (AUC). These curves
were unconditional, as they did not take patient characteristics into account.
After this, we performed a meta-analysis of the accuracy data for each test,
based on the data of all studies. We obtained summary estimates of the AUC
while adjusting for the individual studies, using the model proposed by Janes
and Pepe (116;117). In this model studies are assumed to share a common ROC
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for each ORT, but the positivity threshold corresponding to each sensitivity-
specificity pair is allowed to vary between studies.

To study whether the ORTs perform differently in subgroups defined by age,
BMI or duration of subfertility we used the ROC regression model proposed by
Pepe and Janes (116;117). In this model the ROC curves of the ORTs are mod-
eled as a function of the covariates (age, BMI or duration of subfertility), since
these patient characteristics can impact the inherent discriminatory accuracy
of the ovarian reserve tests. This regression analysis resulted in an estimate that
reflects the impact of the patient characteristics on the ROC curve and corre-
sponding AUC of the ovarian reserve tests. In this meta-analysis, we assumed
the effect of the covariate to be identical across studies, but, as in the previous
analysis, the positivity threshold corresponding to each sensitivity-specificity
pair was allowed to vary between studies, and therefore heterogeneity be-
tween studies is corrected for.

As a visual illustration of the results of the subgroup differences, we drew the
ROC curves in subgroups defined by female age, BMI and duration of subfertil-
ity categories. The corresponding AUCs were calculated for each group in turn
in order to express the overall discriminatory capacity (accuracy) of the ORT in
women in the respective subgroups.

Data were analyzed using SPSS 17.0 (SPSS Inc., Chicago, Il, USA), SAS 9.1 (SAS
Institute Inc., Cary, NC, USA) and R version 2.9.0. (http://www.r-project.org/).

Results

Data acquisition

In total, 115 eligible papers were identified in our literature search. The contact
information of 93 authors could be retrieved and these authors were invited
to join the collaborative project. The authors of 67 manuscripts replied to our
repeated email messages or phone contact. Eventually, 24 authors were willing
to collaborate (73;80;81;84;85;87;89;96;101;118-136). These authors provided
us with 28 study-databases with the original individual patient data, which had
been used for preparing 55 manuscripts (Figure T).

Study characteristics, such as a clear description of sampling, data collection
and study, were assessed (Addendum Table A-l). For 10 of the 28 databases
baseline data tables were fully consistent, while 11 databases had a different
number of patients in the database compared to the data tables described in
the manuscript. In another 7 databases there were slight inconsistencies in the
baseline data previously published. These differences were checked with the
authors and resolved if possible. The level of consistency between the individ-
ual data and the data reported in the published manuscript was considered
sufficient for all included studies.
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The comparison of the Spearman correlations of the included and not included
studies for each ORT and outcome showed that for none of the ORTs in both
outcome measures a significant difference was found. Therefore, it can be as-
sumed that the included and not included studies are comparable.

Statistical analysis

These 28 databases reported on a total of 5,705 subfertile women. Summary
baseline statistics are shown in Table 1. These results are also shown per study
in Table A-ll in the Addendum. Data from 4,170 women were suitable for ovarian
response analysis, of which 893 women (21%) had a poor response. For ongo-
ing pregnancy analysis data from 5,367 women were available, of which 1,231
women (23%) obtained an ongoing pregnancy.

Table 1. Baseline characteristics of included studies

Mean
(5th-95th percentile)

Patient characteristics

Female age (years) 343 (26.7-419)
FSH (IU/L) 78(3.8-14.0)
AFC (number) 116 (3.0-25.0)
AMH (ng/ml) 2.1(0.1-6.0)
BMI (kg/m?) 23.2(185-30.1)
Duration of subfertility (years) 401(1.0-9.1)

Prevalences
Poor Response 21.4%
Ongoing Pregnancy 22.9%

Poor Response: < 4 oocytes retrieved. Ongoing pregnancy: positive heartbeat at AD >9wk. Duration of
subfertility: the period from the cessation of oral contraceptive use or start of unprotected intercourse
until the first IVF attempt. N = 5,705

We obtained ROC curves for the different ORTs in the prediction of a poor re-
sponse to controlled ovarian stimulation and in the prediction of an ongoing
pregnancy, adjusting for the between study heterogeneity, using the model of
Pepe and Janes (116;117). For each ORT, we estimated the area under the curve
(AUCQ). The results of are shown in Table 2. The estimated AUCs of the ORTs in
each individual study are shown in Table A-lll Addendum. The overall AUC for
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Table 2. Areas Under the Curve of the ORTs in the prediction of Poor Response or Ongoing Pregnancy

Poor Response Prediction

FSH AFC AMH
AUC (95% CI) 0.66 (0.62 - 0.69) 0.73(0.69-0.77) 0.81(0.77 - 0.85)
N 3777 2118 1275
Ongoing Pregnancy Prediction
AUC (95% CI) 0.54(0.51-0.58) 0.52 (048 -0.57) 0.58 (0.48 - 0.64)
N 3666 1977 1009

Area Under the Curve, (95% Confidence Interval). AUCs were calculated using the ROC regression
model as proposed by Janes and Pepe (116;117).

AMH was 0.81, versus 0.73 for the AFC and 0.66 for basal FSH. For ongoing preg-
nancy prediction, all the ORTs had more limited accuracy with AUCs of 0.54,
0.52 and 0.58, for FSH, AFC and AMH, respectively.

We then fitted ROC regression models to study the effect of the patient char-
acteristics on the ROC curve of the ORTs in identifying women with a poor re-
sponse and with an ongoing pregnancy (Table 3).

For the prediction of a poor response, the accuracy of all ORTs was lower with
increasing age and the effect was significant for AMH (P = 0.004). Accuracy was
also significantly lower for AFC in couples with a longer duration of subfertility
(P =0.002). BMI had no significant effect on the ROC for any of the ORTs in the
prediction of a poor response. In contrast, the predictive capacity of the ORTs
in predicting an ongoing pregnancy was higher with increasing age and the ef-
fect was significant for FSH (P = 0.004). Neither BMI nor duration of subfertility
had any significant effect on the accuracy of the three ORTs to predict ongoing
pregnancy.

To illustrate the influence of patient characteristics on the predictive capacity,
we performed an ROC curve analysis in three sets of clinical subgroups, while
taking the heterogeneity between studies into account (116;117). The summa-
ry subgroup ROC curves of AFC and AMH in the prediction of a poor response
in clinical subgroups, defined by female age, BMI and duration of subfertility
are shown in Figure 2. The AUCs of the three ORTs in the prediction of a poor
response in subgroups defined by age, BMI and duration of subfertility are pre-
sented in Table 4. For the prediction of ongoing pregnancy, the ROC curves of
FSH in subgroups defined by female age are shown in the addendum in Figure
A-lI Addendum and the ROC-AUCs of all ORTs are shown in Table A-IV Addendum.
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Table 3. Results of the ROC regression analysis. ROC regression analysis showing the effect of the
patient characteristics on the ROC curve of the ovarian reserve tests in the prediction of a poor
response or ongoing pregnancy

Coefficient 95% Cl P-value
Age
Poor Response Prediction
FSH -0.006 -0.025to 0.012 0.555
AFC -0.021 -0.048 to 0.006 0.150
AMH -0.069 -0.115t0-0.023 0.004
Ongoing Pregnancy Prediction
FSH 0.033 0.009 to 0.055 0.004
AFC 0.020 -0.006 to 0.047 0.142
AMH 0.027 -0.006 to 0.064 0.144
BMI
Poor Response Prediction
FSH -0.022 -0.0591t0 0.014 023
AFC -0.014 -0.057 t0 0.037 0.562
AMH 0.002 -0.063 to 0.089 0.952
Ongoing Pregnancy Prediction
FSH 0.008 -0.040 to 0.055 0.749
AFC 0.002 -0.045 to 0.044 092
AMH -0.030 -0.098 to 0.044 0424
Duration

Poor Response Prediction
FSH 0.004 -0.034 t0 0.044 0.857
AFC -0.100 -0.168 to -0.042 0.002
AMH -0.047 -0.131to 0.023 0.242
Ongoing Pregnancy Prediction
FSH 0.000 -0.061 t0 0.053 0.992
AFC -0.065 -0.132 t0 0.005 0.056
AMH -0.049 -0.146 t0 0.019 0.242

Bold: Significant influence of the patient characteristics on the discriminatory capacity of the ovarian
reserve test in the prediction of a poor response or ongoing pregnancy.
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Figure 2. ROC curves for AMH and AFC in the prediction of a Poor Response in several clinical subgroups
In the left panel the ROC curves of AMH in the prediction of a poor response in several clinical sub-
groups, defined by female age, BMI or duration of subfertility are shown. Only age significantly influ-
ences the ROC curves of AMH. In the right panel the ROC curves of AFC in the prediction of a poor
response in several clinical subgroups, defined by female age, BMI or duration of subfertility are shown.
Only duration of subfertility significantly influences the ROC curves of AFC. The AUC and number of
patients of each subgroup are mentioned in Table 4.
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Discussion

The results of the present IPD-meta-analysis confirm that AFC and AMH have
substantial accuracy in the prediction of a poor response. Our results suggest
that increasing age negatively influences the accuracy of ORT, with the discrimi-
natory capacity diminishing in older women. This effect was significant for AMH.
Likewise, longer duration of subfertility negatively affects the performance for
the AFC. From the present data, BMI appeared not to influence the capacity of
the ORTs in the prediction of a poor response.

These findings implicate that age influences the accuracy of AMH and that du-
ration of subfertility influences the accuracy of AFC. Although ovarian reserve
decreases with age, and that it could be postulated that ovarian reserve is also
decreased in case of a longer duration of subfertility, AMH and AFC are believed
to reflect the true level of the quantitative ovarian reserve directly. Indeed in
older women or women with a longer duration of subfertility the prevalence of
a poor response may differ, but this should not alter the accuracy of the tests.
It could also implicate that within subgroups there is a different distribution of
the sensitivity-specificity pairs. This means that a different cut-off could be used
in these subgroups to maintain the desired level of sensitivity (consequently
with a decrease in specificity), or the other way around with maintenance of a
certain specificity level. Unfortunately, even in this IPD meta-analysis with 5,705
patients, it appeared not possible to determine these cut-offs because of the
different assays and ultrasound methods used. These changes in the accuracy
between subgroups may be significant only from the statistical point of view,
without a true implication of clinical practice, and without an obvious explana-
tory mechanism.

In contrast, the predictive capacity of the ORTs in predicting an ongoing preg-
nancy was higher with increasing age and the effect was significant for FSH.
This could possibly be explained by the unbalanced relationship between the
quantitative and qualitative aspect of the ovarian reserve. With increasing age
both the quantitative and qualitative aspect of the ovarian reserve decreases.
For young women with a low quantitative ovarian reserve, the quality of the
remaining oocyte may still be maintained and therefore they will still have fa-
vorable pregnancy prospects. In contrast, for an older woman with a low quan-
titative ovarian reserve the quality of the remaining oocyte is likely to be poor
and therefore the pregnancy prospect is less favorable. Therefore, it is likely
that with increasing age the prediction of the qualitative aspect (pregnancy)
through the quantitative measures is more accurate. However, the accuracy of
all three ORTs in the prediction of an ongoing pregnancy is poor, even in sub-
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groups with increasing age. Therefore, accurate prediction of an ongoing preg-
nancy with the use of ORTs should still be considered impossible without the
substantial risk of misclassification.

Some studies have evaluated the accuracy of ORTs in the prediction of live
birth, in different subgroups for age. Scott et al. (156), studied the discrimina-
tory capacity in subgroups defined by female age, but using an age specific
cut-off value based on the 95%Cl for that age group. In all age groups the dis-
criminatory capacity remained poor. Lee et al. (157), did show a significant im-
provement of AMH in the prediction of live birth in women older then 35 years.
Moreover, they also demonstrated an improvement of the accuracy of AMH in
women when a male factor for fertility was absent. However, in both groups of
women the area under the curve was at best 0.65, indicating that even in spe-
cific subgroups, the performance of AMH as predictor of live birth is insufficient.
No previous studies regarding ORTs in the prediction of response in different
subgroups have been performed.

Since prediction of pregnancy seems impossible, the clinical value of ovar-
ian reserve tests will depend on the consequences of poor response predic-
tion on clinical management. Can we prevent a poor response or alter clinical
management based on a predicted poor response? Several studies have been
performed regarding the adjustment or the starting dose or changing the
treatment protocol. Several studies showed no effect of altered treatment or
increasing the dosage of recombinant FSH (102;148;149). In contrast, two stud-
ies showed a positive effect of an individual starting dosage on the oocyte yield
(101;150). Randomized trials in a large population are needed to confirm these
results. Alternatively, can we do nothing but counsel and cancel the patient?
As we usher in a new era of genomic medicine, we look forward to more per-
sonalized and precise markers of reproductive competence. In conjunction, it is
our hope that patient-tailored protocols could be used to optimize stimulation
even in those who are exhibiting diminished ovarian reserve.

Ovarian reserve testing for prediction of response and pregnancy has been an
active area of research, and we were able to identify 83 eligible manuscripts.
We could not reach many of the authors of these eligible manuscripts, primarily
because of inaccurate contact information or because authors did not reply to
e-mail addresses provided. Also, older data were often lost or kept in a format
that could not be read anymore. Moreover, these eligible manuscripts also in-
clude studies regarding older ovarian reserve test like the clomiphene citrate
challenge test (CCCT) and exogenous follicle stimulating hormone ovarian
reserve test (EFORT). Unfortunately, this is a common problem in IPD meta-
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analysis. Currently, studies are conducted to study the possibility to combine
IPD data with aggregated data, to overcome this limitation (158). The Spear-
man correlations of the included and not included studies were calculated and
compared to study whether these groups are comparable. For none of the ORTs
in both outcome measures a significant difference in the Spearman correlations
of these groups was found. Therefore, we believe, that the included and not
included studies are comparable and that with the current number of partici-
pants and amount of data, we were able to analyze a representative selection
of data available.

Using original data of different studies comes with heterogeneity between
studies. The incorporation of ovarian reserve tests and restrictions based on test
results in everyday IVF practice has led to selection bias in some study popu-
lations. Heterogeneity found in the included studies pertained to differences
in IVF indications or access to IVF resources, differing treatment protocols and
embryo laws and discordant definitions of ongoing pregnancy. There is also a
variation in hormone assays and AFC sizes measured, for which no international
consensus exist to correct for these differences. Consequently, no cut-off values
for these tests could be used or mentioned. We have used the model by Janes
and Pepe et al. (116;117) in which the heterogeneity between studies is cor-
rected for.

In conclusion, this IPD meta-analysis shows that ORTs may be less accurate in
poor response and non pregnancy prediction in certain subgroups. However,
the observed effects will not disqualify the tests as predictors of poor response
in IVF, nor qualify any test for non pregnancy prediction in a certain clinical
subgroup. Therefor, ORTs remain applicable for poor response prediction in
unselected populations indicated for IVF.
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Table A-Il. Study Characteristics of the included studies

Female age BMI (kg/m?) Duration of FSH (1U/1)
(years) subfertility (years)
Study Mean Mean Mean Mean
(5th-95th percentile) ~ (5th-95th percentile) — (5th-95th percentile) — (5th-95th percentile)

Anderson 343 (26.6-42.2) 239(17.9-34.9) 5.1(2.0-10.3) 7.5(3.7-12.3)
Ashrafi 30.0 (22.6-39.5) NA 6.4 (1.0-17.4) 6.2 (1.6-15.1)
Bancsi 34.6 (27.0-40.7) NA 48(1.9-11.1) 84 (4.1-15.0)
Caroppo 38.0 (35.0-43.0) NA NA 11.4(4.9-21.2)
Copperman 35.5(26.9-42.9) NA NA 4(34-13.6)
Ebner 32.7(24.0-39.2) NA 4.1(1.0-11.7) 1(44-13.8)
Eldar-Geva 30.0 (22.3-37.0) 23.8(17.7-37.3) 4.2(1.5-10.3) 7 (3.7-11.1)
Erdem 352 (27.6-44.4) NA 9.6 (1.3-20.8) 1(3.9-14.7)
Greenblatt 33.5(27.0-39.0) NA NA 6 (4.1-9.6)
Jayaprakasan 33.5(25.1-39.0) NA NA 2 (4.0-10.7)
Klinkert 41.1 (38.2-44.7) NA NA 6 (3.7-20.0)
Kwee 34.0 (27.6-40.0) NA (1.3-7.0) 1(4.2-14.1)
La Marca 35.5(27.0-42.0) NA 29(1.0-6.3) NA
Mcllveen 37.3(293-42.8) NA 46(1.0-13.9) 8.3(4.7-12.0)
Merce 34.4(27.3-39.0) 20.6 (17.2-24.4) (1.0-6.0) NA
Muttukrishna 2004 37.6 (28.4-45.0) NA NA 9(3.2-16.7)
Muttukrishna 2005 354(28.0-43.0) NA NA 9(3.8-12.4)
Nelson 33.9 (26.0-40.0) 24.5(19.7-30.1) 3.5(3.0-4.0) .7 (3.9-16.5)
Ng 2000 34.3(27.0-39.0) 22.2(183-284) 4.9(2.0-10.0) .5(3.8-10.8)
Ng 2005 32.8(28.0-37.0) 20.7 (17.5-26.3) 4.9 (2.0-10.0) .5 (4.0-9.0)
Popovic-Todorovic 2003a 32.3(26.0-389) 22.8(18.8-29.3) NA 0(4.5-10.0)
Popovic-Todorovic 2003b 32,6 (26.3-37.0) 233(18.6-31.3) NA 3(3.8-9.0)
Smeenk 2000 34.5(28.4-41.4) 23.8(18.5-30.6) NA 8(34-114)
Smeenk 2007 329 (26.0-40.0) NA 3.7 (1.0-8.0) NA
Tomas 33.3(26.0-39.0) 23.9(19.1-30.0) NA NA
van Rooij 36.3 (28.4-43.9) 23.7(186-31.2) 29(1.0-6.9) 8.5(3.7-18.2)
van der Linden NA NA NA 8.5(4.1-14.8)
Vladimirov 34.3 (26.0-44.0) 21.6(189-26.3) 6.5 (3.0-18.0) 7.3(24-14.1)

For each individual study the mean, 5th and 95th percentile of the patient characteristics female age, BMI and du-
ration of subfertility and ovarian reserve tests FSH, AFC and AMH are shown. The percentage poor responders and
women that achieved an ongoing pregnancy are also shown. A = AFC2-10mm, B = AFC2-5mm, C = AFC2-8mm, D
= DSL assay, E = Beckman Coulter assay. NA = not available.
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Table A-Il. Continued

AFC (number) AMH (ng/ml) Prevalence Prevalence Number of
Poor Response Ongoing Pregnancy  patients

Mean Mean % % N
(5th—-95th percentile) ~ (5th — 95th percentile)

12.9 (4.8-26.6) NA 22 14 58
NA NA 40 NA 50
NA NA 31 14 505
NA NA 40 17 76
NA NA 3 36 701
NA 34(06-7.9)F 17 39 135
226 (5.0-504) 3.1 (0.6-8.6)F 7 35 54
0(28-16.0)¢ NA 13 34 32
138(50285) NA 11 27 297
16.3 (6.1-29.0) NA 7 43 100
7.7 (20-17.0° NA 36 15 221
10 (2.6-20.0)* 3.0(0.3-85)° 22 NA 110
NA 2.1(04-6.1)¢F 26 20 118
74(20-13.0" 1.6 (0.5-3.7)¢ 49 11 84
9.2 (1.0-21.0¢° NA 19 35 65
NA 0.9 (0.1-4.4)F 44 NA 66
9.0 (2.6-16.5) 2.1 (0.1-6.0) 15 NA 70
NA 1.8(0.1-5.0)° 32 22 340
11.9 (4.0-20.0) NA 25 17 131
9(4.0-16.0) NA 16 10 127
14.0 (5.0-27.0)° NA 6 31 262
16.2 (53-29.7) NA 7 28 145
15.9 (5.0-30.0) 3.0(0.5-8.9) 16 50 80
NA NA NA 17 1292
109 (2.0-23.0)° NA 28 15 166
84(1.0-209¢ 1.1 (0.0-3.9) 44 19 222
NA NA 16 26 159
8.9(3.0-17.0" 2.8 (0.5-84)F 36 NA 39
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Table A-lll. AUCs of the individual studies in the prediction of a Poor Response or Ongoing Pregnancy

Study Poor Response Prediction
FSH AFC AMH
AUC N AUC N AUC N

Anderson 0.76 46 0.74 46 NA NA
Ashrafi 0.57 50 NA NA NA NA
Bancsi 0.57 505 NA NA NA NA
Caroppo 048 76 NA NA NA NA
Copperman 0.67 570 NA NA NA NA
Ebner 0.70 127 NA NA 0.82 135
Eldar-Geva 0.96 52 0.97 36 0.98 54
Erdem 0.84 24 0.72 24 NA NA
Greenblatt 0.71 261 0.64 223 NA NA
Jayaprakasan 0.56 100 093 100 NA NA
Klinkert 0.62 212 0.73 221 NA NA
Kwee 0.84 109 0.81 109 0.81 105
La Marca NA NA NA NA 0.69 118
Mcllveen 0.54 71 0.72 70 0.70 71

Merce NA NA 0.65 88 NA NA
Muttukrishna 2004 0.75 66 NA NA 0.87 66
Muttukrishna 2005 0.56 68 0.7 68 0.6 68
Nelson 0.78 338 NA NA 0.87 319
Ng 2000 0.74 131 0.75 131 NA NA
Ng 2005 0.58 109 0.70 127 NA NA
Popovic-Todorovic 2003a 0.69 256 0.70 256 NA NA
Popovic-Todorovic 2003b 0.60 143 0.88 143 NA NA
Smeenk 2000 067 80 0.67 80 0.75 80
Smeenk 2007 NA NA NA NA NA NA
Tomas NA NA 0.69 160 NA NA
van Rooij 0.71 220 0.82 220 0.83 220
van der Linden 0.72 124 NA NA NA NA
Vladimirov 0.66 39 0.89 39 0.85 39

The AUCs of the ORTs in the prediction of a poor response and ongoing pregnancy are shown per indi-
vidual study. NA = not available.
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Table A-lll. Continued

Ongoing Pregnancy Prediction

FSH AFC AMH
AUC N AUC N AUC N
0.54 52 0.67 57 NA NA
NA NA NA NA NA NA
0.56 505 NA NA NA NA
0.65 76 NA NA NA NA
0.61 701 NA NA NA NA
0.56 124 NA NA 0.59 132
0.64 52 0.63 36 0.6 54
0.65 32 0.84 32 NA NA
0.50 297 0.57 250 NA NA
0.58 100 0.59 100 NA NA
048 212 0.64 221 NA NA
NA NA NA NA NA NA
NA NA NA NA 0.69 118
0.68 84 0.65 83 0.58 84
NA NA 0.62 65 NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
058 338 NA NA 0.58 319
049 131 0.53 131 NA NA
0.67 109 0.59 127 NA NA
0.53 262 0.49 262 NA NA
0.50 145 0.58 145 NA NA
0.58 80 0.60 80 0.55 40
NA NA NA NA NA NA
NA NA 0.58 166 NA NA
0.50 222 047 222 0.59 222
0.58 144 NA NA NA NA
NA NA NA NA NA NA
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Figure A-l. ROC curves of FSH in the prediction of an ongoing pregnancy in subgroups defined by
female age

The ROC curves of FSH in subgroups defined by female age in the prediction of an ongoing pregnan-
cy are shown. ROC regression analysis showed a significant influence of female age on the discrimina-
tory capacity of FSH for an ongoing pregnancy. However, in all subgroups the discriminatory capacity
of FSH is low and therefore prediction of an ongoing pregnancy with FSH levels remains inaccurate.
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Abstract

Background

Anti-Mullerian Hormone (AMH) is a marker of ovarian reserve status and rep-
resents a good predictor of ovarian response to ovarian hyperstimulation. The
aim of this study was to assess the accuracy of AMH and Antral Follicle Count
(AFC) as predictors of an excessive response in IVF/ICSI treatment.

Methods

A systematic review and meta-analysis of the existing literature was performed.
Studies were included if 2x2 tables for the outcome excessive response in IVF
patients in relation to AMH/AFC could be constructed. Using a bivariate meta-
analytic model, both summary point estimates for sensitivity and specificity
were calculated, as well as summary ROC curves. Clinical value was analyzed
by calculating post-test probabilities of excessive response at optimal cut-off
levels, as well as the corresponding abnormal test rates.

Results

Nine studies reporting on AMH and five on AFC could be detected. Summary
estimates of sensitivity and specificity for AMH were 82% and 76 %, respectively
and 82% and 80 %, respectively for AFC. Comparison of the summary estimates
and ROC curves for AMH and AFC showed no statistical difference. Abnormal
test rates for AMH and AFC amounted to ~ 14 and 16%, respectively, at cut off
levels where test performance is optimal (LR+ > 8), with a post test probability
of +/- 70%.

Conclusions

Both AMH and AFC are accurate predictors of excessive response to ovarian
hyperstimulation. Moreover, both tests appear to have clinical value. This opens
ways to explore the potential of individualized FSH dose regimens based on
ovarian reserve testing.
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Introduction

In in vitro fertilization (IVF) treatment, excessive response to FSH stimulation in-
troduces the risk for abdominal discomfort, painful follicle aspirations and cycle
cancellations (159). An excessive response will typically introduce the risk of
ovarian hyperstimulation syndrome (OHSS), a potentially life threatening con-
dition (160). Excessive response to ovarian stimulation will generate many oo-
cytes for the laboratory, that will not unequivocally lead to a full range of good
quality embryos (161-163). In addition, chances for pregnancy may decrease
(99). In view of these drawbacks, elimination of exaggerated ovarian response
in stimulation protocols will improve safety, success and cost factors of assisted
reproduction technology (ART) programs.

For primary preventive management to be developed, the reliability of tools
for prediction of ovarian response needs to be assessed first. Ovarian response
prediction is mainly based on ovarian reserve tests like the Antral Follicle Count
(AFC) and Anti-Mdllerian Hormone (AMH) (58;114). The AFC comprises the
number of 2-5 or 2-10 mm diameter follicles measured in the ovaries at the
start of the menstrual cycle (164) and is highly correlated to the number of oo-
cytes retrieved at pick up (91;114). AMH has been implicated as the most valu-
able marker of ovarian reserve as serum concentrations correlate highly with
baseline AFC and the number of oocytes retrieved at aspiration (73;83;84;165-
168). The aim of the present systematic literature review was to asses the true
accuracy of AMH and AFC as prognosticators for the prediction of an excessive
response after IVF/ICSI treatment.

Methods

Search and selection strategy

The literature was searched for studies that addressed the capacity of AFC or
AMH as prognosticators of excessive ovarian response after controlled ovarian
hyperstimulation in an IVF or ICSI treatment. No preset definition of excessive
ovarian response was used. Excessive ovarian response definition included
oocytes at retrieval above a certain threshold, estrogen-level above a certain
threshold, the development of ovarian hyperstimulation syndrome (OHSS) or
cycle cancellation due to a high response, or combinations of these. Also, any
cut-off or set of cut-offs for an abnormal AMH or AFC were included in this re-
view.

A systematic search in Medline was carried out using the keywords ‘in vitro fer-
tilization; ‘in vitro fertilisation; ‘assisted; ‘intracytoplasmic; ‘intracytoplasmatic’
in combination with ‘Anti-Millerian Hormone,‘mullerian inhibiting factor, ‘mul-
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lerian inhibiting substance’ or ‘Antral Follicle Count’ A period of all the years
through November 2009 was covered by the search. The abstracts of all studies
identified were read by one researcher (M.D.). Any article that could possibly
be of value for the association between AMH and AFC and the IVF outcome
excessive ovarian response was preselected. In the next step, two researchers
(M.D. and S.B.) carefully read and judged all preselected articles independently.
If it was judged possible to construct 2x2 tables from the data presented in the
paper, the study was selected for final inclusion and analysis in this review. In
a 2x2 or contingency table, the true positive, true negative, false positive and
false negative test results at a certain cut-off are displayed. In the event of any
disagreement between the two authors, the opinion of a third researcher (F.B.)
was final.

The authors of studies that reported on the ovarian reserve test result in rela-
tion to IVF outcome without the possibility of constructing 2x2 tables were con-
tacted by email and asked to provide the necessary data for the construction of
such a table. If adequate data were obtained in this way, the study was added to
the selection. In every selected study, the reference list was scanned to identify
studies that could possibly be included in the selection and then processed as
described.

Each selected study was further scored by the researchers (M.D and S.B) regard-
ing the following study quality characteristics: 1) patient sampling (consecutive
vs. other); 2) data collection method (prospective vs. retrospective); 3) study de-
sign (cohort vs. case control); 4) blinding (present vs. absent); 5) selection bias,
i.e. exclusion of cases based on criteria that affect the ability to generalize the
findings of the study, for instance women with elevated basal FSH or women
over 38 years of age (present or absent); 6) verification bias, ie. the use of results
of the test under study in adapting the treatment protocol in order to prevent
the predicted outcome, for instance poor ovarian response (present or absent);
7) analysis upon one or multiple cycles per couple; and 8) stimulation protocol
(GnRH-agonist or GnRH-antagonist). Also, data on the cut-off levels used were
recorded, as was the assay used for AMH measurement and whether AFC was
measured in 2-5 or 2-10 mm follicles. Because this review used only published
data form the literature, no approval from our institutional review board was
required.

Analysis

First, 2x2 tables were constructed from which sensitivity and specificity were
calculated. Sensitivity-specificity points were displayed in the Receiver Operat-
ing Characteristics (ROC) space (1-specificity versus sensitivity). Combinations
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of sensitivity and 1-specificity are indicative of the test accuracy, with studies
reporting high accuracy for both sensitivity and specificity are located in the
upper-left corner of the ROC space, and poor test results are located close to
the x=y line.

A meta-analysis was performed using a bivariate regression model (155). In
short, this bivariate model preserves the two dimensional nature of prognostic
data in a single model, rather than using a single outcome measure for each
study such as the diagnostic odds ratio. The bivariate model simultaneously es-
timates sensitivity and specificity, and incorporates the negative correlation that
may exist between sensitivity and specificity within studies, owing to possible
implicit differences in the applied threshold between studies. When necessary,
the bivariate model uses a random approach for both sensitivity and specificity,
allowing for heterogeneity beyond chance due to clinical or methodological
differences between studies. In addition, the model acknowledges the differ-
ence in precision by which sensitivity and specificity have been measured in
each study. This means that studies with a larger number of women with an
excessive response received more weight in the calculation of the pooled esti-
mate of sensitivity, whereas studies with a high number of women without an
excessive response were more influential in the pooling of specificity.
Sensitivity was plotted against 1-specificity (false positive rate) and pooled es-
timates for sensitivity and specificity were calculated and also plotted, together
with the 95% Confidence Interval (Cl) ellipse. As different studies have reported
results for different thresholds to define a positive test (cut off), we did not limit
our analysis to a single threshold value, but took advantage of the fact that the
model incorporates opposite effects on sensitivity and specificity when using
different cut-offs. In order to account for dependent observations (observations
on different cut-offs from the same study are likely to be correlated), we esti-
mated the model in 250 stratified bootstrap samples, in which only one threshold
value from each study was randomly selected. The overall estimates of sensitivity
and specificity were based on the average from 250 bootstrap samples.

The results of the model were used to estimate summary ROC-curves, where
the increase in sensitivity and decrease in specificity reflect the shift in threshold
value of the ovarian reserve in the model. We thereby had to convert param-
eter estimates from the bivariate model to those in the Summary ROC model,
as these are basically different statistical approaches for the same underlying
model (169). The difference between AMH and AFC in pooled sensitivity and
specificity was tested by fitting the bivariate model on data for both tests, with
test included as a covariate in the model.
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To asses the clinical value of both tests, post-test probabilities for the prediction
of an excessive response were calculated, by using the estimated summary ROC
curve and assuming an arbitrary prevalence (or pre-test probability) of 20% for
an excessive response. A series of likelihood ratio ranges for an abnormal test re-
sult was then derived from several points of the estimated summary ROC curve,
and at these various ranges of likelihood ratios, the post-test probabilities for
both tests were computed, as well as the corresponding abnormal test rates.
All statistical analyses were done using SAS 9.1 for Windows (Proc NIMixed in
the bivariate model).

Results

Systematic review

The systematic Medline search produced 170 hits. Of these, 126 articles were
excluded on the basis of title and abstract. Another 30 studies were excluded
on the basis of the fully read article. Finally, 14 studies were selected to be ap-
propriate for the current meta-analysis. From those 14 studies, in four studies
2x2 tables could be constructed from the article itself. The remaining 10 authors
were contacted and asked for the necessary data. Three studies could not be
included as the authors did not reply to the email request (74;83;170). Seven
authors did respond with the appropriate data to construct 2x2 tables. Thus,
a final number of 11 studies could be included for data extraction and meta-
analysis (73;84;87;88;91;128;130;167;168;171;172). Six studies reported on the
capacity of AMH to predict excessive response after IVF, two studies reported
on the capacity of AFC, and three studies studied both AMH and AFC (Figure 1).
The characteristics of the included studies are listed in Table 1. From this table it
becomes clear that all studies but one presented data for one cycle per couple
and that the majority used a prospective cohort design. However, selection bias
was judged to be present in all studies. This concerned the exclusion of older
women or women with signs of decreased ovarian reserve, or exclusion of cases
with the PCO syndrome. The definition of excessive response was not uniform.
It ranged from number of oocytes retrieved over 14 up to over 21 or the devel-
opment of OHSS.

Accuracy of AMH in excessive response prediction

Sensitivities and specificities for the prediction of excessive ovarian response,
as calculated from each study reporting on AMH, are summarized in Table 2a.
A plot of sensitivity-specificity combinations in an ROC space is shown in Figure 2.
For AMH, the sensitivity varied between 40% and 95% and the specificity
between 31% and 96%.
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Systematic medline search

170 hits

| Screening on title / abstract | —_—

=
FEER

2x2 table constructed from article: 4 | | Authors that provided 2x2 tables: 7

N K

Final selection

| Screening on full article |

11 studies

— ~

Studies reporting on Studies reporting on Studies reporting on
only AMH: 6 both AMH and only AFC: 2

Figure 1. Search and selection strategy

Using the bivariate model that accounts for the heterogeneity of the studies
the summary estimates for sensitivity and specificity were calculated. The sum-
mary estimates were 82% (95%Cl 52% to 95%) for sensitivity and 76 % (95%ClI
43% to 93%) for specificity.

Figure 2 shows the summary estimate for the overall test accuracy as calculated
from the bivariate model and its 95%Cl ellipse, as well as the summary ROC
curve.

Accuracy of AFC in excessive response prediction

Sensitivities and specificities for the prediction of an excessive ovarian response,
as calculated from each study reporting on AFC are summarized in Table 2b. A
plot of sensitivity-specificity combinations in an ROC space is shown in Figure
2. For the AFC, the sensitivity varied between 20% and 94% and specificity be-
tween 33% and 98%. Using the bivariate model that accounts for the heteroge-
neity of the studies the summary estimates for sensitivity and specificity were
calculated. The summary estimate of sensitivity was 82% (95%CI 30% to 98%)
and the summary estimate of specificity was 80 % (95%CI 31 % to 97 %).
Figure 2 shows the summary estimates as calculated by the bivariate model and
its 95%Cl ellipse, as well as the summary ROC curve for the AFC in the predic-
tion of an excessive response.
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Chapter 5

Clinical value

Based on the summary ROC curves depicted in Figure 2, a range of positive
likelihood ratios was calculated corresponding to various sensitivity-specificity
points on this ROC curves. For each of these likelihood ratio values, the pre AMH
or AFC test probabilities of an excessive response were converted into post-
test probabilities of an excessive response. Table 3 depicts a series of likelihood
ratios ranges and the probability of obtaining an abnormal test result for AMH
or AFC corresponding to this likelihood ratio range, as well as the post test prob-
ability of an excessive response. At a positive likelihood ratio of at least ~8, the
post test probability of having an excessive response is close to 70%, if the pre
test probability is assumed to be ~ 20%. The probability of obtaining a test result
for AMH or AFC with a likelihood ratio of at least ~8 is 14% and 16%, respectively.

Sensitivity

AMH Summary ROC curve AFC Summary ROC curve
i A AMH Observed SensSpec @ AFC Observed SensSpec
0.1 B AMH Summary Point estimate B AFC Summary Point estimate
~~~~~~~~~~~~~~~~~ AMH Point estimate 95% CI === AFC Point Estimate 95% CI

0.0 T T T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
1-Specificity (False Positive Rate)

Figure 2. AMH and AFC in the prediction of an excessive response
Regardless of the number of cut-off mentioned per study, only one cut-off was taken into analysis.
For the observed values of sensitivity-specificity points, all cut-offs are displayed.
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Table 3. Clinical value of AMH and AFC in the prediction of an excessive response

Prediction of an excessive response (Pre-test probability 20%)

Occurrence of abnormal test Post-test probability of
resultin LR range (%) excessive response (%)
LR range AMH AFC
<2 44 43 20-33
2-3 16 16 33-43
3-4 9 8 43-50
4-5 5 5 50-56
5-6 5 5 56-60
6-7 4 4 60-64
7-8 3 3 64-67
>8 14 16 > 67

Shown is the occurrence of both Anti-Mdllerian Hormone (AMH) and Antral Follicle Count (AFC)
results within a specified likelihood ratio (LR) range and the concomitant post-test probabilities

of an excessive response, given a prevalence of an excessive response of 20%. For example, at a
positive likelihood ratio of at least 8, the post test probability is 70% if the prior chance of having an
excessive response is 20%. With the cut off levels for the test corresponding to these LR+ levels the
proportion of abnormal tests is 14% for the AMH and 16% for the AFC.

Comparison of AMH with AFC

Comparison of summary point estimates for accuracy of the prediction of exces-
sive response showed no statistically significant difference in the performance
for AMH compared with the AFC, when sensitivity (p = 0.87) and specificity (p =
0.80) at the estimated summary cut-off point were considered. In the compari-
son of the estimated summary ROC-curves, AFC seemed to perform slightly bet-
ter than AMH, although the curves did not differ statistically. It should be noted
that, the summary curve for the AFC was based on fewer studies (Figure 2).
Clinical value as outlined in Table 3 indicated a similar performance for AMH
compared to the AFC. This is in line with the course of the ROC curves along the
y-axis suggesting that many cases of an excessive response can be identified
with only a limited number of false positives. For both AMH and AFC, sensitivity
can amount up to 70% with a false positive rate of 15%, and this performance
level will imply a realistic number of abnormal tests (~25%).
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Discussion

Main Findings

The current meta-analysis summarizes the available evidence concerning the
accuracy of AMH and the AFC in the prediction of excessive ovarian response to
stimulation for IVF. It appears that both tests have a good discriminatory capac-
ity to separate normal and excessive responders, with a definition that varies
across the studies from more than 14-21 oocytes yielded. From the ROC curves
(Figure 2) it becomes clear that, currently, AMH and AFC have an equal level of
accuracy in the prediction of an excessive response and that there is no statisti-
cal difference between both tests. Moreover, both AMH and AFC have clinical
value, with an abnormal test rate of 14% and 16%, respectively, at cut off levels
where test performance is optimal (LR+>8). At these cut-off levels the post test
probability of an excessive response appeared to be close to 70%.

The comparison between the AFC and AMH for their use as predictive tests for
ovarian response may imply other factors than accuracy alone. For AMH as a
laboratory test, measurement stability will be dealt with according to routine
procedures, but routine assays may not yet be easily available. To date, two com-
mercially available immuno-assays, the Beckmann Coulter and DSL ELISA, exist.
These assays have demonstrated a very good correlation, making it possible to
translate results from on to the other within the same dataset. However, there is
no obvious match in absolute levels between studies; with the Beckmann-Coul-
ter measurements reported as being approximately 4-5 times higher than the
DSL measurements (90;173). Therefore, standardization of these assays is ur-
gently needed. This situation also hampers the efforts to extract a generally ap-
plicable cut off level for deciding who will be a predicted excessive responder.
But, AMH is a cycle independent test (54-56;92) any measurement in the period
before starting the ART cycle will be at the disposition of the clinician, making
the test an ideal tool. For the AFC, standardization needs to be dealt with by the
physician (41), implying choices on ultrasound equipment, dedicated person-
nel and a systematic visualization and counting process. As the intra- and be-
tween cycle stability for the AFC may be comparable to that for AMH (174), the
unlimited availability of this test makes it the preferable one for the short term.
Currently, the identification of patients at risk for excessive response is based
on a variety of factors, such as age, body weight and the presence of polycys-
tic ovaries (91;168;175). However, the predictive value of these factors is quite
poor. Whether their addition to tests like the AFC and AMH will improve the pre-
dictive capacity in identifying excessive responders remains to be established.
In fact, patients with the polycystic ovary syndrome have clearly elevated AFC’s

94



AMH and AFC as predictors of excessive response in controlled ovarian hyperstimulation

and AMH levels (42;176). As most studies have not excluded PCOS cases, these
cases will add to the current analysis. In studies on PCOS cases only, AMH lev-
els do indeed predict ovarian response to controlled hyperstimulation (177).
A limited number of studies exist on the use of multifactor prediction of the
number of oocytes retrieved, using female age, basal FSH, ovarian ultrasound
and smoking behavior as predictors (131;178). Validation of these prediction
models in external populations has not been carried out so far. Individual pa-
tient data analyses of published literature may enable the assessment of the
true value of such multivariable approach, combining patient characteristics
and test results (113).

Implications for clinical practice

Excessive response to ovarian stimulation induces the risk of the ovarian hyper-
stimulation syndrome, especially in cases where exaggerated response is fol-
lowed by a pregnancy. It may also cause increased patient discomfort and even
reduced prospects for pregnancy. Up to 30% of IVF cycles are accompanied by
complaints of mild or moderate OHSS and in 3-8% the severe form of OHSS may
develop (159). Once an excessive response has occurred, hCG administration
could be withheld in an effort to eliminate this risk. Protective measures have
also been reported for conditions in which oocyte retrieval has been allowed.
Albumin administered at the time of oocyte retrieval, elective cryopreservation
of all embryos to prevent the occurrence of pregnancy in the fresh cycle, GnRH
agonist use for endogenous LH triggered ovulation in gonadotrophins / GnRH
antagonist cycles and of the use of a single-dose recombinant LH to trigger
ovulation have all been proposed (179-182). These measures may limit collater-
al damage linked to excessive response, but they certainly do not offer absolute
protection. The prevention of excessive ovarian response may be considered
the corner stone of preventive management for OHSS, as such responses add
heavily to the risk of developing the syndrome (183).

Reduction of pregnancy chances in excessive responders is most likely caused
by detrimental effects of concomitant supraphysiological hormone levels on
oocytes and embryo quality (184-186). Moreover, exaggerated and untimely
estrogen and progesterone concentrations will affect the orderly proliferation
and subsequent luteinisation of the endometrium and thereby its receptivity
(187-189). Moreover, an excessive ovarian response results in the yield of ad-
ditional immature oocytes that are likely to be of insufficient quality to resultin
conception (99;190).

Prior information on the expected ovarian response may allow the applica-
tion of individualized stimulation protocols that will mitigate the number of
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follicles growing. The ideal test for excessive response prediction would iden-
tify all women with an excessive response and exclude all those women with a
normal or poor response to standard dose stimulation. These women could be
given individualized, milder treatment regimens, ensuring a yield of oocytes
between 5and 12 oocytes (191). In reality, tests like the AFC and AMH will never
be absolutely accurate in their prediction. Assuming that a cut off can be used
at which 75% of excessive responders will be identified, a considerable num-
ber of excessive responders will be turned into normal responders by using for
instance a lower than standard dose of FSH. At the same time, the abnormal
test will be falsely positive in some 15% of cases, and a lower dose may turn
these cases into poor responders. Whether this “poor” response may alter the
prospects for pregnancy may be disputed, as mild stimulation protocols have
demonstrated that in normal profile cases a mild response does not affect out-
come (150;161;192;193).

Currently, only few studies have addressed the use of reduced dosages of FSH
based on prior prediction of the ovarian response level. In the study by Popo-
vic et al.,, individualized FSH dosing appeared not to reduce the proportion of
excessive responders, although the reduced dose group produced on average
2 oocytes less than the standard stimulated group (101). In one other study,
Olivennes et al., demonstrated that in predicted excessive responders the use
of FSH dosages lower than 150 IU produced mild ovarian responses without
compromising pregnancy rates. A randomized comparison of standard versus
individualized treatment based on the CONSORT prediction algorithm has re-
cently been finalized and results are awaited (150). Such studies should not only
focus on the achievement of a more homogenous ovarian response. Also, cost-
economic effects regarding prevention of severe OHSS and a reduction of FSH
consumption will aid in rationalizing ovarian stimulation protocols for IVF.

Limitations

Although the process of systematic literature review and meta-analysis is a
practical way to generate a more powerful estimate of true effect-size with less
random error than individual studies, it does come with some limitations. First
of all, the heterogeneity of studies must be addressed, as it may affect the justi-
fication for pooling the data into one analysis. In the case of the present meta-
analysis, heterogeneity was caused by both different study quality characteris-
tics and slight differences in study populations. Additionally, the definition of
excessive response was not uniform across studies (Table 1) and varied from
the use of a threshold for number of oocytes aspirated to the development of
OHSS. Another limitation was the allocation, by the authors, of different cut-off
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values for AMH and AFC. This is problematic as it interferes with the identifica-
tion of a single threshold for AMH of AFC that could be predictive of an exces-
sive response. The solution for this problem is the construction of a ROC curve,
by which the effect of different cut offs on the sensitivity/specificity combina-
tions will become clear and overall accuracy becomes apparent.

Many of these methodological problems may be overcome by using individual
patient data meta-analysis. From such data sets, population and patient charac-
teristics, test results, stimulation data and outcome variables can be uniformed
as much as possible before applying meta-analysis. Currently, initiatives in this
field have been employed (113).

Lastly, there are some limitations that apply specifically to the method used to
assess AMH levels and the AFC. The studies in this meta-analysis did not all use
the same AMH assay. There is a noteworthy difference between the Beckman-
Coulter ELISA and the Diagnostic System Laboratories (DSL) ELISA leading to
a wide dispersion of AMH concentrations (90). This compatibility problem can
only be overcome by the development of an internationally standardized AMH
assay (90). Similar problems arise with the use of AFC results, where either fol-
licle sizes of 2-5 or 2-10 mm are included into the counts. Although both meth-
ods of measurement may deliver the same level of accuracy for the test, it cer-
tainly will hamper the identification of a generally applicable cut off.

Future Research

The role of ovarian reserve tests in excessive response prediction combined
with simple patient characteristics could be further analyzed by using large
individual patient data sets. The EXPORT (individual meta-analysis of patient
data for Excessive Response Prediction with Ovarian Reserve Tests) initiative
may offer the opportunity to start such effort. Moreover, stimulation protocols
tailored on the basis of ovarian response prediction should be analyzed as to
their effects on pregnancy rates, costs for medication and patient satisfaction.
Only large randomized comparisons of standard treatment strategies versus in-
dividualized treatment approaches will provide the correct answers, and will
enforce previous undertakings in this area (101).

Summary
The current systematic review and meta-analysis demonstrates that both the
AFC and AMH are capable of identifying excessive responders to ovarian stimu-
lation for IVF. Test optimization for clinical application may be more promising
for AMH.
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Chapter 6

Abstract

Introduction

An excessive response to ovarian hyperstimulation is highly related to in-
creased patient discomfort and complications like OHSS. Ovarian Reserve Tests
(ORTs) are capable of prior identification of excessive responders. However, it
is unclear whether they add prognostic value to readily available patient char-
acteristic, like female age. The performance in different clinical subgroups has
also not been assessed properly. This study evaluates the added value of ORTs
to patient characteristics and studies the predictive capacity of ORTs in different
clinical relevant subgroups.

Methods

Studies published until December 2009 regarding basal FSH, AMH or AFC in
relation to ovarian response to hyperstimulation for IVF were searched. The
authors of these studies were asked to join this Individual Patient Data (IPD)
meta-analysis and were invited to share their data. Random intercept logistic
regression models were used to correct for heterogeneity between studies and
to quantitatively estimate the added value of the ORTs on basic patient charac-
teristics. ROC regression analyses were performed to study the effect of specific
patient characteristics on the discriminatory capacity of the ORTs.

Results

33 databases were included, regarding 6,852 women undergoing IVF. Age had
an area under the ROC curve (AUC) of 0.61 for excessive response prediction.
Both AFC and AMH clearly and significantly added prognostic value to age (P-
value for each <0.001). A model with age, AFC and AMH had an AUC of 0.85.
Similar accuracy was also reached by the combination of AMH and AFC, with-
out the addition of age (P=0.98). The subgroup analysis showed that age was
the only characteristic which significantly influenced the accuracy of AFC and
FSH (P=0.010). The accuracy of AMH was not influenced by age.

Conclusion

This IPD meta-analysis demonstrates that the ORTs AFC and AMH add value
to age alone in the prediction of an excessive response and that these tests
in conjunction have a similar accuracy. An obvious improvement or decline of
the performance of ORTs in one of the specific subgroups could not be found.
This implies that ORTs remain applicable for excessive response prediction in
unselected populations indicated for IVF.
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Introduction

In women undergoing in vitro fertilization (IVF) treatment, the development of
a large number of oocytes complicates up to thirty percent of IVF cycles (159).
Such an excessive response may lead to poorer quality embryos, decreased
chances of pregnancy or cycle cancellation (99;161;163;194). Additionally, the
patient is at risk of developing ovarian hyperstimulation syndrome (OHSS), a
potentially life threatening condition (160). In order to maximize safety and ef-
ficacy of assisted reproductive technology (ART) programs, there is a need to
identify patients at risk of an excessive response at the start of IVF/ICSI treat-
ment, with the possible application of measures to prevent an excessive re-
sponse.

Several patient characteristics such as a lean habitus, young age and the pres-
ence of polycystic ovary syndrome (PCOS) have been identified as conditions
that predispose patients to OHSS (195). Unfortunately, systematic studies on
the predictive accuracy of these characteristics are lacking. In contrast, ovar-
ian reserve tests (ORTs), such as Anti-Mullerian Hormone (AMH), Antral Follicle
Count (AFC) and Follicle Stimulation Hormone (FSH) have been assessed for
their value in the prediction of an excessive response (73;84;151;166-168). How-
ever, the added value of the ORTs on patient characteristics has not been evalu-
ated.

Moreover, no previous studies have been performed in which these tests are
evaluated in clinical subgroups. It is conceivable that age influences these tests
since ovarian reserve also decreases with age. The accuracy of the AFC mea-
surements could be complicated by a higher BMI. BMI could also influence the
accuracy by possibly reducing the biologic availability of recombinant FSH for
ovarian stimulation. Most studies, however, have a limited sample size and ei-
ther lack the power to evaluate patient characteristics as determinants of ac-
curacy in specific subgroups, or they fail to analyze the added value of the tests
on patient characteristics.

To overcome the problem of small studies with restricted power, the current
study used an individual patient database (IPD) meta-analysis approach. By ag-
gregating data on the level of the individual patient, reliable estimates of accu-
racy could be made while being able to explore and correct for heterogeneity.
In the present IPD meta-analysis we were able to study the added value of ORTs
on the predictive capacity of basic patient characteristics in excessive response
prediction. Furthermore, to assess whether the predictive capacity of ORTs is
influenced by patient characteristics, we assessed the discriminatory capacity
of ORTs in clinical subgroups defined by female age, BMI and duration of sub-
fertility.
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Methods

Data acquisition

The current database used is an expanded version of a database used for a pre-
vious IPD study, namely IPD-IMPORT, focusing on poor response and ongoing
pregnancy prediction (196;197). First, all collaborators of the IPD-IMPORT con-
sortium were asked for permission to use their data for the current IPD meta-
analysis focusing on excessive response prediction. Concurrently, the search
used for the IPD-IMPORT study was updated until the end of 2009. A system-
atic search in Medline was carried out using synonyms for In Vitro Fertilization
(IVF, controlled ovarian stimulation, in vitro fertilisation) and synonyms for the
various tests (FSH, Follicle Stimulating Hormone, AFC, Antral Follicle Count or
number, AMH, Anti-Mullerian Hormone, Mdllerian inhibiting substance) as key-
words.

All additional titles and abstracts were evaluated by two authors (MD and SB)
for eligibility. If necessary, the opinion of a third author was decisive (FB). Stud-
ies presenting data on ovarian response, at least one ovarian reserve test (ORT)
and at least one patient characteristic were eligible for the current review. The
authors of identified primary studies that met our eligibility criteria were ap-
proached and informed about this collaborative IPD meta-analysis project, and
invited to share their data. If they were inclined to participate, they were pro-
vided with an author’s agreement form to participate and a data request form,
informing them on the format of the requested data.

After data acquisition, all data were scrutinized on quality and consistency and
when possible converted into a single format. Any issues or inconsistencies
were checked with the original author. For a more detailed description of IPD
meta-analysis methodology the reader is referred to previous papers (113;115).
A comparison was made between the studies that could be included and could
not be included for analysis. If possible, sensitivity and specificity of the ORTs in
the prediction of an excessive response were calculated for all studies in these
two groups. A Spearman correlation was calculated for every ORT, to study the
association between sensitivity and specificity and to test whether the differ-
ences in sensitivity and specificity were the result of different threshold levels.
The Spearman correlations of each ORT and outcome were then compared be-
tween these groups, to see whether these groups were comparable.
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Statistical Analysis

An excessive response was defined as the retrieval of more than 15 oocytes.
Duration of subfertility was defined as the period from the cessation of oral
contraceptives or start of unprotected intercourse until the first IVF attempt.
When a particular variable was missing in an individual database, data were not
imputed. Baseline characteristics were analyzed for the total data and for each
of the individual studies. The AUCs of the ORTs in the prediction of an excessive
response in each individual study were calculated.

Added value of ORTs on patient characteristics

To study the added value of the ORTs on patient characteristics the following
analyses were performed. Random intercept logistic regression prediction
models were created with the ‘Lme4’ library in R (version 2.9.0. (http://www.r-
project.org/), using the Laplace approximation to the likelihood. These mod-
els were created to quantitatively estimate the added value that ORTs have on
patient characteristics in predicting an excessive response. By using a random
intercept, the heterogeneity in prevalence of excessive response could be cor-
rected for.

The three different sets of models that were used for the prediction of an exces-
sive response are described below. The first model included the patient charac-
teristics female age, BMI and duration of subfertility. In the second set of mod-
els, the predictive capacity of individual ovarian reserve tests (FSH, AFC and
AMH) in combination with significant patient characteristics was estimated. In
the third set of models, the added value of combinations of ovarian reserve
tests on patient characteristics was evaluated.

The next step was to construct receiver operating characteristic (ROC) curves.
Using the random intercept logistic regression models, probabilities of ex-
cessive response could be calculated. Based on these, we plotted stratified
ROC curves with the ROC regression model as proposed by Janes and Pepe
(116;117). This model assumes that studies share a common ROC for each ORT,
but allows the positivity threshold corresponding to each sensitivity-specificity
pair to vary between studies. With this model the improvement in predictive
accuracy of adding an ORT to other variables can be studied, while correcting
for the heterogeneity between studies. This way, we could compare the ROC
curves and Area Under the Curves (AUCs) of the models described above and
evaluate them for statistically significant differences.

Because not all studies in this meta-analysis would report data of all three ORT,
we constructed the prediction models using those databases from the total
dataset that included the three ovarian reserve tests (FSH, AFC and AMH) and
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age to allow for a direct comparison. The results of all analyses in the three-test
study group were checked in the total study group.

Accuracy of ORTs in different subgroups

To study the accuracy of the ORTs in the prediction of an excessive response in
different clinical subgroups, the following analyses were performed. The ROC
regression model proposed by Pepe and Janes was applied (116;117). In this
model the ROC curves of the ORTs are modeled as a function of the covari-
ates (age, BMI or duration of subfertility), since these patient characteristics can
impact the inherent discriminatory accuracy of the ovarian reserve tests. This
regression analysis resulted in an estimate that reflects the impact of the pa-
tient characteristics on the ROC curve and corresponding AUC of the ovarian
reserve tests. In this meta-analysis, we assumed the effect of the covariate to be
identical across studies, but, as in the previous analysis, the positivity threshold
corresponding to each sensitivity-specificity pair was allowed to vary between
studies, and therefore heterogeneity between studies is corrected for.

As a visual illustration of the results of the subgroup differences, we drew the
ROC curves in subgroups defined by female age, BMI and duration of subfertil-
ity categories. The corresponding AUCs were calculated in order to express the
overall discriminatory capacity (accuracy) of the ORT in women in the respec-
tive subgroups.

Data were analyzed using SPSS 17.0 (SPSS Inc., Chicago, Il, USA) and R version
2.9.0. (http://www.r-project.org/).

Results

Data acquisition

A total of 33 databases, that were used for the preparation of 60 manuscripts
were included for analysis in this IPD-study. Twenty-eight databases were
used from the IPD-IMPORT study (196;197). Ten additional studies were identi-
fied from the systematic MEDLINE search. These authors were approached for
permission to use their databases in the present study on excessive response
prediction. Of these authors only four sent their data (90;167;172;198) and one
of them submitted two separate databases (167). Thus, a total of 33 datasets
contributed to the overall study database, comprising a number of 6,852 study
cases (Figure 1).

Study characteristics in terms of sampling, data collection and study design are
shown in Table A-I Addendum. With the original data we were able to replicate
the primary findings of the original study in 14 databases. In 12 cases, the study
database received contained a number of patients that differed from the pub-
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Studies from search Medline

N =2551

Studies eligible for inclusion

N=125 Untraceable authors
N=22
Authors approached
N=103 No response after repeated effort by phone or e-mail
N=32

v

Positive response

Data lost

N=71
N=12
Included studies
N =60 (34 databases) » Only data regarding pregnancy N = 2066

Data regarding ovarian response N = 4786

Total patients N = 6852

Figure 1. Flowchart of included studies

lication, whereas in seven other databases there were slight inconsistencies in
the baseline data previously published. These inconsistencies were checked
and discussed with the corresponding author and could be resolved in a vast
majority of cases. Finally the level of consistency between the individual data
and the data reported in the published manuscript became sufficient for all
included studies.

Data from 4,786 out of the 6,582 women were suitable for the analysis of predic-
tion of excessive response. The remaining women were originally included in the
IMPORT study to asses the accuracy of the ORTs in the prediction of an ongoing
pregnancy (196;197). Unfortunately, no information about the ovarian response,
in terms of number of oocytes, was provided for these women (Figure 1). Of the
4,786 women, 894 (18.7%) had an excessive response. Baseline characteristics
of the total study group are summarized in Table 1. Baseline characteristics of
the original studies are summarized in Table A-ll Addendum. The AUCs of all in-
dividual studies in the prediction of an excessive response are shown in Table
A-ll Addendum.
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Table 1. Baseline characteristics

Total population Excessive Non-excessive P-value
Responders responder
Mean Mean Mean

(5th-95th percentile)  (5th-95th percentile) — (5th-95th percentile)
Female age (years) 34.1 (26.0-41.5) 32.3(25.0-39.3) 347 (27.0-42.1) < 0.001
FSH (IU/L) 7.7 (3.8-14.0) 6.2 (34-9.3) 7.9 (3.8-14.0) < 0.001
AFC (number) 12.1 (3.0-25.0) 17.7 (7.0-32.0) 11.0(3.0-22.0) <0.001
AMH (ng/ml) 25(0.1-7.5) 4.8(1.3-10.2) 2.0(0.1-5.7) < 0.001
BMI (kg/m?) 23.6 (18.6-30.1) 234(185-294) 234(18.6-30.1) 0.943
Duration of subfertility 4.1 (1.0-10.0) 43(1.5-10.0) 43(1.8-10.0) 0.937

(years)

Excessive Response definition: > 15 oocytes retrieved. Duration of subfertility: the period from the
cessation of contraceptive methods or start of unprotected intercourse until the first IVF attempt.
Excessive responders N = 894 (18.7%). Non excessive responders = 3,892.

AFC, Antral Follicle Count; AMH, Anti-Mdllerian Hormone; FSH, Follicle Stimulating Hormone.

For the comparison of the included and not included studies, we aimed to cal-
culate sensitivity and specificity of the ORTs in the prediction of an excessive re-
sponse. Of the not included studies only one reported sensitivity and specificity
values for AFC in the prediction of an excessive response. Therefore, Spearman
correlation could not be calculated. For the majority of the studies this was per-
formed in the IMPORT study (196;197) which showed that there was no differ-
ence. Since there is no difference in poor response prediction, it is reasonable to
assume that there is no difference for excessive response prediction.

Statistical analyses

Added value of ORTs on patient characteristics

For the model building exercises we could use data of 1,023 women for ex-
cessive response analysis. Of all patient characteristics, age was the strongest
single predictor of an excessive response (OR 0.89: 95%CI 0.85 to 0.93). BMI
and duration of subfertility were not significantly predictive of an excessive re-
sponse (Addendum Table A-1V).

We compared the ORTs using the random intercept logistic regression model
in predicting excessive response (Table 2). The ROC regression analysis showed
a high accuracy for AMH (AUC 0.81: 95%Cl 0.76 to 0.87) and for AFC (AUC 0.79:
95%Cl 0.74 to 0.84), but only a moderate accuracy for FSH (AUC 0.66: 95%CI 0.60
t0 0.73) (Table 3).
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Table 2. Univariable and multivariable models of age and ORTs in the prediction of an excessive

response

Excessive Response Prediction

Three-test study group Total study group
OR 95% Cl P-value OR 95% Cl P-value

Univariable models
Age (per year) 0.89 0.85-0.93 <0.001 0.90 0.88-091 < 0.001
FSH (per IU/L) 0.76 0.70-0.84 < 0.001 0.83 0.80-0.86 < 0.001
AFC (per N) 118 1.15-1.22 <0.001 1.14 1.12-1.16 < 0.001
AMH (per ng/ml) 1.61 148-1.76 < 0.001 1.59 149-1.70 < 0.001
Multivariable models
Age and FSH

Age (per year) 091 0.87-0.94 <0.001 091 0.89-0.93 < 0.001

FSH (per IU/L) 0.79 0.72-0.87 < 0.001 0.85 0.82 - 088 < 0.001
Age and AFC

Age (per year) 0.93 0.89-0.98 0.003 0.95 092-098 0.001

AFC (per N) 117 1.13-1.21 < 0.001 1.13 1.11-1.15 < 0.001
Age and AMH

Age (per year) 0.92 0.88-0.97 <0.001 0.92 0.89-0.95 <0.001

AMH (per ng/ml) 157 143-1.71 < 0.001 1.54 144 -1.64 < 0.001

Results of random intercept logistic regression model in the prediction of an excessive response.
Multivariable analyses showed that all three ORTs add predictive information to female age alone.
P-values reflect whether the variable plays a significant role in the model. NB three-test study
group N = 1,023, total study group N=4,786. OR (Odds Ratio), 95% Cl (95% Confidence Interval).

The multivariable analyses showed that a model including age, AFC and AMH
(AUC 0.85) had a significantly higher predictive accuracy than a model based on
age alone (AUC 0.61). Addition of FSH to this model did not further improve the
predictive accuracy (P =0.73) (Table 3). Interestingly, a single test of AMH or AFC
already yielded a comparable accuracy (0.81 and 0.79, respectively). Addition
of AMH to AFC or the other way around is significant (P = <0.001 or P = 0.003,
respectively). Consequently, a model combining these two tests resulted in an
AUC of 0.85, and age did not add to this model (P = 0.98). The ROC curves cor-
responding to the multivariable analyses are shown in Figure 2.

Accuracy of ORTs in different subgroups defined by age, BMI or duration of subfertility

The results of the ROC regression model which studied the effect of several pa-
tient characteristics on the ROC curve of the ORTs in the prediction of an exces-
sive response are shown in Table 4. The accuracy of AFC was significantly higher
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Table 3. AUCs of prediction models of age and ovarian reserve tests for the prediction of an exces-
sive response

Three-test study group Total study group
AUC  95%Cl  P-value N AUC  95%Cl  P-value N

Univariable analysis

Age 061 0.54-0.68 NA 1023 061 058-064 NA 4650
FSH 066 060-073 0071 1023 064 061-067 0026 4254
AFC 079 0.74-085 <0001 1023 073 069-0.77 <0001 2524
AMH 081 0.76-087 <0001 1023 082 077-086 <0.001 1890

Multivariable analysis

Age & FSH 068 062-075 <0001 1023 067 064-071 <0001 4254
Age & AFC 081 0.76-087 <0001 1023 075 071-079 <0.001 2524
Age & AMH 081 076-087 <0001 1023 081 077-085 <0.001 1890
Age & AMH & AFC 085 080-090 <0001 1023 085 080-090 <0.001 1024
Age & AMH & AFC &FSH 085 0.80-0.90 <0001 1023 085 080-090 <0.001 1023
AMH & AFC 085 080-090 <0001 1023 085 080-090 <0.001 1024

The Area Under the Curve (AUC) of the univariable and multivariable models of age or ORTs in the
prediction of an excessive response are shown. In the univariable analysis it is shown that both AMH
and AFC have a high accuracy, while FSH only has a moderate accuracy. In the multivariable models
the added value to the AUC of an ORT on female age is shown, the P-value indicates whether this
added value is significant in comparison to the model based on age alone. Adding any of the ORTs
shows a significant rise in the AUC. Moreover, the added value of adding several ORTs to female age
is shown. The model including age, AFC and AMH reached the maximum predictive power. Addition
of FSH to this model did not improve the predictive accuracy (P = 0.725). However, a model with
AMH and AFC alone has a comparable AUC.

with increasing age (P = 0.010), while the accuracy of FSH was significantly
lower with increasing age (P = 0.010). The discriminatory capacity of AMH in
response prediction was not influenced by age. BMI and duration of subfertility
had no significant effect on the ROC curves for any of the ORTs.

To illustrate the influence of patient characteristics on the predictive capacity,
we performed an ROC curve analysis in three sets of clinical subgroups, while
taking the heterogeneity between studies into account (116;117). The AUCs of
the three ORTs in the prediction of an excessive response in subgroups defined
by age, BMI and duration of subfertility are presented in Table 5.

108



Prediction of an excessive response from patient characteristics and ORTs

1.0 7
0.8 —
2
=
g Legend
o 06 — — Age
€N -~ Age+FSH
—— Age+AFC
—-- Age+ AVH
04 = Age + AFC + AVH
fffff Age + AFC + AMH + FSH
- - AMH+ AFC
0.2
00 T
T T T T T T
0.0 0.2 04 0.6 0.8 1.0
1-Specificity

Figure 2. ROC curves of age and ORTs in the prediction of an excessive response

The ROC curves of age and age combined with a single or more ORTs are depicted. The ROC curves
for’Age + AMH,'Age + AFC,'Age + AMH + AFC'and’Age + AMH + AFC + FSH'run toward the upper left
corner of the ROC space, indicating a good capacity to discriminate between normal and excessive re-
sponders at certain cut-off levels. NB ROC curves in the three-test study group (N = 1023). AFC, Antral
Follicle Count; AMH, Anti-Mdllerian Hormone; FSH, Follicle Stimulating Hormone; ORT, Ovarian Reserve
Test; ROC, receiver-operating characteristic.

Table 4. Results of the ROC regression analysis

Coefficient 95% Cl P-value
Age
FSH -0.029 -0.051 --0.006 0.010
AFC 0.032 0.006 - 0.056 0.010
AMH -0.021 -0.049 - 0.005 0.139
BMI
FSH 0.026 -0.024 - 0.070 0.267
AFC -0.009 -0.048 - 0.033 0.674
AMH 0.019 -0.024 - 0.056 0363
Duration
FSH 0.018 -0.044-0.078 0.569
AFC 0.047 -0.022-0.112 0177
AMH -0.041 -0.113-0.026 0.246

ROC regression analysis showing the effect of the patient characteristics on the ROC curve of the
ovarian reserve tests in the prediction of an excessive ovarian response. Bold: significant influence of
the patient characteristics on the discriminatory capacity of the ovarian reserve test in the prediction
of an excessive response. AFC = Antral Follicle Count; AMH = Anti-Mullerian Hormone; FSH = Follicle
Stimulating Hormone.
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Discussion

The results of the present IPD meta-analysis demonstrate that in the prediction
of an excessive response both AFC and AMH clearly add value to the use of fe-
male age alone. Based on the predictive accuracy measures, AMH and the AFC
in concert provide the vast majority of the predictive information, and female
age has no additional value. The results also indicate that the performance of
the ORTs may slightly depend on the specific patient profile, although the clini-
cal significance of this finding may be marginal.

It was also demonstrated that there is a high degree of variation in excessive re-
sponse incidences as well as in ovarian reserve test averages between different
studies. This implicates that individual study results can not be automatically
extrapolated to other IVF populations. Using the IPD approach, this meta-analysis
allows for correction of heterogeneity, thereby making the findings generally
applicable. The results of this IPD-study are in line with a conventional system-
atic review of ovarian reserve tests and excessive response (151). However, in
the present analysis the added value of ORTs to knowing female age and the
accuracy in subgroups has been studied for the first time. We could thereby
demonstrate that in the prediction of an excessive response, the role for female
age is negligible.

AMH and AFC are thought to represent the size of the cohort of FSH sensitive
follicles continuously present in the ovaries. Response to ovarian hyperstimula-
tion was shown to be directly linked to this cohort size (96). The size of this co-
hort decreases with increasing age. AMH levels also decline gradually with age
and become undetectable a few years before the occurrence of menopause.
Therefore it is not surprising that these ORTs are accurate single predictors of a
poor and excessive response.

Moreover, the results of this IPD meta-analysis suggest that age influences the
accuracy of AFC and FSH. Although ovarian reserve decreases with age and is
therefore influenced by age, the AFC is believed to reflect the true level of the
guantitative ovarian reserve directly, in contrast to basal FSH which constitutes
an indirect marker of follicle numbers. Indeed, in older women the prevalence
of excessive response may become too low for any test to gain sufficient accu-
racy, and this may be especially true for FSH. For the AFC, the change in accu-
racy may be significant only from the statistical point of view, without a true im-
plication of clinical practice, and without an obvious explanatory mechanism.
A challenge with the IPD approach is collecting sufficient data for the database.
For the current study databases of 60 of the eligible 125 manuscripts were ob-
tained. We were unable to reach a number of authors, primarily because of inac-
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curate contact information or because authors did not reply to e-mail addresses
provided. Furthermore, older data were often lost or kept in a format that could
no longer be read. Currently, studies are being conducted to investigate the
possibility of combining IPD data with aggregated data (158). In order to make
an appropriate comparison between studies that were included and the stud-
ies that were notincluded we aimed to calculate a Spearman correlation for the
included and non included studies. Unfortunately, of the non-included studies
only one reported sensitivity and specificity values for AFC in the prediction
of an excessive response. Therefore, Spearman correlation could not be calcu-
lated. For the majority of the studies this was performed in the IMPORT study
(196;197) which showed that there was no difference. Since there is no differ-
ence in the poor response prediction, it is reasonable to assume that there is no
difference for excessive response prediction. Therefore, we believe that with the
current number of participants and amount of data, we were able to analyze a
representative selection of available data.

Using original data of different studies comes with heterogeneity between
studies. The incorporation of ovarian reserve tests and restrictions based on test
results in everyday IVF practice has led to selection bias in some study popu-
lations. Heterogeneity found in the included studies pertained to differences
in IVF indications or access to IVF resources, different treatment protocols and
embryo laws and discordant definitions of ongoing pregnancy. There is also a
variation in hormone assays and AFC sizes measured, for which no international
consensus exist to correct for these differences. Consequently, no cut-off values
for these tests could be used or mentioned. We have used the model by Janes
and Pepe et al. (116;117) in which the heterogeneity between studies is cor-
rected for.

The clinical value of excessive response prediction will depend on the conse-
quences for clinical management. Several studies have looked at the effect of
individualized treatment protocols. By providing women with personally tai-
lor-made stimulation protocols, ie with a lower dosage of FSH, it is attempted
to keep the oocyte yield between 5-12 oocytes. At present, the evidence is
inconclusive upon the result of such personalized treatment regimens based
on a priori prediction of ovarian response (101;150). In the study of Popovic-
Todorovic the use of individualized protocol had effect for poor responders
but not for predicted excessive responders (101). In contract, Olivennes et al.,
do demonstrate that lower individualized dosage protocols allow for a similar
oocyte yield, implantation rate and pregnancy as for higher dosage protocols
(150). More evidence, in the form of large scale randomized control trials, need
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to be performed to demonstrate whether an individualized treatment protocol
is an effective strategy in the prevention of an excessive response.

In conclusion, this IPD meta-analysis shows that AFC and AMH add predictive
accuracy to age in the prediction of an excessive response. A model combining
these ORTs provides almost optimal prediction. Moreover, the performance in
several clinical subgroups seemed not to be sufficient altered to be recognized
as clinically relevant. The high predictive accuracy for both AMH and the AFC
or a combination of both urges the need for studies that examine the effect of
ORT based dose adaptations in which efficacy of treatment, costs and response
normalization is analyzed.
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Table A-ll.Baseline characteristics of the included studies.

Female age BMI (kg/m?) Duration of FSH (1U/l)
(years) subfertility (years)
Study Mean Mean Mean Mean
(5th=95th percentile) ~ (5th-95th percentile) — (5th-95th percentile) — (5th-95th percentile)

Aflatoonian 28.3(21.0-34.0) 25.0(20.5-30.0) 6.1 (2.0-12.0) 53(3.0-7.1)
Anderson 343 (26.6-42.2) 23.9(17.9-34.9) 1(2.0-10.3) 7.5(3.7-12.3)
Ashrafi 30.0 (22.6-39.5) NA 64 (1.0-17.4) 6.2 (1.6-15.1)
Bancsi 34,6 (27.0-40.7) NA 8(1.9-11.1) 84 (4.1-15.0)
Caroppo 38.0 (35.0-43.0) NA NA 114 (4.9-21.2)
Copperman 35.5(26.9-42.9) NA NA (34-13.6)
Ebner 32.7 (24.0-39.2) NA 4.1(1.0-11.7) 8.1(44-13.8)
Eldar-Geva 30.0 (22.3-37.0) 23.8(17.7-37.3) 4.2(15-10.3) 6.7 (3.7-11.1)
Erdem 35.2(27.6-444) NA 9.6 (1.3-20.8) (3.9-14.7)
Freour 30.2 (24.0-37.5) 229(17.7-31.9) 3.7(1.8-8.0) 6.1 (3.8-8.5)
Gnoth 36.4 (29.0-43.0) NA NA 9.3 (3.4-24.5)
Greenblatt 33.5(27.0-39.0) NA NA 6.6 (4.1-9.6)
Jayaprakasan 33.5(25.1-39.0) NA NA 7.2 (4.0-10.7)
Klinkert 41.1 (38.2-44.7) NA NA 9.6 (3.7-20.0)
Kwee 34.0 (27.6-40.0) NA 8(1.3-7.0) 8.1 (4.2-14.1)
La Marca 35.5(27.0-42.0) NA 9(1.0-63) NA
Mcllveen 37.3(29.3-42.8) NA 46 (w 0-13.9) 83 (4.7-12.0)
Merce 34.4(27.3-39.0) 20.6 (17.2-24.4) .7 (1.0-6.0) NA
Muttukrishna 2004 37.6 (28.4-45.0) NA NA 79((3.2-16.7)
Muttukrishna 2005 354 (28.0-43.0) NA NA 6.9 (3.8-12.4)
Nardo* 32.8(25.0-38.8) 24.3(19.1-30.1) 4.1(1.5-10.0) 2 (3.5-13.2)
Nardo 32.6(25.8-38.5) 24.4 (190 30.0) NA 8(4.5-12.7)
Nelson 33.9(26.0-40.0) 24.5(19.7-30.1) 3.5(3.0-4.0) 8.7 (3.9-16.5)
Ng 2000 343 (27.0-39.0) 22.2(183-284) 49 (2.0-10.0) 5(3.8-10.8)
Ng 2005 32.8(28.0-37.0) 20.7 (17.5-26.3) 4.9(2.0-100) 6.5 (4.0-9.0)
Popovic-Todorovic 2003a 32.3(26.0-38.9) 22.8(18.8-29.3) NA 7.0 (4.5-10.0)
Popovic-Todorovic 2003b 32.6(26.3-37.0) 23.3(18.6-31.3) NA 6.3 (3.8-9.0)
Smeenk 2000 345 (28.4-414) 23.8(18.5-30.6) NA 6.8(34-114)
Smeenk 2007 32.9(26.0-40.0) NA 3.7(1.0-80) NA
Tomés 33.3(26.0-39.0) 23.9(19.1-30.0) NA NA
van Rooij 36.3(28.4-43.9) 23.7(186-31.2) 2.9(1.0-6.9) 8.5(3.7-18.2)
van der Linden NA NA NA 8.5(4.1-14.8)
Vladimirov 343 (26.0-44.0) 216 (18.9-26.3) 6.5(3.0-18.0) 73(24-14.1)

*= Unpublished data. FSH = Follicle Stimulating Hormone, AFC = Antral Follicle Count, AMH = Anti-Mdillerian
Hormone. A = AFC2-10mm, B = AFC2-5mm, C = AFC2-8mm), D = DSL assay, E = Beckman Coulter assay. NA = not

available.
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Table A-Il. Continued

AFC (number) AMH (ng/ml) Prevalence Excessive Number of
Response patients
Mean Mean % N
(5th-95th percentile) (5th — 95th percentile)
15.7 (8.0-28.8)* 4.8(1.5-11.3)° 245 143
129 (4.8-26.6)" NA 52 58
NA NA 10 50
NA NA 12.5 505
NA NA 13 76
NA NA 328 701
NA 34 (06-7.9)F 141 135
22.6 (5.0-50.4)* 3.1(0.6-86)F 519 54
7.0 (2.8-16.0)¢ NA 18.8 32
NA 4.1 (1.0-10.9)F 174 69
NA 2.0(0.0-7.9)° 44 316
13.8 (5.0-28.5)¢ NA 236 297
16.3 (6.1-29.0)* NA 9 100
7.7 (20-17.0)® NA 14.5 221
10 (2.6-20.0)* 3.0 (0.3-8.5)° 264 110
NA 2.1(04-6.1)¢ 34 118
74(2.0-13.0)* 1.6 (0.5-3.7)¢ 155 84
9.2 (1.0-21.0)® NA 12.3 65
NA 0.9 (0.1-4.4)F 6.1 66
9.0 (2.6-16.5) 2.1(0.1-6.0)F 15.7 70
146 (7-27.1)% 3.0 (0.4-8.5)° 7.5 334
12.1 (3.0-26.0)° 3.1(03-7.3)° 219 233
NA 1.8 (0.1-5.0)° 16.5 340
11.9 (4.0-20.0) NA 1.5 131
9 (4.0-16.0) NA 268 127
0(5.0-27.0)% NA 15.6 262
2 (5.3-29.7)8 NA 186 145
15.9 (5.0-30.0)* 3.0(0.5-8.9)F 17.5 80
NA NA NA 1292
10.9 (2.0-23.0)® NA 7.2 166
84 (1.0-20.9)° 1.1 (0.0-3.9) 5 222
NA NA 132 159
8.9 (3.0-17.0)4 2.8 (0.5-84)F 10.3 39
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Table A-lll. AUCs of the included studies in the prediction of an excessive response

Study FSH AFC AMH

AUC N AUC N AUC N
Aflatoonian 0.60 (0.50-0.69) 143 0.96 (0.93-0.99) 143 0.94 (0.90-0.98) 143
Anderson 092 (0.99-1.00) 46 0.61(067-0.85) 46 NA
Ashrafi 0.59(0.31-0.87) 50 NA NA
Bancsi 0.61(0.54-0.68) 505 NA NA
Caroppo 0.81(0.72-090) 76 NA NA
Copperman 0.65(0.60-0.69) 570 NA NA
Ebner 0.61(046-0.75) 127 NA 0.82(0.74-090) 135
Eldar-Geva 0.71(0.57-0.85) 52 0.88(0.75-1.00) 36 0.75(062-088) 54
Erdem 0.77 (057-097) 24 0.85(0.70-1.00) 24 NA
Freour 0.58(041-0.73) 62 NA 0.70 (0.55-0.86) 64
Gnoth 064 (051-0.78) 122 NA 0.87(0.79-095) 134
Greenblatt 0.67(0.59-0.74) 261 069 (061-0.77) 223 NA
Jayaprakasan 0.74(0.57-091) 100 0.82 (0.70-0.95) 100 NA
Klinkert 042 (0.30-0.55) 212 045(0.33-057) 221 NA
Kwee 0.79(0.70-0.88) 109 0.87(0.82-096) 109 0.84(0.76-092) 105
La Marca NA NA 0.90 (0.76-1.00) 118
Mcllveen No >15 71 No >15 71 No >15
Merce NA 062 (042-0.83) 65 NA
Muttukrishna 2004 0.81(0.59-1.00) 66 NA 0.92(0.83-1.00) 66
Muttukrishna 2005 0.67(052-082) 68 0.84(0.73-094) 68 0.73(0.56-091) 68
Nardo* 0.65(0.53-0.77) 135 0.71(0.59-0.83) 123 0.74(064-0.83) 135
Nardo 0.68(0.59-0.77) 145 0.71(0.63-0.80) 145 0.79(0.72-0.87) 145
Nelson 0.64(0.58-0.71) 338 NA 0.88(0.82-091) 319
Ng 2000 0.70(0.56-0.83) 131 0.80(0.70-0.90) 131 NA
Ng 2005 0.72(0.56-0.83) 109 0.77 (0.68-0.85) 127 NA
Popovic-Todorovic 2003a  0.62 (0.54-0.71) 256 0.71(0.63-0.80) 256 NA
Popovic-Todorovic 2003b  0.62 (0.50-0.73) 143 0.76 (067-0.86) 143 NA
Smeenk 2000 0.54 (0.40-0.68) 80 0.66 (0.5300.79) 80 0.71(0.57-0.84) 80
Smeenk 2007 NA NA NA
Tomas NA 0.82(0.72-091) 160 NA
Van Rooij 0.68(0.58-0.79) 215 0.86 (0.79-093) 215 0.87(0.77-097) 215
Van der Linden 0.82(0.72-092) 124 NA NA
Vladimirov 2 0.67(0.48-087) 39 0.74(0.52-097) 39 0.80(0.67-093) 39

Definition excessive response: > 15 oocytes retrieved. AUC = Area Under the Curve. FSH = Follicle Stimu-
lating Hormone, AFC = Antral Follicle Count, AMH = Anti-Mullerian Hormone. *= Unpublished data.
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Table A-IV. Univariable and multivariable models of patient characteristics in the prediction of an
excessive response

Three tests study group Total study group
OR 95% Cl P-value OR 95% Cl P-value
Univariable models
Age (per year) 0.89 085-093 <0.001 0.90 0.88-091  <0.001
BMI (per kg/m?) 0.98 093-1.03 0405 1.00 097-1.03 0.954
Duration (per year) 0.98 0.90-1.06 0.555 0.97 0.92-1.01 0.156
Multivariable models
Age and BMI
Age (per year) 091 0.87-095 <0.001 09 087-093  <0.001
BMI (per kg/m?) 0.99 0.93-1.04 0616 1.00 0.97-1.04 0.976
Age and duration
Age (per year) 0.90 085-094 <0.001 0.89 086-091  <0.001
Duration (per kg/m?) 1.01 0.93-1.10 0.750 1.00 0.95-1.05 0.956

OR = Odds Ratio, 95%C| = 95% Confidence Interval. Duration = duration of subfertility.
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Abstract

Context

It has been hypothesized that a fixed interval exists between age at natural ste-
rility and age at menopause. Both events show considerable individual variabil-
ity, with a range of 20 years. Correct prediction of age at menopause could open
avenues for individualized prevention of age related infertility and other meno-
pause related conditions, like cardiovascular disease and breast carcinoma.

Objective
To explore the ability of ovarian reserve tests (ORTs) to predict age at meno-
pause.

Design and Setting
Long term follow-up study in an academic hospital.

Participants
257 normo-ovulatory women (age 21-46 years), derived from 3 cohorts with
highly comparable selection criteria.

Interventions

Anti-Mullerian Hormone (AMH), Antral Follicle Count (AFC) and Follicle Stimu-
lating Hormone (FSH) were assessed at T1. At T2 ~11 years later, cycle status
(strictly regular, menopausal transition or postmenopause) and age at meno-
pause were inventoried.

Main Outcome Measures

Accuracy of the ORTs in predicting time to menopause was assessed by Cox-
regression and a nomogram was constructed for the relationship between age-
specific AMH concentrations at T1 and age at menopause.

Results

A total of 48 (19%) women had reached postmenopause at T2. Age, AMH and
AFC at T1 were significantly related with time to menopause (P<0.001) and
showed a good percentage of correct predictions (C-statistic 0.87, 0.86 and
0.84, respectively). After adjusting for age, only AMH added to this prediction
(C-statistic 0.90). From the constructed nomogram it appeared that the normal
distribution of age at menopause will shift considerably, depending on the in-
dividual age-specific AMH level.

Conclusions
AMH is highly predictive for timing of menopause. Using age and AMH, the age
range in which menopause will occur, can be individually calculated.
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Introduction

Menopause, defined as the final menstrual period, marks the end of the female
reproductive life span. This event occurs at a median age of about 51 years, but
age at menopause varies between 40 and 60 years (7). The definitive loss of
natural fertility is experienced at a median age of 41 years, with a distribution
and age variation range highly similar to that for age at menopause (20;60;199).
These reproductive events are dictated by the decline in number of follicles in
the ovaries (the ovarian reserve) with increasing age. When follicle numbers fall
below a critical threshold of a few thousand, the menstrual cycle pattern be-
comes irregular (8). At menopause, fewer than 1,000 follicles are left (9-11). For
human fertility, optimal conditions are present until on average of 31 years of
age, followed by gradually decline until natural sterility (200;201). It has been
postulated that these events follow a time sequence with a more or less fixed
interval, with the end of natural fertility occurring some 10 years before meno-
pause (7).

As the rate of decline of the ovarian reserve varies considerably between indi-
vidual women, the development of tests that correctly forecast an individual’s
reproductive lifespan would represent a major step forward (7;20). It has been
shown that the number of antral follicles in the ovaries is proportionally related
to the size of the primordial follicle pool from which they were recruited (39). A
marker correctly reflecting the number of antral follicles is therefore potentially
suitable for the prediction of ovarian senescence. Current candidate markers for
such purpose are Anti-Mdllerian Hormone (AMH) levels (42), the Antral Follicle
Count (AFC) as measured by transvaginal ultrasound (41), and early follicular
Follicle Stimulating Hormone (FSH) concentration (40).

In case correct individual prediction of menopause would be feasible, several
options emerge for the preventive management of age related female infer-
tility, and other female health conditions influenced by timing of menopause
(31). Predicted early menopause could emphasize the need for timely preven-
tion of bone demineralization, and cardiovascular and neurological disease (32-
34), while the prediction of late menopause would open options for preventive
management of breast and intestinal cancer (35).

In the current long term follow up study we therefore aim to explore the ability
of endocrine and ultrasound markers to predict the timing of the occurrence
of menopause and age at menopause in a group of normo-ovulatory female
volunteers.
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Methods

Participants

This study group is comprised of 3 cohorts of participants. The first cohort of
women was derived from an ongoing prospective longitudinal study on ovar-
ian function (202). 172 healthy female volunteers were recruited in 1996 and
1997. Women could be included if they were between 25 and 46 years of age
and had a regular menstrual cycle with a mean length of 21-35 days and the
next menstrual period predictable within a 7 day frame. All women had proven
natural fertility, which was defined as having established at least one pregnancy
within 1 year after discontinuing contraceptives, resulting in a normal delivery
at term. If a woman used hormonal contraceptives, this had to be discontinued
at least 3 months before the start of the study. Exclusion criteria were ovarian
surgery or ovarian abnormalities.

The second cohort consisted of 90 healthy volunteers that were recruited be-
tween 1999 and 2001 for a prospective longitudinal study on pregnancy pre-
diction in the normal population. Inclusion criteria were age between 18-46
years, 2 ovaries, no adnexal surgery in the past and a regular menstrual cycle
with a mean length between 21 and 35 days. Couples attempting both first and
second pregnancy could participate as long as no previous history of infertil-
ity was present. Hormonal contraceptives were discontinued at least 3 months
before the measurement of the ovarian reserve tests.

The third cohort of 40 normo-ovulatory women were recruited between 1983-
1992 as normal controls for studies in relation to ovarian dysfunction in poly-
cystic ovary syndrome (203-205), and subsequently were asked to participate
in a prospective longitudinal study on ovarian function in the year 2000 (71).
Inclusion criteria were age 20-35 years, regular menstrual cycle (mean cycle
length 26-31 days), body mass index of 19-26 kg/m2, absence of endocrine
disorders or any other relevant disease, no hormonal treatment for at least 3
months before the study and no prior treatment for infertility.

All three studies had been approved by the institutional review boards of the
University Medical Center Utrecht or the Erasmus Medical Center Rotterdam.
Written informed consent was obtained from each participant.

Study design

Volunteers visited the clinic for the first time (T1) during the early follicular
phase of the menstrual cycle (on cycle day 2, 3 or 4) for assessment of the num-
ber of antral follicles (2-10mm) by transvaginal ultrasonography and to provide
blood samples. The ultrasound scans were performed by a limited group of
physicians, well trained in transvaginal sonography. The ovary was examined
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by scanning from the outer to the inner margin. Round or oval echo-free struc-
tures in the ovaries were regarded as follicles and were counted and measured
as such. The numbers of follicles in both ovaries were added to compute the
antral follicle count. Serum and plasma samples were separated and stored at
-20°C until assay of AMH and FSH.

In the period 2008-2010 (T2) all women were contacted again and asked to
fill out a standardized questionnaire. Participants were questioned on whether
they were still menstruating, on the mean cycle length and the variability of the
cycle length. In addition, data on use of hormones, medication, surgical treat-
ment on uterus or ovaries and reproductive history were collected. All complet-
ed questionnaires were judged independently by two medical doctors before
recording in an electronic database. Both medical doctors were blinded for the
results of the ovarian reserve tests. All participants were then placed in one of
five subgroups, according to their cycle status or use of sex steroid hormones:
regular cycle, menopausal transition, menopause, use of exogenous estrogens
or surgical removal of uterus and/or ovaries.

Definitions

Menopause was defined as no menstrual period in the last 12 consecutive
months. No uniform definition for the transition to menopause (cycle irregular-
ity) is available, but some definitions based upon increasing variability in cycle
patterns have been proposed (206). We defined menopausal transition accord-
ing to these STRAW criteria, as follows: (A) mean cycle length less then 21 or
more than 35 days during the previous half year or longer, or (B) mean cycle
length between 21 or 35 days, but the next menstrual period not predictable
within a 7 days time frame. A regular cycle was defined as a mean cycle length
of 21-35 days and the next menstrual period predictable within a 7 days time
frame. Women who were using hormone therapy for medical reasons or as con-
traceptives or hormonal replacement therapy were excluded. Also, women who
underwent surgery leading to removal of the uterus and/or one or both ovaries
were excluded from the analysis.

Hormone Assays

Blood sampling was performed on the same day as the transvaginal sonog-
raphy at T1 (1991/2001). Hormone concentrations were measured in plasma
(FSH) and serum (AMH). Specimens were stored at -20°C until processing. Con-
centrations of FSH were measured with the use of the MEIA technology on a
fully automated AxSYM immunoanalyser (Abbott Laboratories) according to
the manufacturer’s instructions. The World Health Organization Second Inter-
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national Reference Preparation for human FSH (78/549) was used as a standard
in the FSH assay. For FSH, interassay coefficients of variation were found to be
5.7%, 5.7%, and 7.8% at the levels of 5, 26 and 79 IU/L, respectively (n = 80). The
detection limit for the FSH assay was 0.03IU/I.

In the first cohort the AMH levels were measured using an enzyme-immuno-
metric assay (Diagnostic Systems Laboratories, Inc., Webster, TX.). Inter-assay
and intra-assay coefficients of variation were less than 5% at the level of 3.0 ng/
ml and less than 11% at the level of 13.0 ng/ml. The detection limit of the assay
was 0.026 ng/ml. Repeated freezing and thawing of the samples or storage at
37Cfor 1 h did not affect the results of the assay (73). In the second and third co-
hort, AMH levels were measured with an ultrasensitive immunoenzymometric
assay (Immunotech-Coulter, Marseille, France)(207). The limit of detection (de-
fined as blank + 3SD of blank) was 0.05 ng/ml. Intra and interassay coefficients
of variation were less than 5% and less than 8%, respectively.

For the comparison and pooling of the AMH levels a correction coefficient was
applied. The AMH levels measured with the Beckman Coulter had to be cor-
rected with a factor of 0.5 to be translated into the AMH levels measured using
the DSL assay as we described in an earlier study (36).

Statistical analysis

Based on the average age at follow-up and the expected number to be exclud-
ed because of use of hormones or surgical removal of uterus and/or ovaries, a
number of 50 women in menopause was anticipated. This number would be
sufficient to allow for reliable analysis of five predictive variables for the asso-
ciation with age at menopause, according to the ten events per variable rule of
thumb (208).

First, baseline characteristics of the women in the 3 cohorts were compared us-
ing the Kruskal-Wallis test or the Chi square tests. Moreover, the baseline char-
acteristics and ovarian reserve tests were compared for women divided into
subgroups according to their cycle status at T2.

Then, univariate and multivariate Cox regressions for time to menopause, with
follow up time from T1 to menopause or T2 as time axis and the occurrence of
menopause as event were performed to assess the predictive capacity of age
and ovarian reserve tests. For the multivariate analysis, a forward selection with
a P value of less then 0.05 for entry was applied. The effects of the variables
were expressed as hazard ratios per 1 standard deviation change in order to
allow for a better comparability between the effect sizes of the different tested
variables. The C-statistic was calculated to inform on the ability to correctly pre-
dict the time to menopause.
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For ORTs that significantly added to female age in the prediction of timing of
menopause, a prediction model was built. We used a Weibull survival model
having age of the women on the time axis, with delayed entry at the age at T1,
and percentiles of the ORT as a single covariate. Participants were divided into
percentiles for their age specific ORT level by fitting a flexible spline function to
the scatter plot of the ORT with age at T1, and assuming a normal distribution
of residuals around this fitted curve. Therefore, prior to this analysis, ORT values
were log (AMH) or square root (AFC) transformed. For each percentile the curve
of the predicted distribution of age at menopause was plotted. Per age cat-
egory, ORT levels corresponding with the different percentiles will be shown as
well as the corresponding median, p5, p25, p75 and p95 of the predicted age at
menopause distribution. Data were analyzed with SPSS 15.0 (SPSS Inc., Chicago,
I) and R version 2.9.0. (http://www.r-project.org/).

Results

The 3 cohorts together comprised 302 women. The questionnaire could not be
sent to 21 women because they had passed away during the follow up period,
moved abroad or correct contact address information could not be obtained.
The questionnaire was thus sent to 281 women. Of these women, 24 were ei-
ther not willing to participate or did not respond to the questionnaire, in spite of
repeated mailing and efforts to make telephone contact. In total, 257 women
could be included with a follow up rate of 91.5%. The baseline characteristics of
these women are shown in Table 1. It becomes clear that the women in the three
cohorts differ in age distribution, while other possible confounders for age at
menopause, such as smoking where not different. Strong confounders such as
ovarian abnormalities or surgery have been controlled for by the selection criteria.

Table 1. Baseline Characteristics

Total Cohort 1 Cohort 2 Cohort 3 P-value
(n=257) (n=153) (n=71) (n=33)
Age at T1 (years) 355+59 380+54 328+45 30.1£4.0 <0.001
Age menarche (years) 127 +20 128+22 127 +14 12.1+25 0211
BMI (kg/m?) 240+40 24.1+4.1 243 +40 223+28 0.052
Smoking (number (%)) 43 (16.7 %) 29 (19.0%) 7 (9.9 %) 7 (21.2%) 0.180

Means and Standard Deviation or numbers (percentages) are shown. P-values calculated between
the different cohorts, using Kruskal-Wallis or Chi square test.

Note: All three cohorts consist of healthy volunteers, with a regular cycle, age 18-46 years, no his-
tory of ovarian abnormalities or surgery and no hormonal treatment for at least 3 months before
entrance into the study. Therefore the most important confounders affecting age at menopause,
such as ovarian surgery, have been controlled for. The comparability between the cohorts is further
reflected in this table. Only age differs significantly between the cohorts, which is corrected for in
the Cox regression by delayed entry for age.

129

/




Chapter 7

From the questionnaires it appeared that 57 women (22%) were using hor-
monal therapy and that 15 women (6%) had undergone surgical removal of the
uterus or at least one ovary. These 72 women were excluded from the analysis.
The remaining 185 women were subdivided in groups of women who still had
a strictly regular cycle (n=95 (37%)), women in the menopausal transition (n=42
(16%)) and women in the postmenopause (n=48 (19%)). The proportion of post-
menopausal women at T2 was 19%, with a mean age at T2 for the study popula-
tion of 46.5 years. This is in line with estimates from existing studies on age at
menopause distributions, where the proportion of women that had reached
menopause at the age of 46 years was 16% (19). The mean interval between
T1 and T2 was 11.2 years and did not differ significantly across the different
subgroups (p = 0.051). The women that were excluded from the analysis were
comparable to the women that were included in the analysis, except that the
women using hormones were somewhat younger. 12 participants with missing
data were discarded from the analysis. Missing data occurred in AFC, AMH, and
FSHin 8, 8, and 5 participants, respectively.

Patient characteristics and ORTs at T1 were compared between the subgroups
based on the cycle status at T2. A significant difference in age upon initial
screening was found between the women with a regular cycle, in menopausal
transition or in postmenopause at T2 (p < 0.001). AMH levels and the AFCs were
significantly lower with increasing loss of cyclicity, while basal FSH concentra-
tions were higher (p value for all ORTs < 0.001). There were no differences in
body mass index and percentage of smokers.

The results of the Cox regression of the predictive power of age and the ovarian
reserve tests for time until the occurrence of menopause are depicted in Table 2.
In the univariate analysis it is clear that age, AMH, AFC and basal FSH are all
significantly correlated with the time to menopause. Moreover, age, AMH and
AFC demonstrated an adequate predictive capacity (C-statistic for proportion
of correct predictions of 0.87, 0.86, 0.84, respectively). FSH only showed a mod-
erate predictive capacity (C-statistic of 0.70). From the two most significantly
predicting test (AMH and AFC) AMH revealed the strongest hazard ratio per
unit of standard deviation, indicating the strength of this predictor.

The analysis of independent effects of the ORTs next to age atT1 in the predic-
tion of time until menopause, revealed that only AMH significantly added pre-
dictive information (p < 0.001), with an improvement of the c-statistic to 0.90.
FSH also showed a significant association, however, the c-statistic did not im-
prove in comparison to the prediction based on age alone, demonstrating the
lack of added value for this test. As smoking could be a potential confounder,
these analyses were also performed taking smoking into account. Smoking was
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Table 2. Predictive capacity for ovarian reserve tests for time to menopause.

Hazard Ratio 95% Cl P-value C-statistic

Univariate analysis

Age (per 5.85 years) 7.989 4649 -13.730 <0.001 0.87
AMH (per 0.89 ng/ml) 0.033 0.010- 0.110 <0.001 0.86
AFC (per 6.94) 0.126 0.068 - 0.230 <0.001 0.84
FSH (per 4.47 1U/L) 1.725 1464 - 2.030 <0.001 0.70
Multivariate analysis (ajdusted for age)

AMH (per 0.89 ng/ml) 0.092 0.025- 0.340 <0.001* 0.90
AFC (per 6.94) 0.559 0.260 - 1.200 0.135 0.88
FSH (per 4.47 1U/L) 1.350 1.112- 1.640 0.002 0.88

The hazard ratio, as estimated with the Cox Regression, is the effect of the variable on the risk of
menopause occurring at a certain time point in the observation period (mean 11 years). The C
statistic is the proportion correctly predicted events. The * indicates significant difference in com-
parison to age alone. Effects are depicted per unit of Standard Deviation of age and ovarian reserve
test.

not significantly associated with time to menopause (p = 0.075) in a model with
AMH and age, and did not change the predictive capacity of AMH.

As only AMH showed a significant added value to age, a nomogram of age and
AMH for the prediction of age at menopause was constructed using a Weibull
model. There was a good agreement between the Weibull model and the non-
parametric Kaplan-Meier curve for age at menopause. Women were divided
into percentiles of AMH level for their age category. Women with a relative low
AMH level for their age are in the lower percentiles, women with a relative high
AMH level for their age are in the higher percentiles. The distribution of age
at menopause was then plotted for each percentile (Figure 1). Figure 1 shows
that an age specific AMH level will shift the normal expected distribution of age
at menopause to a considerable extent. This becomes more obvious when the
data are presented in a forecast table where combined information from age
and AMH was linked to predicted age at menopause (Table 3). Per age category,
AMH levels associated with a certain AMH percentile. For each percentile the pre-
dicted p5, p25, P50 (median), p75 and p95 of age at menopause are presented.

For example, a 30 year old woman with an AMH concentration close to 0.15
ng/ml is associated with 5% percentile, therefore her predicted median age at
menopause will be 48.8 years (p5 to p95 is 42.1-53.0 years). On the other hand, a
30 year old woman with an AMH concentration close to 4.38 ng/ml is associated
with the 95% percentile, therefore her predicted median age at menopause will
be 55.3 years (p5 to p95 is 47.7-60.1 years) (Table 3).
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Figure 1. Nomogram for the relation between age specific AMH concentrations and the distribution
of Age at Menopause.

In the upper panel the AMH levels measured at entry of the study for women at the given age are
shown, measured ~11 years prior to cycle status assessment. The lines represent the upper margins of
the different percentiles of AMH. Women thus can be placed in a percentile category based on their
AMH concentration at a given age. The lower panel depicts the variation of age at menopause for
different percentiles of AMH. Women with a low AMH level for their age will enter a low percentile, for
example the P5 which is represented in the small dotted line. For women in a low percentile the pre-
dicted distribution of age at menopause shifts towards a younger age. Women with a high AMH level
for their age will enter a high percentile, for example the P95 which is represented in the big dotted
line. For women in a high percentile, the predicted distribution of age at menopause shifts towards
an older age. Note that the median age at menopause in this population is 52 years; this is due to the
selection based on cycle regularity at the entry of the study for women up to 46 years old, which will
shift the overall age at menopause to a later time.
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Discussion

This prospective study is the first to report on long-term follow-up of ovarian
reserve status in normo-ovulatory women. It demonstrates that AMH is capable
of predicting future age at menopause for a given woman. This finding opens
new avenues for the primary prevention of infertility and menopause related
conditions.

The rationale for the predictive value of AMH for menopause timing is based on
the age related decline in follicle number. Serum AMH levels have been shown
to strongly correlate with the number of antral follicles (72;73), and are well
capable of predicting ovarian response to hyperstimulation for IVF (114). From
earlier follow-up studies it has become evident that serum AMH represents
the best endocrine marker to assess the age-related decline of follicle number
(137).This has been based on the solid cross sectional relation with age and the
consistent decline with time both for group data as well as within individuals.
The present findings build upon earlier studies on the relationships between
ovarian reserve markers and menopause. In a cross-sectional study (36) the re-
lation between age specific AMH levels and menopause could be demonstrat-
ed from a comparison of the distribution of menopausal age based on true ob-
servations, with that of the distribution predicted from an AMH decline model.
In a short term follow up design in normal women, the possible role of AMH as a
predictor for the occurrence of the menopausal transition, independent of age
was demonstrated for the first time (37). Subsequently the usefulness of AMH
levels as predictors of menopause in women followed in their late reproductive
period (38). Moreover, a linear decline of AMH to undetectable levels over a 9
year period in perimenopausal women to some 4-5 years before the occurrence
of menopause has been demonstrated (138). These very low AMH levels could
reflect the exhaustion of the ovarian follicle pool, resulting in the loss of steady
cyclic ovarian function in the menopausal transition in individual women. In
the present study, the wide range of ages at initiation of the observation period
emphasizes the possibility of long term prediction at those stages of life, where
relevant decisions on preventive management are still feasible.

The results of the present study show the unique abilities of AMH compared to
other known tests for ovarian reserve. As for the AFC, a cross sectional study has
suggested a possible relation with the timing of menopause (14). In the pres-
ent study, as well as in the earlier report by van Rooij et al., however, both the
AFC as well as basal FSH have failed to show a significant predictive capacity in
predicting age at menopause compared to the prediction on basis of age alone
(37). Age at menopause is linked to loss of natural fertility, occurring at a mean
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age of 41 years, with a distribution curve very similar to the one for menopausal
age (7;14;20). If individualized predictions of the menopausal age range could
be given early in life, a tool for individualized preventive management of age
related infertility could be developed. Such advanced knowledge could lead to
important strategy decisions, such as individual planning to attempt concep-
tion earlier or preservation of fertility by banking oocytes (209).

Age at menopause is also related to women’s health in general. It has been
shown that bone loss accelerates following menopause. The earlier menopause
occurs, the lower bone density will be later in life (31;32). Furthermore, data
have also consistently shown an increased risk for cardiovascular disease for
women experiencing premature menopause (33). Also, an increased risk for
cognitive impairment or dementia was shown for women experiencing prema-
ture menopause (34). At the other end of the spectrum, late age at menopause
increases the risks for development of breast and endometrial cancer (35). From
this knowledge, preventive management regarding cardiovascular, reproduc-
tive and neurological health could be targeted, based on menopause predic-
tion at an early stage of life.

In the current study, women between the age of 21 and 46 with still regular
cycles at T1 were included. This is likely to explain both the somewhat higher
predicted median age at menopause of 52 years in this cohort, as well as the
strong predictive effect of age at T1 in the prediction of menopause. If women
with any cycle status would have been included in the cohort, the relation be-
tween age at T1 and time to menopause would have been weaker. For AMH,
the relationship with menopause timing would have become reinforced by also
selecting women with both lower AMH and earlier menopausal ages.

A possible limitation of this study is that it is composed of 3 separate, though
quite similar, cohorts. Each of the cohorts had been set up for studies on the sta-
tus and decline of normal fertility in the human. Moreover, the protocols for the
selection of these volunteers were highly comparable. All three cohorts reflect
healthy volunteers, with a regular cycle, age between 18-46 years, no history of
ovarian surgery, no previous or current ovarian abnormalities and no hormonal
treatment for at least 3 months before entrance into the study. The difference
in age distribution between the cohorts, will not affect the comparability of
the cohorts. Moreover, this distribution difference is taken into account in the
analysis by delayed entry for age in the Cox regression. Furthermore, subgroups
analyses have been performed, showing no differences in the predictive per-
formance of the ORTs within the three subgroups (AMH p = 0.58, AFC p = 0.65,
FSH p = 0.95, test for interaction). As such, we feel that it is justified to combine

135




Chapter 7

these 3 cohorts into a single study population. Another limitation for both re-
search and clinical practice is the usage of two different AMH assays. However,
subgroup analysis comparing the performance of AMH measured with the dif-
ferent assays revealed no significant difference (p = 0.28, test for interaction). In
previous studies the results of Beckman Coulter and DSL assays showed a good
correlation, although the translation of results from one assay to the other is
not based on large bodies of published data (90;173). In our own laboratory
setting a consistent correction factor of 2 has been used also in previous studies
(36;210). Interpretation of the data in the forecast Table 3 may only be translat-
ed freely into clinical practice, after thorough assay standardization, but rather
more offers insight into the possible future use of this marker.

In summary, AMH is highly predictive for the time interval until the occurrence
of menopause. Using age and AMH, the age range in which menopause will
occur, can be individually predicted. Correct prediction of age at menopause
could open avenues of individualized prevention of age related infertility and
menopause related conditions, like cardiovascular disease and breast carci-
noma. Long term follow up studies starting at age 20 need to show whether
predictions over periods longer than 11 years will be possible, using not only
endocrine and ultrasound factors, but also genetic information to be linked to
future reproductive events.
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Chapter 8

Ovarian ageing represents the age related decline of the quantity and quality
of the oocytes residing within the follicles present in the ovarian cortex. The
changes in quantity and quality will lead to four milestones in the reproductive
lifespan: the onset of decreasing fertility, the subsequent loss of natural fertility,
menopausal transition and finally menopause. The normal process of ovarian
ageing varies considerably among women. This implicates that woman of the
same age differ in their reproductive capacity. Despite the variation with age,
it is hypothesized that a fixed temporal relationship is present among the four
reproductive events, with the occurrence of the end of natural fertility some 10
years before menopause (7). Because of the individual variability, the develop-
ment of tests that correctly forecast the ovarian reserve status is desirable.
Such test are early follicular Follicle Stimulating Hormone (FSH) concentration
(40), the Antral Follicle Count (AFC) as measured by transvaginal ultrasound
(41), and Anti-Mtllerian Hormone (AMH) levels (42).
In this thesis we have therefore evaluated the real accuracy of these ovarian
reserve tests (ORTs) in the prediction of the current and future ovarian reserve
status. The aims of this thesis can be listed as follows:
1. Study the accuracy of ovarian reserve tests in the prediction of outcome
in ART
2. Study the added accuracy of ovarian reserve tests in the prediction of out-
come in ART, when baseline patient characteristics such as female age are
taken into account
3. Assess the added value of ovarian reserve tests in the prediction of age at
menopause

Current ovarian reserve status

The first two aims reflect the capacity of the ORTs in the prediction of the cur-
rent ovarian reserve status. The studies presented in chapters 2-6 focus on
these aims. It was demonstrated that the ORTs AFC and AMH have an accurate
predictive value for the outcome ovarian response, both for poor and excessive
response. These tests are superior over female age and a single test of AMH or
in combination with the AFC shows a comparable accuracy to any other multi-
variable model. Although they can predict ovarian response, we have demon-
strated that these tests clearly fail in the prediction of an ongoing pregnancy.
Female age is still the best predictor of pregnancy and no ORT or combina-
tion of ORTs can improve this accuracy. The use of ORTs for the prediction of
a possible pregnancy has now been proven to be redundant. Since ovarian
response to controlled hyperstimulation is considered as an expression of the
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quantitative aspect of the ovarian reserve, while the realization of an ongoing
pregnancy is considered as an expression of the qualitative aspect of the ovarian
reserve, we can conclude that the ORTs solely reflect the quantitative aspect of
the current ovarian reserve status.

The reason why ORTs do not predict pregnancy could be that pregnancy pro-
spects depend on more factors than the oocyte alone. The chance of pregnancy
after IVF/ICSI is also dependent on the embryo quality, transfer technique and
endometrial receptivity (140). Furthermore, it can be said that only in conse-
cutive cycles a true estimation of the pregnancy potential of a couple can be
studied. One study did analyze the capacity of the ORTs in multiple cycles, but
demonstrated that in a multivariable model age is the only independent pre-
dictor of pregnancy in 3 subsequent cycles (106). This indicates that age cur-
rently is the only suitable marker for the qualitative ovarian reserve. Since age
is indicative of both the quantitative and qualitative aspect of the ovarian re-
serve, it is reasonable to assume that the quantitative and qualitative aspects
of the ovarian reserve are at least linked in some way. There are several argu-
ments for an indirect or direct relationship between these aspects. For example,
women with a poor response in IVF have a lower spontaneous and ART related
pregnancy rate (23). It has also been demonstrated that a low number of re-
trieved oocytes in an IVF/ICSI treatment is related to miscarriage and trisomic
pregnancy, although this effect becomes more explicit at higher female age
(211;212). These results suggest that there is a link between quantity and qua-
lity. However, it has also been demonstrated that young poor responders have
reasonable to good pregnancy rates (213;214), even if an elevated FSH level
is present (215;216). This indicates that the poor prospects in poor responders
may be much more age dictated, and that early decline in follicle quantity does
not necessarily affect oocyte quality to the same extent.

In the limited oocyte hypothesis, the quality of oocytes is assumed to be di-
rectly related to the quantity (217;218). At the same time there is some support
for the theory that an age-dependent accumulation of damage to the oocyte
exists, this would be on the basis of for example cumulating oxidative stress
(219). A recent study shows alterations in abundance and activity of MCAK, a
gene involved in meiosis, in aged oocytes. This may contribute to the loss of
control of cell cycle and chromosomal behaviors, thus increasing risk for errors
in chromosome segregation and aneuploidy. However, further studies need to
be performed to unravel the process of qualitative decline of the oocytes with
age and the relation to the quantitative decline of the ovarian reserve. The hy-
pothetical relationship between quantitative and qualitative ovarian ageing is
shown in Figure 1.
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Figure 1. The hypothetical relationship between quantitative and qualitative ovarian ageing
The black lines indicate variability in the quantitative decline based on a different endowment at birth.
The black dotted line indicates the increase of the proportion of poor quality oocytes and therefore
the decline of quality of the oocytes, based on the theory that there is an age-dependent accumula-
tion of damage to oocytes. This will explain that age determines quality and that young women with
low quantity have better pregnancy prospects than older women with a low quantity, due to a lower
decline in quality at a younger age.
For example, a 30 year old woman with a diminished quantitative ovarian reserve has a lower per-
centage poor quality oocytes (black arrows) as a 40 year old woman with the same decrease in the
quantitative ovarian reserve (grey arrows).
Note that the rate of the decrease of the quantitative and qualitative ovarian reserve may also vary.

Regardless of the true nature of the link between the quantitative and qualita-
tive aspect of the ovarian reserve, we have demonstrated that through mea-
surement of the quantity aspect no real information about the quality aspect
(pregnancy) can be obtained. Consequently, we can contemplate whether
there is a real clinical value in measuring solely the quantitative ovarian reserve
prior to IVF/ICSI treatment.

Although the prediction of ovarian response categories is accurate, the clini-
cal value of this finding is depends on the consequences that the outcome of
these tests have on patient management. The question of which management
options could be chosen based on the test result, and the cost-effectiveness of
using the test with its subsequent management changes needs to be evalu-
ated. Clinical implications of abnormal test results could vary from counseling
the patient on the expected response to ovarian hyperstimulation, to changing
patient management by for example FSH dosage adjustments. Since no indi-
vidualized information regarding pregnancy prospects can be given, the value
of counseling is probably limited and most likely not cost-effective.
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The mostinteresting consequence of ovarian response prediction is its potential
for individualizing the stimulation protocol with focus on FSH dosage adapta-
tion or the use of mild stimulation approaches in an antagonist system. To date,
studies have provided contradictory results (101;102;148-150). In a randomized
study doubling the starting dose of gonadotrophins from 150 to 300 IU per day
in predicted poor responders, based on an AFC<5, did not lead to an improve-
ment of the response during IVF treatment nor pregnancy prospects (102).In a
comparable, but pseudo-randomized design, it was demonstrated that increas-
ing the starting dose of FSH stimulation in potential poor responders based on
low AMH values did not alter response or pregnancy rates (148). Moreover, the
effect of two high dose FSH treatment arms (300 versus 400 IU daily) in pre-
dicted poor responders based on basal FSH levels was studied. Despite an ap-
parent good response in both dosage arms, the outcome at all stages of the IVF
treatment was still equally poor and clearly poorer than in women with normal
FSH levels (149). In contrast to these three studies, another study revealed that
using an individual starting dose based on a response predicting algorithm, did
in fact narrow the distribution of ovarian responses and reduce the incidence of
patients with a poor or excessive response (101). These results were confirmed
by a study demonstrating that with an individual dose fewer cancellation were
needed because of an excessive response (150). A large, well designed rando-
mized controlled trial is necessary to study the true value of individualization
of the FSH dosage for both the prevention of a poor as an excessive response,
while simultaneously observing the cost-effectiveness of this strategy.
Currently, in the Netherlands such a trial is starting, the OPTMIST trial (OPTIMi-
sation of cost effectiveness through Individualized FSH Stimulation dosages of
IVF Treatment: a randomized trial, registration nr: NTR2657). The results of this
trial will determine whether ORTs prior to IVF/ICSI treatment have clinical value
or if they are redundant.

A new possibility for predicted poor responders could be the supplementa-
tion of androgens. Several preliminary studies have been performed on this
subject suggesting an increase in the ovarian reserve, by an increase in AMH
levels (220), higher number of oocytes retrieved and day 3 embryo’s after IVF
treatment (221), reduced embryo aneuploidy rates (222), and lower miscarriage
rates (223) after supplementation of DHEA. This studygroup speculates that
DHEA may positively affect recruitment from the dormant primordial follicular
pool, it may reduce apoptosis or it may selectively and directly affect granu-
losa cells and thus increase AMH output. This would suggest progressively
more pre-antral follicles are accumulating and/or improvement of follicle qual-
ity overall, resulting in the AMH increase. They do not speculate on how DHEA
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would affect non-dysfunctional events. Several randomized trials have been
performed, but with conflicting results. One study shows no significant benefi-
cial effects of androgen administration on the ovarian response (224). But on
the contrary another study did show a significant difference in oocyte yield, but
not in pregnancy prospects (225). Finally, a significant difference in live birth
after treatment with androgens was demonstrated (226), although these result
and statistical analysis are questioned (227). A Cochrane review regarding LH
supplementation, describes that there was no evidence for statistical differen-
ces in pregnancy outcomes. Noteworthy is that all these trials contain limited
numbers of patients and the effect independent of age has not been analyzed.
Therefore, to this point it is not clear whether the favorable outcomes that
have been reported, were already to be expected, since studies have described
acceptable (pregnancy) prospect for especially young poor responders.

Finally, a possible valuable application for ORTs is to use them in case of a poor
response in the first IVF attempt, to confirm whether there is a truly a dimi-
nished ovarian reserve or other putative causes like underdosing based on FSH
polymorphisms or gross obesity (63;228-230). This would imply that routine
testing prior to starting ART would be abandoned and the first cycle would be
seen as a trial of ovarian capacity. Women with a poor response and a confirma-
tion of diminished ovarian reserve with an ORT could be counseled to refrain
from further treatment (61;231). Such application needs to be studied in larger
cohorts and the OPTMIST trial (OPTIMisation of cost effectiveness through Indi-
vidualized FSH Stimulation dosages of IVF Treatment: a randomized trial, regis-
tration nr: NTR2657) will offer new data to judge the applicability.

Future ovarian reserve status

If a woman's future ovarian reserve status or reproductive lifespan can be pre-
dicted early in life it may have a significant influence on the choices women will
make regarding their career and family planning. Mass campaigns propagating
earlier child birth have not been successful, but perhaps individual advice on
attempting conception earlier in life might be more successful. Especially, since
new options are arising for women with a predicted early menopause/end of
natural fertility. If these women do not want to attempt conception early in life,
cryopreservation of oocytes could be a fair alternative (209;232). Feasibility and
desirability studies need to be performed to demonstrate whether women in-
corporate their predicted reproductive lifespan in their family planning or fer-
tility management like oocyte banking. If these results will not follow, then the
knowledge of ovarian ageing will aid in infertility care and women’s health in
general, since menopause is also related to other systems in the human body.
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Early menopause is associated with osteoporosis, cardiovascular disease, cogni-
tion, well-being and sexual health, while late menopause on the other hand is
associated with breast, ovarian and endometrial cancer.

To study the value of ORTs in the assessment of a woman’s future ovarian re-
serve status, an extended follow up study was performed of which the results
are described in Chapter 7. We have demonstrated in the first long term follow-
up study that an age specific AMH value can be used to calculate an individual
age range in which menopause will subsequently occur. In this follow-up study
atime interval of 11 years was studied. Further studies need to confirm if AMH is
still a good predictor of age at menopause with a time interval of around 20-30
years. Since the real value of predicting the future fertility status is for woman
of an age around 20 years, so that they can be properly informed about their
reproductive lifespan. Moreover, we used a nomogram for age-specific AMH
values, but it needs to be demonstrated that AMH is constantly declining and
that women remain in the same AMH percentile during their reproductive life-
span. Only if this is demonstrated, one measurement of AMH at a young age will
give information about a women'’s entire reproductive lifespan.

Some studies have been performed on the age related decline of AMH. A recent
study, showed an age-related nomogram, in which AMH declines in a non-linear
way, which is best described by a quadratic equation for women aged 25-45
years (233). This decline is consistent with a maintained relationship among
the non-growing follicular cohort size, age and reproductive ageing, with an
increased heterogeneity of circulating AMH concentrations in younger women.
The heterogeneity in young women may implicate that AMH does not decline
that much in women aged 20-30 years. However, an age related decline that
was best fitted by a polynomial function was also demonstrated together with
normal values for different age categories (234). Another study does show an
AMH decline in women aged 25-45 years and a normal distribution of AMH
values in assumed healthy women, but does not describe the pattern of decline
(235). In a healthy cohort of girls and women in the Netherlands, it was demon-
strated that in the pre-pubertal years AMH serum levels rise, despite the enor-
mous reduction of the primordial follicle pool in this period. After an initial rise,
AMH levels seem to remain constant until about 25 years of age, after which
AMH levels start to decline (data in press, Lie Fong et al.). A large follow up study
of women from around 20 years, of which AMH levels are measured regularly
and information of age at menopause is present, is needed to confirm whether
AMH levels even at a young age can be predictive of the reproductive lifespan.
The MORGEN cohort in the Netherlands could be such a cohort. In this cohort a
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randomly selected group of more than 10,000 women is followed every 5 years
to collect information about their menstrual pattern, to investigate fertility and
to draw blood samples.

With new insights on the mechanisms dictating ovarian ageing and its indi-
vidual variation, identification of other possible markers for the individualized
prediction of the reproductive lifespan could be an option.

Genetic factors have proven to play a major role in determining the variation
in menopausal age, as demonstrated in several mother-daughter, twin and sib-
pair studies. Estimation of heritability in menopausal age range from 31-87%
(236-239). Next to genetic factors, several environmental and life-style factors
like smoking, body mass index, use of alcohol and parity have claimed to in-
fluence menopausal timing as well (19;240-242). Thus, menopausal age is a
complex trait. A recent systematic review summarizes all the studies that have
been performed on genes that possibly encode menopausal age (243). From
this review it became apparent that a number of genetic regions and variants
involved in several possible pathways underlying timing of age at menopause
could be identified. Two possible interesting regions (9921.3 on chromosome 8
at 26¢cM) in linkage analyses were found and genome wide association studies
have identified two genomic regions (19q13.42 and 20p12.3), containing two
promising candidate genes (BRKS1 and MCM). Another recent study demon-
strated that genes involved in initial follicle recruitment may also be associated
with age at menopause; variation in the AMHR2 gene modifies the relationship
between parity and age at natural menopause and BMP15 was associated with
menopausal age. An easy accessible expression of the genetic influence of ovar-
ian ageing could be maternal age at menopause. A recent study showed that
maternal age at menopause predicts the AFC and its decline, and thereby likely
the size of the primordial follicle pool (244). Moreover, the association of urinary
FSH of women and their mother’s age at menopause was already demonstrat-
ed (245). Identification of the genes and environmental factors that contribute
to the endowment and wastage of follicles in the ovaries and thus timing of
menopause will add to the understanding of the physiological mechanism of
this trait. It could lead to possible new markers that represent the expectation
of the reproductive lifespan.

Vascular factors have also been mentioned as possible markers of ovarian age-
ing, since the association between early menopause and vascular disease as a
possible causative factor has recently received attention. Infertile women with
reduced ovarian reserve as expressed by a poor response to ovarian hyper-
stimulation during ART, have demonstrated to reach menopause earlier and
have an increased rate of vascular complications in subsequent pregnancies
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(246-248). For women with premature menopause who become pregnant after
oocyte donation, the same pattern of vascular compromise has become obvi-
ous (249). It has also been suggested that pregnancies after IVF are more likely
to occur in those women with a favorable vascular status (250;251). Moreover,
associations have been found between age at natural menopause and a vari-
ant of the APO-E gene, which is associated with longevity and atherosclerosis
(252;253). Finally, cardiovascular risk factors such as hypertension, obesity and
hypercholesterolemia have shown to be associated with a decreased age at
natural menopause (254). If vascular factors are shown to be a major causative
factor in timing of ovarian ageing, a breakthrough in long term prediction may
come from early markers for vascular quality, as well as from genetic factors
driving these vascular changes.

In summary, in the process of ovarian ageing genetic, environmental and vas-
cular factors seem to play a role. The actual process and interaction of all these
components in the mechanisms of reproductive ageing needs to be elucidated.
Ovarian reserve tests can be seen as an expression of this individual constitu-
tion.

In conclusion, this thesis has demonstrated that ORTs are capable of predicting
the current quantitative ovarian reserve status. The clinical value of these pre-
dictions will depend on future studies that determine whether individualizing
the stimulation protocol has benefits for the patient and if this is a cost-effective
strategy. ORTs do not predict pregnancy after IVF/ICSI treatment, and therefore
the current qualitative ovarian reserve can not be determined with the ORTs.
Female age remains the most important predictor of the qualitative aspect of
the current ovarian reserve. Since female age is also related to the quantitative
aspect of the ovarian reserve it is believed that the quantitative and qualita-
tive aspects of ovarian ageing are somehow related. The mechanisms of mainly
qualitative ovarian ageing and the relationship with quantitative ovarian age-
ing still need to be unraveled further.

Moreover, we have demonstrated that AMH is highly predictive of timing of
menopause and that an age-specific AMH value can calculate the individual
age range in which menopause will occur. Further long term follow up studies,
preferably from the age of 20 years and up need to demonstrate whether we
can predict the future fertility or reproductive lifespan for young women. The
influence of genetic and vascular factors on the reproductive lifespan need to
be taken into account in such a study. Prediction of the reproductive lifespan
will lead to the possibility of exploring the primary prevention of age related
infertility and menopause related conditions.
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Chapter 9

This thesis aims to evaluate the true value of ovarian reserve tests in the assess-
ment of the current and future ovarian reserve status. We focused on evaluating
the available evidence through conventional meta-analysis. Using individual
patient data meta-analysis the continuous nature of these test and the possi-
bilities to study these tests in multivariable models and subgroups was further
evaluated. For the assessment of the future ovarian reserve status an extended
follow study was performed to demonstrate the value of these tests in the pre-
diction of age at menopause.

The introduction, Chapter 1, addresses the concept of ovarian ageing, the pur-
pose of ovarian reserve testing and the several ovarian reserve tests. Ovarian
ageing is the gradual decline in the number of oocytes and the simultaneous
decrease of the quality of the remaining oocytes. The changes in quantity and
quality will lead to four milestones in the reproductive lifespan: subfertility,
the end of natural fertility, menopausal transition and menopause. It is hypo-
thesized that a fixed interval exists between these milestones, with the end of
natural fertility occurring 10 years before menopause. The normal process of
ovarian ageing varies considerably among women, with an age range of about
20 years. Therefore, accurate prediction of the current and future ovarian re-
serve status is desirable. This thesis evaluates the true value of ovarian reserve
tests in the assessment of the current and future ovarian reserve status.

In Chapter 2, the value of the ovarian reserve tests Antral Follicle Count (AFC)
and Anti-Mdllerian Hormone (AMH) in the prediction of a poor response or on-
going pregnancy were assessed in a conventional systematic meta-analysis. A
total of 13 studies were found reporting on AMH and 17 on the AFC. Summary
receiver operating characteristics (ROC) curves were estimated and compared.
The curves for the prediction of a poor response showed that both AMH and
AFC had a good accuracy and indicated no significant difference between the
performances of AMH and AFC. For the prediction of pregnancy a poor perfor-
mance was found for both AMH and AFC.

Chapter 3 is an individual patient data meta-analysis (IMPORT study) regarding
the ORTs in the prediction of a poor response or pregnancy. Original data was
collected from previously published studies. In total 24 authors contributed
28 databases, regarding 5,705 patients undergoing IVF/ICSI treatment. It was
demonstrated that AFC and AMH do have added value to female age in the pre-
diction of a poor response. Yet the predictive value of any multivariable model
was not significantly better than that of either AMH or AFC alone. A single test
of AMH or AFC could therefore be considered sufficient for the prediction of a
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poor response. For the prediction of an ongoing pregnancy ORTs do not add to
the limited predictive capacity of female age.

In Chapter 4, the performance of the ORTs in different clinical subgroups is
assessed in an individual patient data meta-analysis (IMPORT study). It was
studied whether age, BMI or duration of subfertility influence the accuracy of
the ORTs. For the prediction of poor response the results suggest that AMH is
less accurate in older women and that the AFC is less accurate when the dura-
tion of subfertility is longer. But an obvious improvement or decline of poor
response prediction in one of the subgroups could not be found. It shows that
an accurate prediction of an ongoing pregnancy is not feasible, and no clini-
cal subgroup could be identified in which the performance of one of ovarian
reserve tests excels. For poor response prediction, ORTs remain applicable in
unselected populations indicated for IVF.

Chapter 5 summarizes the results of the existing literature on the ovarian re-
serve tests AFC and AMH in the prediction of an excessive response in a syste-
matic conventional meta-analysis. In total 9 studies were found reporting on
AMH and 5 reporting on AFC. Comparison of the summary estimates of sensi-
tivity, specificity and the summary ROC curves showed that both tests are accu-
rate predictors of an excessive response to ovarian hyperstimulation and there
is no significant difference between these tests. Moreover, it was shown that
both tests have clinical value for the prediction of an excessive response.

Chapter 6 is an extended version of the IMPORT study and contains individual
patient data for meta-analysis on excessive response prediction, the EXPORT
study. The search was updated and another 5 databases could be added to the
IMPORT study, therefore the EXPORT study contains a total of 33 databases
regarding 6,852 patients undergoing IVF/ICSI treatment. It was demonstrated
that AFC and AMH add value to female age in the prediction of an excessive
response. Interestingly, a single test of AMH or AFC yielded a comparable ac-
curacy. A model combining these two tests provides the vast majority of the
predictive information, and female age has no additional value. The influence
of patient characteristics on the prediction of an excessive response was also
studied and it was shown that age influences the accuracy of AFC and FSH. The
accuracy of AFC was higher with increasing age, the accuracy of FSH is lower
with increasing age. However, an obvious improvement or decline of the per-
formance of the ORTs could not be found. This implies that ORTs remain ap-
plicable for excessive response prediction in unselected populations indicated
for IVF.
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In Chapter 7, the value of the ovarian reserve tests in the prediction of the
future ovarian reserve status was assessed. An extended follow up study was
performed in 257 normo-ovulatory women. The ORTs FSH, AFC and AMH were
assessed at Time 1. At Time 2, around 11 years later, the cycle status of these
women (strictly regular, menopausal transition or postmenopause) and age at
menopause was assessed. A total of 48 women had reached postmenopause at
Time 2. Age, AMH and AFC were significantly related with time to menopause
and showed a good percentage of correct predictions. After correction for age,
only AMH added to the prediction. Therefore, a nomogram of age specific AMH
values was constructed. From the constructed nomogram it appeared that the
normal distribution of age at menopause will shift considerably, depending on
the age specific AMH value. Therefore, the age range in which menopause will
subsequently occur, can be individually calculated.

Chapter 8 discusses the conclusions that can be drawn from this thesis.

In this thesis it was demonstrated that the ORTs AFC and AMH are capable of
predicting the current quantitative ovarian reserve status. The clinical value of
this prediction will depend on future studies that demonstrate if adjustment of
clinical management can be justified based on these predictions. ORTs do not
predict pregnancy after IVF/ICSI treatment, and therefore the current qualita-
tive ovarian reserve can not be determined with ORTs. Since age is indicative
of both the quantitative and qualitative aspect of the ovarian reserve, it is rea-
sonable to assume that the quantitative and qualitative aspects of the ovarian
reserve are at least linked in some way. The mechanisms of mainly qualitative
ovarian ageing and the relationship with quantitative ovarian ageing, however,
still need to be unraveled further.

For the prediction of the future ovarian reserve status we have demonstrated
that an age-specific AMH value can give an individualized prediction of the age
range in which menopause will occur. A long term follow up study, from the age
of 20 years and up, needs to demonstrate if AMH can give a prediction of the re-
productive lifespan at such a young age. Moreover, the influence of genetic and
vascular factors on the reproductive lifespan needs to be taken into account in
such a study. Prediction of the reproductive lifespan will lead to the possibility
of exploring the primary prevention of age related infertility and menopause
related conditions.
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Chapter 10

Het doel van dit proefschrift is het evalueren van de waarde van ovariéle re-
serve testen in de beoordeling van de huidige en toekomstige ovariéle reserve.
We hebben ons in eerste instantie geconcentreerd op de evaluatie van be-
schikbare studies door conventionele meta-analyses. Met behulp van individu-
ele patiénten data meta-analyses kon de continue aard van deze testen en de
mogelijkheid om deze testen te onderzoeken in multivariabele modellen en
subgroepen verder bestudeerd worden. Voor de beoordeling van de toekom-
stige ovariéle reserve status werd een verlengde follow-up studie verricht om
aan te tonen of deze testen de menopauze leeftijd kunnen voorspellen.

In de introductie, Hoofdstuk 1, wordt het concept ovariéle veroudering, het doel
van ovariéle reserve testen en de verschillende ovariéle reserve testen bespro-
ken. Ovariéle veroudering is de geleidelijke afname van het aantal eicellen en
de gelijktijdige afname van de kwaliteit van de overgebleven eicellen. Deze ver-
anderingen in kwantiteit en kwaliteit leiden uiteindelijk tot de volgende vier
mijlpalen: verminderde vruchtbaarheid, onvruchtbaarheid, de menopauzale
transitie en de menopauze. Er wordt verondersteld dat er een vast tijdsinter-
val bestaat tussen deze mijlpalen, waarbij onvruchtbaarheid ongeveer 10 jaar
voor de menopauze optreedt. Het normale proces van ovariéle veroudering
verschilt aanzienlijk tussen vrouwen, met een leeftijdsvariatie van ongeveer
20 jaar. Daardoor is een accurate voorspelling van de huidige en toekom-
stige ovariéle reserve status gewenst. Dit proefschrift onderzoekt dan ook de
werkelijke waarde van de ovariéle reserve testen (ORTs) in de voorspelling van
de huidige en toekomstige ovariéle reserve status.

In Hoofdstuk 2 wordt de waarde van de ovariéle reserve testen AFC en AMH
in de predictie van een slechte respons op ovariéle stimulatie en doorgaande
zwangerschap beoordeeld in een conventionele meta-analyse. Er werden in
totaal 13 studies gevonden die rapporteerden over AMH en 17 over AFC. De sa-
menvattende Receiver Operating Characteristic (ROC) curven werden geschat
en vergeleken. De curven voor de predictie van een slechte respons toonden
voor zowel AMH als AFC een goede accuratesse en toonden geen significant
verschil tussen de prestaties van AMH en AFC. Zowel AMH als AFC lieten een
slechte voorspelling voor een doorgaande zwangerschap zien.

Hoofdstuk 3 is een individuele patiénten data meta-analyse (de IMPORT studie)

over ovariéle reserve testen in de predictie van een slechte response op ovariéle
stimulatie en/of doorgaande zwangerschap. De originele data van tevoren ge-
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publiceerde studies werd verzameld. Vierentwintig auteurs stelden in totaal
28 studie-databases ter beschikking, samen rapporteerden deze studies over
5705 patiénten die een IVF/ICSI behandeling ondergingen. Er kon worden aan-
getoond dat AFC en AMH toegevoegde waarde hebben op leeftijd in de voor-
spelling van een slechte respons op ovariéle stimulatie. Maar de voorspellende
waarde van enig multivariabel model was niet significant beter dan de voor-
spellende waarde van AMH en AFC. Een enkele AMH of AFC test kan daarom als
voldoende worden beschouwd voor de voorspelling van een slechte respons.
In de predictie van een doorgaande zwangerschap voegen ORTs geen waarde
toe aan de beperkte voorspellende waarde van leeftijd van de vrouw.

In Hoofdstuk 4 wordt in een individuele patiénten data meta-analyse (de IM-
PORT studie) de waarde van de ORTs in verschillende klinische subgroepen
onderzocht. Er werd bestudeerd of leeftijd, BMI en de duur van de onvrucht-
baarheid invloed hebben op de accuratesse van de ORTs. De resultaten voor de
predictie van een slechte respons op ovariéle stimulatie suggereren dat de ac-
curatesse van AMH daalt bij hogere leeftijd, en dat de accuratesse van AFC daalt
bij een langere duur van de onvruchtbaarheid. Maar een duidelijke verbetering
of verslechtering van de voorspelling in één van de subgroepen kon niet wor-
den aangetoond. Er werd aangetoond dat de voorspelling van een doorgaande
zwangerschap niet mogelijk is, ook niet in een bepaalde subgroep van patiént-
en. Voor de voorspelling van een slechte respons blijven de ORTs bruikbaar in
niet geselecteerde populaties met een indicatie voor IVF.

Hoofdstuk 5 is een systematische conventionele meta-analyse die de beschik-
bare studies over de ovariéle reserve testen AFC en AMH in de voorspelling
van een te hoge (hyper) respons samenvat. In totaal rapporteerden 9 studies
over AMH en 5 over de AFC. Vergelijking van de samengevatte schatting van
de sensitiviteit, specificiteit en de samengevatte ROC curven, toonde dat beide
ORTs accurate voorspellers zijn van een hyper respons. Er werd geen significant
verschil tussen beide ORTs aangetoond. Daarnaast werd aangetoond dat beide
ORTs klinische waarde hebben als voorspellers van een hyper respons.

Hoofdstuk 6 is een uitbreiding van de IMPORT studie en bevat individuele
patiénten data voor meta-analyse voor de predictie van een hyper respons,
de EXPORT studie. De zoektocht naar geschikte artikelen werd bijgewerkt en
5 studie databases konden worden toegevoegd aan de IMPORT studie. De
EXPORT studie bevat dan ook in totaal 33 databases, met een totaal van 6852
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patiénten die een IVF/ICSI behandeling ondergingen. In de voorspelling van
een hyper response werd aangetoond dat AFC en AMH toegevoegde waarde
hebben op de voorspellende waarde van leeftijd. Hoewel slechts een enkele
AMH of AFC bepaling vrijwel een gelijke accuratesse heeft. Een model dat beide
testen combineert, geeft het merendeel van de voorspellende waarde weer, en
leeftijd heeft geen toegevoegde waarde op dit model. De invloed van patiént-
karakteristieken op de accuratesse van de testen werd ook bestudeerd. Leeftijd
beinvioedt de accuratesse van AFC en FSH in de voorspelling van een hyper
response; de accuratesse van AFC is hoger bij een hogere leeftijd en de accu-
ratesse van FSH is lager bij een hogere leeftijd. Een duidelijke verbetering of
verslechtering van de voorspellende waarde in de verschillende subgroepen
kon echter niet worden aangetoond. ORTs blijven daarom bruikbaar in niet ge-
selecteerde IVF populaties voor de voorspelling van een hyper respons.

In Hoofdstuk 7 wordt de waarde van de ovariéle reserve testen in de voorspel-
ling van de toekomstige ovariéle reserve status onderzocht. Een verlengde
follow-up studie werd verricht bij 257 normo-ovulatoire vrouwen. De ovariéle
reserve testen FSH, AFC en AMH werden op tijdstip 1 bepaald. Op tijdstip 2,
gemiddeld 11 jaar later, werd de status van de menstruele cyclus (strikt regulair,
menopauzale transitie en post-menopauze) en de menopauzeleeftijd beoor-
deeld. Een totaal van 48 vrouwen was post-menopauzaal op tijdstip 2. Leeftijd,
AMH en AFC waren significant gerelateerd aan de tijd tot het optreden van de
menopauze en hadden een goed percentage correct voorspelden. Na correctie
voor leeftijd, bleek dat alleen AMH toegevoegde waarde had in de voorspel-
ling van de menopauze status. Daarom werd een nomogram geconstrueerd
van leeftijdspecifieke AMH waarden. Uit het nomogram bleek dat afhankelijk
van de leeftijdspecifieke AMH waarde de normale verdeling van de menopauze
leeftijd aanzienlijk verschoven kon worden. Hierdoor biedt AMH mogelijkheden
om de verwachting ten aanzien van de menopauze leeftijd individueel bij te
stellen.

Hoofdstuk 8 bespreekt de conclusies die uit dit proefschrift getrokken kun-
nen worden. In dit proefschrift wordt getoond dat de ovariéle reserve testen
AFC en AMH in staat zijn om de huidige kwantitatieve ovariéle reserve status
te voorspellen. De klinische waarde van deze voorspellingen is afhankelijk van
toekomstige studies, die moeten aantonen of het klinisch beleid zou kunnen
worden aangepast op basis van deze voorspellingen. Ovariéle reserve testen
zijn geen goede voorspellers van een zwangerschap na een IVF/ICSI behan-
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deling en dit betekent dat de ORTs niet in staat zijn om de huidige kwalita-
tieve ovariéle reserve status te voorspellen. Aangezien leeftijd indicatief is voor
zowel de kwantitatieve en kwalitatieve aspecten van de ovariéle reserve, is het
aannemelijk dat de kwalitatieve en kwantitatieve aspecten van de ovariéle re-
serve in meer of mindere mate aan elkaar gerelateerd zijn. Het mechanisme
van vooral de kwalitatieve ovariéle veroudering en de relatie met kwantitatieve
ovariéle veroudering moet echter nog verder ontrafeld worden.

Voor de predictie van de toekomstige ovariéle reserve status hebben we aan-
getoond dat een leeftijdspecifieke AMH waarde een individuele voorspelling
kan geven van de leeftijd spreiding waarop de menopauze zal optreden. Een
lange termijn follow-up studie van 20 jarige leeftijd moet aantonen of AMH
ook op jonge leeftijd een voorspelling kan geven van het reproductieve leven
van een vrouw. Voorspelling van het reproductieve leven van een vrouw zal
leiden tot de mogelijkheid om de primaire preventie van leeftijdsgerelateerde
onvruchtbaarheid en menopauze gerelateerde ziekten te exploreren.
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iedereen die direct of indirect betrokken was bij dit onderzoek. Daarvoor wil ik
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Maar jouw enthousiasme was ontzettend aanstekelijk en al snel werd ik gepakt
door het onderwerp. Ik ben dankbaar voor het door jou gestelde vertrouwen
in mij, waardoor je mij de mogelijkheid hebt gegeven om dit onderzoek uit
te bouwen naar een promotietraject! Verder wil ik je bedanken voor alle sup-
port en ondersteuning tijdens dit promotietraject, ik waardeer de persoonlijke
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hebben voor het onderzoek. Ik ben blij dat ik deel uit heb mogen maken van
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Dr. M.J.C. Eijkemans, beste René, zonder jou zou promoveren nooit hetzelfde
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waardoor deze stukken zo ontzettend veel beter zijn geworden.
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De overige leden van de beoordelingscommissie: Prof. dr. Y.T. van der Schouw,
Prof. dr. A. Franx, Prof. dr. F.L.J. Visseren, Prof. dr. E.PJ.G. Cuppen, dank ik voor het
kritisch beoordelen van dit proefschrift.

Dr. J. van Disseldorp, beste Jeroen, wat een voetstappen om in te treden....
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Beste Piet, Marian, Annelies, Sandra en Angelique, bedankt voor alles wat ik van
jullie heb mogen leren.

Lieve IVF verpleegkundigen en alle collega’s van het IVF laboratorium, het was
me een genoegen om met jullie samen te werken.
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Lieve dames van receptie 38, dank voor al jullie ondersteuning, maar ook voor
de gezelligheid. Ik zal nog eens wat kokosmakronen langsbrengen.

Ellis, Ingrid en Tessa, wat krijgen jullie het altijd goed geregeld, duizendmaal
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voor nu; beter een goede buur, dan een verre vriend...

Lieve vrienden van de studie, dank voor samen studeren, opdrachten delen,
gedeelde tentamenstress en alle leuke momenten, avondjes uit en weekendjes
weg die we hebben gehad. Ik ben blij nu als collega’s nog steeds zoveel leuke
momenten met jullie te delen en ik kijk uit naar interdisciplinaire consulten.

My foreign friends, thank you for your friendship, even if we're miles apart. Lisa
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vriendschap en interesse in mij en de support tijdens dit promotietraject.
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Er zijn nog een aantal vrienden ik eruit wil lichten:

Marjolijn, dank dank dank! Voor alle momenten dat je mij de positieve kant van
alles kan laten zien, zelfs als ik ze écht zelf niet meer kan bedenken. Dank voor
je creatieve input. De dagelijkse oppeppers. Vanaf de eerste ontmoeting zat het
goed, dat hoedje gaat niet op...

Lidy, ook met jou was het vanaf het eerste moment duidelijk, wij zouden goede
vriendinnen zijn. Dank voor je support, zelfs al is het van mijlenver! Alles kan ik
jou vertellen, dank je wel voor je relativeringsvermogen en dat je me om alles
kunt laten lachen. Ik ben je dankbaar voor jouw geloof en vertrouwen in mij.

Celine, jouw enthousiasme is z6 aanstekelijk. Je kunt me er altijd aan herin-
neren waarom ik dit vak ook al weer zo leuk vind. Dank voor alle vrolijkheid die
je brengt en voor je begrip, als geen ander weet jij hoe het is om wetenschap
en de kliniek te combineren.

Eline, waar werkgroep 23 wel niet goed voor is geweest...een nieuw studie-
maatje met dezelfde aanpak, een goed vriendinnetje, een gezellig buurvrouw.
Er zijn weinig mensen met wie je 3 maanden in Afrika één kamer of tent kunt
delen, maar met jou was het een feest en ik kan alleen maar positief terugkijken
naar die tijd. Ik ben blij dat we nog steeds zoveel kunnen delen. Asante sana.

Nadine, lief nichtje maar vooral ook vriendinnetje. Vanaf vroeger zat het al goed;
brieven, logeerpartijen en bezoekjes zijn uitgegroeid tot een van de sterkste
vriendschappen. Dank je wel voor al je interesse en steun de afgelopen jaren.
Het idee dat je er altijd voor me bent, maakt mij sterker.

Sarah, twee hele verschillende personen, maar wel twee handen op één buik.
Vroeger, maar nu nog steeds. De eerste jaren alles samen, nu ieder zijn eigen
weg. Ondanks dat weet ik dat je altijd achter me staat. Dank voor je creatieve
ondersteuning. Wat heb ik zin in onze reis!

Annemieke, een verplicht kaartje op de middelbare school werd samen vakken
volgen, samen dansen, samen uit. Nu gestudeerd in een andere stad, maar de
vriendschap blijft. Dank voor alle gezelligheid en alle momenten die we heb-
ben kunnen delen.

Lieve dames, dank jullie wel dat jullie zulke fantastische vriendinnen zijn!
Jullie zijn me dierbaar!
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Chapter 10

Lieve paranimfen, wat een eer om door jullie, twee zulke sterke en bijzondere
vrouwen, bijgestaan te worden vandaag!

Anne, lieve roomy, een kamer met een onbekende delen voor congres is nog
nooit zo'n succes geweest. Wat een super week in Barcelona, en dan met een
nieuwe vriendin terug naar huis. Dank voor al je adviezen op professioneel en
persoonlijk gebied, maar vooral voor alle gezellige momenten hier en in Cana-
da. Ik ben blij dat onze vriendschap steeds sterker wordt.

Jenneke, sis, samen in hetzelfde schuitje. Wat is het fijn om een maatje te heb-
ben, en helemaal eentje zoals jij. Jou hoef ik niks uit te leggen. Avondjes in het
UMC, of in de stad, het is altijd gezellig. Jouw enthousiasme en doorzettings-
vermogen waardeer ik enorm. Wat ben ik blij dat we behalve collega’s nu ook
goede vriendinnen zijn.

Dames, bedankt voor alle support tijdens dit promotietraject, en zeker de laat-
ste maanden. Ook jullie zijn me dierbaar!

Lieve familie Broer en Nieuwenhuis, dank voor jullie interesse in mij en dit
onderzoek, maar ook voor alle gezellige familiemomenten.

Lieve Wijnand, Marnix, Suzanna en Wessel. Opgroeien met z'n vieren was fan-
tastisch. De ‘grote’ en de ‘kleine’ bestaan niet meer, het is één gezellige mengel-
moes, waarbij we elk wat anders met elkaar kunnen delen! Wessel wat gezellig
dat jij erbij bent gekomen. Ik, toch een beetje de vreemde eend tussen al deze
ondernemers, ben dankbaar dat jullie ondanks dit verschil altijd veel interesse
getoond hebben in mijn werk en onderzoek. Ook dank voor alle gezelligheid,
alle etentjes, drankjes, feestjes, Sinterklaas en de wintersport. Ik hou van jullie.

Lieve papa en mama, ontzettend veel dank voor alles en zoveel meer! Voor het
warme nest, de veilige thuishaven, het vertrouwen en geloof dat jullie in mij
hebben. Dank voor de ‘je kunt meer dan je denkt’ De basis die jullie mij heb-
ben gegeven en de support die ik nog altijd van jullie krijg zorgen ervoor dat
ik kan doen wat ik doe! Ik ben blij dat we nog steeds zo'n sterke familieband
hebben. Laten we Sinterklaas en de wintersport en alle andere familietradities
in ere houden. Ik hou van jullie.
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Curriculum vitae

Simone Louise Broer was born on July 3rd, 1985 in
Naarden, as the third of four children. There, she grew
up with her brothers Wijnand and Marnix and her
sister Suzanna. She attended the gymnasium at the
‘Willem de Zwijger College’ in Bussum, from which
she graduated cum laude in 2003. Subsequently she
started medical school at the University Utrecht.

During medical school gynaecology and obstetrics
caught her interest and therefore she started her

scientific career with her first study on ovarian reserve
tests. She then followed an additional internship
Gynaecology and Reproductive Medicine at the Universita degli Studi di Siena,
Italy in 2007 (supervision: Prof. F. Petraglia). After her return, she continued her
studies on ovarian reserve tests, but interrupted these in 2008 for a surgical
internship at the Muhimbili National Hospital, Dar Es Salaam, Tanzania. After
obtaining her medical degree in 2009, she started working as a fertility
physician at the University Medical Center Utrecht and during this time
she continued her research project as a PhD-student at the Department of
‘Woman and Baby’ under the supervision of Prof. dr. FJ.M. Broekmans and
Prof. dr. B.C.J.M. Fauser.

Inaugust 2011 she will start her residency in Obstetrics and Gynaecology at the
Gelre Hospital in Apeldoorn (supervision: Dr. K.M. Paarlberg).
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Simone Louise Broer studied Medicine at the Utrecht University. During medical
school she started her PhD research on ovarian ageing. After her graduation she
started working at the Department of Reproductive Medicine at the University
Medical Center Utrecht as a PhD student and as a fertility physician.

Her thesis aims to evaluate the true value of ovarian reserve tests (ORTs]) in the
assessmentof the currentand future ovarianreserve status. It was demonstrated
that the ORTs do reflect the current quantitative but not the qualitative aspects
of the ovarian reserve status. For the prediction of the future ovarian reserve
status it could be demonstrated that an age-specific Anti-Miillerian Hormone
value can give an individualized prediction of the age category in which
menopause will occur. Prediction of a woman’s reproductive lifespan could lead
to the exploration of primary prevention of age related infertility and menopause
related conditions.
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