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sisted reproduction treatment outcome has been the focus of clinical research for many years, with a vari-
describing the probability of an ongoing pregnancy or a live birth. This study assessed whether serum

anti-Müllerian hormone (AMH) concentrations may be incorporated into a model to enhance the prediction of a live birth in women
undergoing their first IVF cycle, by analysing a database containing clinical and laboratory information on IVF cycles carried out
between 2005 and 2008 at the Mother–Infant Department of University Hospital, Modena. Logistic regression was used to examine
the association of live birth with baseline patient characteristics. Only AMH and age were demonstrated in regression analysis to
predict live birth, so a model solely based on these two criteria was generated. The model permitted the identification of live birth
with a sensitivity of 79.2% and a specificity of only 44.2%. In the prediction of a live birth following IVF, a distinction, however mod-
erate, can be made between couples with a good and a poor prognosis. The success of IVF was found to mainly depend on maternal

age and serum AMH concentrations, one of the most relevant and valuable markers of ovarian reserve. RBMOnline

ª 2010, Reproductive Healthcare Ltd. Published by Elsevier Ltd. All rights reserved.

KEYWORDS: AMH, assisted reproduction, live birth, ovarian reserve, prediction model
Introduction

The prediction of assisted reproduction treatment outcome
has been the focus of clinical research for many years, with
ter ª 2010, Reproductive Healthcare Ltd.
.005
a variety of prognostic models describing the probability of
an ongoing pregnancy or a live birth following treatment. To
date, models have predominantly been established using
patient baseline characteristics and although these models
Published by Elsevier Ltd. All rights reserved.
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have been heterogeneous in their performance they consis-
tently demonstrate that certain patient characteristics are
associated with IVF/intracytoplasmic sperm injection (ICSI)
success, including female age (Bancsi et al., 2000; Bouckaert
et al., 1994; Carrera-Rotllan et al., 2007; Commenges-
Ducos et al., 1998; Hughes et al., 1998; Hunault et al., 2002;
Hull et al., 1996; Lee et al., 2009; Lintsen et al., 2005;
Minaretzis et al., 1998; Ottosen et al., 2007; Stolwijk
et al., 1996; Stolwijk et al., 2000; Templeton et al., 1996;
van Weert et al., 2008; Younis et al., 2009), duration of
infertility (Haan et al., 1991; Lintsen et al., 2007; Younis
et al., 2009), pregnancy history (Lintsen et al., 2007;
Stolwijk et al., 2000; Templeton et al., 1996; van Weert
et al., 2008), diagnostic category (Bancsi et al., 2000;
Lintsen et al., 2007; van Weert et al., 2008) and body mass
index (BMI; Ferlitsch et al., 2004; Verberg et al., 2008).

Alternative models have incorporated the characteristics
of the intermediate results of the first treatment cycle
thereby improving the accuracy of probability estimates
for future cycles. The variables used in these models include
the number of retrieved oocytes (Bouckaert et al., 1994;
Hunault et al., 2002; Verberg et al., 2007), the fertilization
rate and embryo number and quality (Hunault et al., 2002;
Minaretzis et al., 1998; Ottosen et al., 2007; Verberg
et al., 2007). Moreover it has been clearly demonstrated
that in models predicting pregnancy based on intermediate
results (at embryo transfer), the number of retrieved and
fertilized oocytes have the highest prognostic value
(Ferlitsch et al., 2004; Verberg et al., 2007). This suggests
that any marker which can predict the number of retrieved
oocytes prior to ovarian stimulation may be of value in
initial baseline prognostic models (Bancsi et al., 2000;
Carrera-Rotllan et al., 2007; Ferlitsch et al., 2004; Lee
et al., 2009; Ottosen et al., 2007; Younis et al., 2009).

Recent studies have indicated that anti-Müllerian hor-
mone (AMH) may constitute an important novel measure
of ovarian reserve, with the current literature indicating
that AMH is a superior marker for predicting ovarian
response over either age of the patient, day-3 FSH, oestra-
diol or inhibin B levels, whereas the vast majority of studies
have found AMH and antral follicle count to have similar
predictive value (for review, see La Marca et al., 2009).
Consistent with AMH being a strong correlate of oocyte
yield, AMH has recently been proposed as a useful clinical
marker for the prediction of both poor- and hyperresponses
to ovarian stimulation (La Marca et al., 2009). In addition to
reflecting the quantitative ovarian response, several
authors have found a significant positive correlation
between AMH concentrations and oocyte quality (Cupisti
et al., 2007; Ebner et al., 2006; Hazout et al., 2004; Silber-
stein et al., 2006), fertilization rate (Lekamge, 2007) and
embryo morphology (Silberstein et al., 2006). However, this
relationship has not been confirmed by others (Lie Fong
et al., 2008; Smeenk et al., 2007). Hence the possible pre-
diction of qualitative aspects of assisted reproduction pro-
grammes by AMH measurement is largely controversial.

In one large study, AMH was shown to be associated with
live birth independent of age after treatment (Nelson et al.,
2007). More recently a further large cohort study demon-
strated that serum AMH concentrations may predict live
birth in women older than 34 (Lee et al., 2009). The aim
of the present study was to assess whether serum AMH con-
centrations may be incorporated into a prediction model to
enhance the prediction of a live birth in women undergoing
their first IVF. In particular, the objective was to develop a
simple multivariate score based on basal patients character-
istics which was capable of predicting the outcome of the
treatment cycle and to express this in a clean format which
could be easily adopted into daily clinical practice.
Materials and methods

Study population

This study analysed the database containing clinical and lab-
oratory information on IVF treatment cycles carried out at
the Mother–Infant Department of University Hospital,
Modena between 2005 and 2008. These data were collected
prospectively and recorded in the registered database in the
fertility centre in Modena, Italy. Cycles were selected for
analysis if all the following inclusion criteria were satisfied:
(i) first IVF/ICSI attempt; (ii) a normal uterus and regular
uterine cavity; (iii) no previous ovarian surgery; (iv) absence
of severe male factor (defined as sperm count less than
1 · 106/ml or normal forms less than 5% according to World
Health Organization (1999); (v) female age �42; (vi)
absence of recurrent abortion; (vii) absence of antiphospho-
lipid syndrome and any other relevant systemic condition;
(viii) treatment with a long gonadotrophin-releasing hor-
mone (GnRH) agonist protocol; (ix) complete computer-
based patient records on anamnestic, clinical and IVF cycle
characteristics and pregnancy follow-up; and (x) a stored
serum sample taken within 3 months of commencing IVF
suitable for measurement of AMH. All patients had been try-
ing to conceive for at least 12 months and all had undergone
a fertility workup.

The long GnRH agonist protocol (Enantone; Takeda Italia,
Rome, Italy) is based on the administration of leuprorelin on
day 21 of the previous luteal phase of the stimulation cycle.
Recombinant FSH at a dose ranging between 150 and
300 IU/day subcutaneously was commenced on cycle days
2–3 and then the dose was adjusted on days 7–8 according
to the ovarian response. When at least two follicles reached
>18 mm, 10,000 IU of human chorionic gonadotrophin was
administrated intramuscularly and 34–36 h later follicles
were aspirated under patient sedation. Insemination was
performed by standard IVF or ICSI. According to the new
Italian law regulating assisted reproduction treatment, only
three oocytes were fertilized at one time. Light micro-
scopic evaluation established fertilization 14–18 h later.
Cleavage-stage embryo transfers were performed on day 2
or 3 under ultrasound guidance. A serum human chorionic
gonadotrophin pregnancy test was performed 14 days after
retrieval and repeated 7 days later if positive.

Clinical pregnancy was defined as ultrasound visualiza-
tion of a gestational sac with evidence of a fetal heart
and excluded all ectopic and biochemical pregnancies.
Live birth was defined by the birth of at least one live-born
child.

All patients gave written informed consent at the time of
the IVF cycle for both the procedure and for digital record-
ing and the use of laboratory and clinical data related to
their medical history for clinical research purposes.
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AMH assay

Blood samples were taken between 8:00 a.m. and
12:00 a.m. from the cubital vein, in the early follicular
phase prior to any IVF-related drug administration. The
blood was centrifuged at 2000g for 10 min and the serum
was stored in polypropylene tubes at �80�C. Serum AMH
was measured by enzyme-linked immunosorbent assay
(ELISA) using the Beckman Coulter AMH ELISA kit (Immuno-
tech, Marseilles, France). The detection limit of the assay
was 0.14 ng/ml; intra- and inter-assay coefficients of varia-
tion were 12.3% and 14.2%, respectively (conversion factor:
1 ng/ml = 7.14 pmol/l). The immunoassay is specific for
AMH. No cross-reaction was observed with transforming
growth factor b.
Table 1 Baseline patient characteristics.

Characteristic Study population (n = 381)

Age (years) 34.8 ± 4.48
BMI (kg/m2) 24 ± 5.8
AMH (ng/ml) 1.3 (0.03–13.8)
Duration of infertility (months) 34.1 ± 20.2
Type of infertility
Primary 294 (77.2)
Secondary 87 (22.8)

Cause of infertility
Anovulation 82 (21.5)
Tubal factor 57 (15.0)
Unexplained 140 (36.8)
Male infertility 123 (32.4)
Endometriosis 45 (11.8)

Values are mean ± SD, median (range) or n (%).
AMH = anti-Müllerian hormone; BMI = body mass index.
Statistical analysis

The endpoint of the study was to identify factors associated
with live birth and develop a clear model which could be
easily adopted into daily clinical practice. To date, the
majority of prediction models in IVF are represented by
complicated formulae which cannot be used by clinicians.
To facilitate the development of a useful model, although
initial exploratory analysis used all variables as continuous
predictors, age and AMH were subsequently treated as cat-
egorical variables. The age groups were stratified based
upon both the physiological understanding of natural fertil-
ity, whose initial decline begins at 31 years (te Velde and
Pearson, 2002) and the critical age of 37 years recorded as
the pivotal age for success rates in treatment programmes
(Human Fertilisation and Embryology Authority/Society for
Assisted Reproductive Technology). Since its distribution
was found not to be normal, AMH was log transformed.
AMH was then stratified into three classes according to 25th
and 75th centile for its values in the actual infertile popula-
tion (<0.4, 0.4–<2.8 and �2.8 ng/ml). Statistical analyses
involved univariate comparisons between unsuccessful
cycles and those that resulted in live birth. Since live birth
may be influenced by multiple factors, a second set of anal-
ysis was performed using multivariate analysis. The multi-
variate logistic regression analysis with a stepwise
backward selection procedure was used to develop a predic-
tion model for the occurrence of the live birth using Wald
P < 0.05 for entry and P > 0.1 for removal.

The probability of each live birth is given by the equa-
tion P = 1/(1 + e(�p)) where e(�p) indicates that the base of
the natural logarithm (2.718) is taken to the power of p, in
which p is a linear formula derived from the regression
coefficient of the significant variables. To reduce the over-
fit of the developed model, validation was performed by
bootstrapping, hence adjusting the calculated model.
Internal validation with bootstrapping (200 repetitions)
was used to reduce the overfit of the model and to obtain
relatively unbiased estimates. The bootstrap is a general
data-based computational tool that can be used to assign
measures of accuracy to statistical estimates (Steyerberg
et al., 2001). The same multivariate logistic regression
analysis was performed in the 200 data sets and a shrink-
age factor was calculated by analysing the variability of
the models. It was used to correct the final model and
the prediction formula was extracted from the data. To
evaluate the discrimination of the model the area under
the receiver operating characteristic (ROC) curve was cal-
culated. Pearson’s chi-squared goodness of fit test was
used to assess the overall performance of the model. Sta-
tistical analysis was performed by an accredited statisti-
cian of the University of Modena (RD) by using the
software Stata 10 (StataCorp, TX, USA).

Results

A total of 389 patients were selected on the basis of inclu-
sion criteria. Eight cycles were cancelled because of wrong
drug administration, hence 381 patients constituted the
population included in the statistical analysis. Of 381
started cycles, 15 were cancelled during ovarian stimulation
because of excessive ovarian response and 13 because of
absent or insufficient ovarian response. Of the 353 patients
who had an oocyte retrieval, three had no oocytes retrieved
and three had no fertilization; consequently, 347 patients
had an embryo transfer procedure.

Baseline and cycle characteristics of patients are
described in Tables 1 and 2, respectively. As expected,
the main indications for treatment were unexplained and
moderate male factors, with more than one cause identified
in 17.5% of couples.

Of the cohort, 101 of 381 women (26.5%) achieved a
live birth. Univariate and multivariate logistic regression
was used to examine the association of live birth with
baseline patient characteristics, in particular age, AMH,
BMI and type, duration and aetiology of infertility. Univar-
iate analysis revealed statistically significant decreasing
odds of live birth for increasing age and decreasing AMH
irrespective of whether they were treated as continuous
or predestined categorical variables (Table 3). No associa-
tion with live birth was observed for BMI or duration, type
or cause of infertility. Analyses in multiple logistic regres-
sion models incorporating all predictors confirmed the
independence of age and AMH in the prediction of live
birth (Table 3).
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The analysis indicated that women in the age categories
31–37 and >37 had a chance of live birth decreased by
39% and 64%, respectively, when compared with women
younger than 31 years. Similarly women with AMH concen-
trations of 0.4–<2.8 ng/ml and <0.4 ng/ml had a chance
of live birth decreased by 44% and 86%, respectively,
when compared with women with AMH concentrations
�2.8 ng/ml. To examine the validity of the regression
model, the analysis was repeated on randomly selected subs-
amples and the reported results were confirmed by signifi-
cance. Given that only AMH and age were demonstrated in
univariate and multivariate analysis to predict live birth, a
logistic regression model solely based on these two criteria
was generated.

The probability for live birth depending on AMH and age
can be calculated by the formula:

Pðlive birthÞ

¼ expð�2:88þ1:38� lnAMH1�2þ1:96� lnAMH3þ1:01�age<31þ0:52�age31�36Þ
1þexpð�2:88þ1:38� lnAMH1�2þ1:96� lnAMH3þ1:01�age<31þ0:52�age31�36Þ

In order to evaluate whether the correlation existing
between AMH and live birth was explained by the correla-
tion existing between AMH and the number of retrieved
oocytes, this was analysed by univariate and multivariate
logistic regression. Although univariate analysis revealed
statistically significant increasing odds of live birth for
increasing number of oocytes (odds ration (OR) 1.06, 95%
confidence intervals (CI) 1.01–1.1, P < 0.05), this was not
statistically significant in the multivariate analyses and
was therefore excluded from the model.

The discrimination ability of the model was assessed by
determining the area under the ROC curve (AUC) and was
0.66 (95% CI 0.61–0.72) (Figure 1), which was significantly
higher than the ROC curves of both AMH and age (ROCAUC

AMH 0.57, 95% CI 0.52–0.61, P < 0.05 and ROCAUC age 0.55,
95% CI 0.52–0.59). At the best cut-off, the model permitted
the identification of live birth with a sensitivity of 79.2%,
specificity of 44.2% and the patients correctly classified
were 53.5% (likelihood ratio, LR+ 1.42, LR� 0.46).

Assessment of the fit of the model was undertaken by
Pearson’s chi-squared, which confirmed that the model fit-
ted well (P = 0.55). Table 4 demonstrates the predicted
chance of a live birth versus observed live birth, with the
difference in predicted and observed being <0.5%, which
indicates a good calibration of the predictive model.

In order to facilitate the practical use of this model,
a single three · three table was developed. By cross-
tabulating any given patient’s age with their AMH concen-
tration, the probability of the live birth following IVF may
be easily calculated (Table 5). According to the table, a
woman aged 31–37 years and with serum AMH of
0.4–2.8 ng/ml has a 27% probability of achieving a live birth
with a CI varying from 0.21 to 0.35.
Discussion

A number of factors have been reported as influencing the
success of IVF either positively or negatively. A model which
incorporates accurate estimates of the strength and inde-
pendence of each factor in increasing or decreasing live
birth rate would inevitably improve the advice underlying
patient counselling on the basis of individualisation of like-
lihood of success. Furthermore, identification of patient
characteristics which are directly linked with IVF outcome
should enable individualisation of treatment strategies
ensuring optimal outcomes even in first treatment cycles.
To date, several models for the prediction of pregnancy
after IVF have been proposed; however, few have been
externally validated (Hunault et al., 2002; Stolwijk et al.,
1996; Templeton et al., 1996) and only two have reported
on live birth (Minaretzis et al. 1998; Templeton et al.,
1996). With respect to models examining characteristics of
patients which were available prior to treatment, female
age has consistently been shown to be associated with IVF
success. All other characteristics such as BMI, type of
infertility (primary or secondary) and the diagnosis underly-
ing the infertility have been found to be predictive of
success in some but not all predictive models. Maternal
age has also been strongly associated with outcome, even
in models where the outcome of that first cycle, including
oocyte yield, has been available for analysis. In accordance
with these previous models, it is demonstrated here that
among basal anamnestic characteristics only female age is
strongly associated with live birth and warrants inclusion
in the predictive model of live birth following IVF. No asso-
ciations with cause, duration or type of infertility were
observed. Although these observations differ from much his-
torical data, which may reflect the limited size of the
cohort, it may also indicate an overall improvement in
treatment success rates with use of ICSI for male factor
and optimisation of concurrent medical conditions prior to
the treatment cycle. Consistent with this there is a marked
improvement in overall live birth success rates in the
current study despite the limits on oocyte insemination
compared with the major historical series (26.5% versus
13.9%; Templeton et al., 1996).

The current study clearly demonstrates that AMH, a bio-
marker of ovarian reserve, is significantly associated with
live birth and that this association is independent of age.
Furthermore, it is demonstrated that a composite model
of AMH and age can predict the probability of live birth fol-
lowing the first IVF/ICSI treatment cycle. Notably AMH was
measured on stored samples taken prior to the IVF cycle
and therefore knowledge of AMH values could not have
altered clinical management and thereby model perfor-
mance. Several existing studies have investigated the role
of markers of ovarian reserve in the prediction of IVF suc-
cess. Many of these studies frequently adopted FSH as a
marker of ovarian reserve, globally reporting a positive role
for its inclusion in the model (Bancsi et al., 2000; Ferlitsch
et al., 2004; Ottosen et al., 2007; Younis et al., 2009). As far
as is known, only a few studies have positively investigated
other markers of ovarian reserve such as antral follicle
count (Carrera-Rotllan et al., 2007; Lee et al., 2009;
Maseelall et al., 2009; Younis et al., 2009) or AMH (Lee
et al., 2009; Nelson et al., 2007). Despite the heterogeneity
in choice of marker, all studies have concluded that inclu-
sion of an ovarian reserve marker may improve the predic-
tion of live birth. Notably, AMH is a better predictor of
response to ovarian stimulation than FSH and equivalent
to that of antral follicle count, and therefore may be an
optimal secondary basal characteristic for the prediction
of live birth.



Table 2 Outcome characteristics of the patient cohort.

Characteristic Study population
(n = 381)

Age at stimulation (years) 34.8 ± 4.48
Duration of stimulation (days) 12.8 ± 2.8
Total FSH dose (IU) 2624 ± 750
Oocytes per patienta 8.5 ± 5.1
Inseminated oocytes per patient 2.8 ± 0.59
Embryo transfers performed 347 (91.1)
Embryos transferred

0b 34
1 8
2 83
3 256

Clinical pregnancies per started
cycle

127 (33.3)

Live births per started cycle 101 (26.5)

Values are presented as mean ± SD or n (%).
aPatients reaching oocyte retrieval = 353.
bNo transfer includes women who either had the cycle cancelled
due to failure of response to gonadotrophin (n = 13), excessive
response (n = 15), no oocytes at the retrieval (n = 3) or no fertil-
ization (n = 3).
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Figure 1 Receiver operating characteristic curve for the live
birth prediction model. The discrimination ability of the model
was assessed by determining the area under the curve and was
0.66 (95% CI 0.61 to 0.72). At the best cut-off, the model
permitted the identification of live birth with a sensitivity of
79.2%, specificity of 44.2% and the patients correctly classified
were 53.5%.
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Regarding AMH, the prediction of qualitative aspects of
assisted reproduction programmes by its measurement is
largely controversial. This is also evident from studies
Table 3 Association between live birth and predictive v

Variables Live births per patient Univar

Age (years)
<31 30/70 (42.9) Refere
31–37 48/172 (27.9) 0.52 (

>37 23/139 (16.5) 0.26 (

BMI (kg/m2)
<26 60/224 (26.8) Refere
26–30 32/120 (26.7) 1 (0.9

>30 9/37 (24.3) 0.88 (

AMH (ng/ml)
�2.8 29/67 (43.3) Refere
0.4–<2.8 69/270 (25.6) 0.45 (

<0.4 3/44 (6.8) 0.1 (0

Duration of infertility 0.99 (

Type of infertility
Primary 75/294 (25.5) Refere
Secondary 26/87 (29.9) 1.24 (

Cause of infertility
Anovulation 22/82 (26.8) 1.02 (
Tubal factor 14/57 (24.6) 0.89 (
Unexplained 39/140 (27.9) 1.11 (
Male infertility 32/123 (26.0) 0.98 (
Endometriosis 9/45 (20.0) 0.66 (

Values are n/total (%).
Univariate analysis revealed statistically significant decreasing
irrespective of whether they were treated as continuous or p
AMH = anti-Müllerian hormone; BMI = body mass index; NS = no
reporting on the pregnancy rate following IVF. A number
of authors have tried to identify an absolute concentration
value for AMH that is able to distinguish between pregnancy
and non-pregnancy (Elgindy et al., 2008; Eldar-Geva et al.,
ariables of treatment outcome measured at baseline.

iate OR (95% CI) P-value Multivariate OR (95% CI)

nce 0.0002 Reference
0.29–0.92) 0.61 (0.34–1-12)

0.14–0.51) 0.36 (0.18–0.72)

nce NS –
9–1.00)

0.6–1.829

nce 0.00004 Reference
0.26–0.78) 0.56 (0.31–0.99)

.03–0.349) 0.14 (0.04–0.51)

0.98–1.00) NS –

nce NS –
0.73–2.11)

0.59–1.77) NS –
0.46–1.70) NS –
0.70–1.78) NS –
0.60–1.59) NS –
0.31–1.43) NS –

odds of live birth for increasing age and decreasing AMH
redestined categorical variables.
t statistically significant.



Table 4 Expected chance of a live birth versus observed live birth, with the difference in
predicted and observed <0.5% indicating a good calibration of the predictive model
(Pearson chi-squared goodness-of-fit test).

Covariate
patterns

Probabilitya Live birth No live birth Total

Observed Expected Observed Expected

1 0.0531 1 1.4 26 25.6 27
2 0.0865 1 1.3 14 13.7 15
3 0.1336 1 0.3 1 1.7 2
4 0.1824 18 18.4 83 82.6 101
5 0.2734 36 35.0 92 93.0 128
6 0.2861 4 3.1 7 7.9 11
7 0.3800 15 15.6 26 25.4 41
8 0.4035 11 11.7 18 17.3 29
9 0.5242 14 14.2 13 12.8 27

Number of observations = 381; Pearson chi-squared (4) = 3.02; probability > chi-squared =
0.5552.
aProbability of live birth for the specific covariate pattern.

Table 5 Probability (95% CI) of live birth after IVF according to age and AMH.

Age (years) AMH (ng/ml)

<0.4 0.4–<2.8 �2.8

<31 0.13 (0.04–0.36) 0.38 (0.26–0.51) 0.52 (0.38–0.67)
31–37 0.09 (0.02–0.24) 0.27 (0.21–0.35) 0.40 (0.28–0.54)
>37 0.05 (0.01–0.16) 0.18 (0.12–0.26) 0.29 (0.17–0.44)

Probability of live birth was obtained by using the parameters estimated from the logistic model:

Pðlive birthÞ ¼ expð�2:88þ 1:38 � lnAMH1�2 þ 1:96 � lnAMH3 þ 1:01 � age<31 þ 0:52 � age31�36Þ
1þ expð�2:88þ 1:38 � lnAMH1�2 þ 1:96 � lnAMH3 þ 1:01 � age<31 þ 0:52 � age31�36Þ
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2005; Hazout et al., 2004; Kwee et al., 2008; Nelson et al.,
2009a). However, the majority of them indicated that AMH
measurement is not useful for predicting this end-point
(Ebner et al., 2006; Fanchin et al., 2003; Fiçicioglu et al.,
2006; Kwee et al., 2008; Nelson et al., 2009b; Peñarrubia
et al., 2005; Smeenk et al., 2007; Van Rooij et al., 2002).
Consistent with a non-discriminative point, a large prospec-
tive cohort study of 340 patients, relating serum AMH con-
centrations to the live birth rate following IVF,
demonstrated a positive association of live birth and basal
AMH, with improved predictability compared with basal
FSH (Nelson et al., 2007). Furthermore, a very recent pro-
spective study of 336 patients undergoing their first IVF
cycle has clearly demonstrated that among the ovarian
reserve tests, AMH and female age had a greater area under
the ROC curve than FSH in predicting live birth (Lee et al.,
2009). In that cohort, AMH and age were the sole predictive
factors of live birth for women � 35 years, with only the
number of good-quality embryos predicting live birth in
women < 35 (Lee et al., 2009). However, it is important
to note that prior to stimulation only AMH and age would
be available to counsel patients, and that AMH and oocyte
yield, and thereby embryo number, are intrinsically linked
(La Marca et al., 2009). The present study therefore has
substantial benefits as it demonstrates a strong predictive
performance of AMH for live birth at all female ages, per-
mitting the construction of a model based on only two
parameters, namely age and serum AMH concentrations.
Furthermore, analysis of the goodness of fit-test (Table 4)
demonstrated that the model correctly fits the data.

A further substantive difference between the current
study and that by Lee et al. (2009) is the number of trans-
ferred embryos, with Lee reporting a mean of 3.9 embryos
transferred in women aged <35 and 3.1 in women aged �35,
reflecting differences in policy between Taiwan and Italy.
Of course, young women produce a high number of oocytes
and embryos, hence permitting selection of embryos for
transfer. The transfer of a high number of good-quality
embryos may be sufficient to overcome a possible influence
of any factor on the success of IVF. This seems to be dem-
onstrated by the fact that in the study by Lee, the live birth
in women <35 is predicted only by the number of good-
quality transferred embryos whereas AMH and age predicted
live birth in older women (for whom a reduced number of
embryos is usually available). More importantly, the current
study has been performed according to the Italian law
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regulating assisted reproduction, which limits the number of
inseminated oocytes to three and thus reduces the number
of embryos that may be generated for each patient. This of
course is a limitation for young women who generally pro-
duce a high number of oocytes and for whom selection of
the optimal embryos for transfer cannot be performed. This
particular policy, however, has permitted for the first time
to gain information regarding success of IVF independent of
the selection of embryos. Consequently in this study, AMH
has been shown to predict the chance of success in both
younger and older women. Interestingly, analysis of
whether AMH predicted live birth independently of a corre-
lation with oocyte yield was performed by inclusion of
oocyte yield in the model. When the number of retrieved
oocytes was excluded from the model, AMH and age were
the only predictors of live birth. This suggests that AMH
may somehow be linked not only to the quantity but also
to quality of female gametes.

The area under the ROC curve of the model was found to
be significantly higher than either age or AMH alone. How-
ever it should be highlighted that the model does not seem
to have an optimal discriminative performance (ROCAUC

0.66). In practical terms, this may mean that differences
are not large enough for practitioners to counsel their
patients in terms of chance for live birth. It should be
emphasized that the predictive power is relatively limited.
This can be explained by the fact that the spectrum of dis-
ease is narrow in couples undergoing IVF, i.e. the test sam-
ple includes a strong overlap between couples who conceive
and couples who failed to conceive. Rather than ROC curves
which are primarily designed for diagnostic models (Cook
(2008)), the predictive accuracy of a prognostic model can
be expressed by calibration and discrimination (Harrel
et al., 1996). Discrimination does not reflect the accuracy
of a model and its clinical significance is poor. Calibration
on the other hand is an important parameter reflecting
the accuracy of prediction. Calibration is evaluated by
accessing the level of correspondence between the calcu-
lated pregnancy probabilities and the observed proportion
of pregnancies. Well-calibrated models are able to classify
individuals into clinically useful prognostic strata on the
basis of the calculated probabilities of a pregnancy with
or without treatment. This is illustrated by the external
validation of the Templeton model (Smeenk et al., 2000)
for the prediction of pregnancy after IVF. The model dif-
ferentiates between couples with low and high probability
of success despite its limited discrimination between
couples with or without success (Smeenk et al., 2000).
In contrast to relatively poor discrimination, the calibra-
tion of the model was found to be good (Table 4). The
importance of discrimination and calibration depends on
the clinical application of the model. This model is
intended to counsel couples, thus the accuracy of the
numeric probability (calibration) is important. Patients
are not concerned about how their chance is relative to
other couples (discrimination); instead, they want to know
the absolute likelihood that they will get pregnant within
the IVF cycle. Consequently the clinical aim of the model
is to differentiate between couples with either a poor or
good prognosis.

The use of AMH may be proposed as a diagnostic test to
inform the patients about their chance in assisted reproduc-
tion treatment, allowing adjustment to the already useful
information derived from patient age. According to the
model presented here, the patients with low basal AMH con-
centrations have a low chance of success, especially if they
are older than 37 (predicted probability of live birth 5%).

If further substantiated, this information has extensive
applications for patientsmaking informeddecisions, focusing
adaptive research and also treatment funding bodies.
Whether an expected live birth rate of 5% would be consid-
ered as acceptable in a public state-funded centre is not
clear, but this information will allow the debate to take place
on a firm footing. Conversely, older women with high AMH
concentrations may be considered as having an enhanced
qualitative and quantitative ovarian reserve. Furthermore,
given that the predicted live birth rate is approximately two-
fold higher than that for young women with a low AMH, pro-
vision of funding to this group would potentially be
worthwhile and contrary to current dogmawhere age primar-
ily dictates access to assisted conception services.

Although it is practically impossible to predict the indi-
vidual chance of a live birth in a couple accurately, prognos-
tic models can help to address these matters in a more
objective way. They can also act as a convincing tool in indi-
vidual counselling for both patients as well as physicians.
However, it remains to be seen how many patients refrain
from treatment if their prognostic chance is poor. Before
the model can be used in the clinical setting, external vali-
dation should be performed. Although external validation of
some prediction models have resulted in a lower predictive
performance (Stolwijk et al., 1998), others have demon-
strated a good predictive potential in other populations
(Hunault et al., 2007).

In conclusion, the present study demonstrates that in the
prediction of a live birth following IVF, a distinction, how-
ever moderate, can be made between couples with a good
and a poor prognosis. The success of IVF was found to mainly
depend on maternal age and serum AMH concentrations,
one of the most relevant and valuable markers of ovarian
reserve.
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