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Abstract
Purpose To identify the independent predictors of live birth
following IVF, and to assess the role of cohort-specific
parameters, including antral follicle count (AFC), the number
of oocytes retrieved, the total number of embryos, and the total
number of good-quality embryos, in fresh IVF cycles.
Methods A retrospective cohort study of 2,525 infertile
women undergoing IVF between 2002 and 2007. The
hypothesis that the number and quality of embryos transferred
capture the effects previously attributed to cohort-specific
variables was examined using mediation analysis and spline
analysis. Independent predictors were identified by a
bootstrap algorithm. Multivariable logistic regression was
performed and the proportion of explained variation was
measured to compare the relative importance of transfer-
specific vs. cohort-specific predictors.

Results The number of good-quality embryos transferred and
progesterone level on the day of hCG administration ranked as
the two most important predictors of live birth. Prospects of
pregnancy started to decrease after progesterone level exceeded
0.6 ng/ml. The achievement of live birth in a fresh IVF cycle is
primarily determined by the number and quality of embryos
transferred, rather than by embryo cohort-specific variables.
Conclusions The associations between cohort-specific
variables and live birth in a fresh IVF cycle are completely
mediated by the quality of embryos transferred. Progesterone
level on the day of hCG administration is an independent
predictor of pregnancy and merits further investigation.
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Introduction

Since the advent of IVF, many studies have been performed to
search for predictors of IVF outcomes. Some have focused on
factors predicting pregnancy after fresh embryo transfer [1],
whereas others have focused on predicting the cumulative
outcome of a completed IVF cycle, which includes a fresh
cycle and/or subsequent frozen cycles [2]. Very few previous
works have examined whether predictors of cumulative
outcome still retain their predictive value in a fresh cycle or
vice versa. Such uncertainty may contribute to the conflicting
conclusions in the existing literature, even for the most
recognized prognostic factors, such as embryo quality.

Cai et al. found that the size and quality of the embryo cohort
are the strongest predictors of cumulative outcome in a
completed treatment cycle [2]. Jun et al. concluded that embryo
cohort-specific variables are more informative than any
measures of individual transferred embryos in a fresh cycle
[3]. Many studies have ignored the effects of the number and
quality of embryos transferredwhen investigating the prognostic
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values of cohort-specific parameters including antral follicle
count (AFC), the number of oocytes retrieved, the total number
of embryos, and the total number of good-quality embryos, in
predicting the IVF outcomes of fresh cycles [1, 3–9].

In a typical IVF cycle, controlled ovarian hyperstimulation
(COH) is used to produce a large number of eggs with the intent
of creating a cohort of embryos for both fresh transfer and
subsequent frozen cycles. The current practice is to transfer no
more than two or three embryos in a fresh cycle to minimize the
risk of multiple gestation. This leads to an important question:
Does the quality of all embryos from a stimulated cycle contribute
to a successful preganancy in a fresh IVF cycle, or only that of
those actually transferred to the woman’s uterus in that cycle?

Randomized studies revealed that double embryo transfer
(DET) led to significantly higher pregnancy prospects than
single embryo transfer (SET) [10–12] and hereby established
the causal relationship between the number and quality of
embryos transferred and pregnancy after fresh embryo transfer.
Our recent study has shown that the association between the
number of oocytes retrieved and pregnancy after fresh embryo
transfer was mediated entirely by the number and quality of
embryos transferred. When similarly-aged patients have the
same number and quality of embryos transferred, their chances
of success have no correlation with the number of eggs
retrieved [13]. Thus, it is reasonable to hypothesize that
cohort-specific parameters have no direct effects on IVF
outcomes in fresh cycles, only indirect effects mediated by
the number and quality of embryos transferred. Understanding
this relationship may aid in making more informed decisions
on ovarian stimulation protocols and embryo transfer
strategies, especially when there is a trend to suggest that the
best outcome could be reached by tuning the number of
oocytes retrieved via specified ovarian stimulation [8, 9]. In
addition, there is still much debate as to the contribution of
other factors, such as serum progesterone level on the day of
human chorionic gonadotropin (hCG) administration, as
independent predictors of IVF outcomes [14, 15].

In view of these issues, the present work utilized data from a
large cohort of patients [2] to identify the independent
predictors of live birth in a fresh IVF cycle. Specifically, the
study intended to clarify the role of cohort-specific parameters
including AFC, the number of oocytes retrieved, the total
number of embryos, and the total number of good-quality
embryos, in pregnancy prognosis after fresh embryo transfer,
and to verify the status of potential predictors still under debate.

Materials and methods

Patient population

We retrospectively studied the first fresh cycles of 2,525
patients undergoing IVF/ICSI at the Center for Reproductive

Medicine at the Women and Children’s Hospital of
Guangdong Province, P. R. China between January 2002
and December 2007. Because of the retrospective nature of
this study and the fact that there were no interventions other
than standard IVF preparation and treatment, this study was
exempt from Institutional Review Board approval. Cycles
with the following characteristics were excluded from this
analysis: cycles arising from oocyte or sperm donation,
in vitro maturation, unstimulated cycles, cycles utilizing
frozen embryos, and cycles that did not lead to embryo
transfer. In addition, patients with blastocyst embryo transfer
(n =80) were also removed from consideration because the
blastocyst embryo grading system is not comparable to that of
day-3 embryos.

In vitro fertilization

The IVF procedures employed in our IVF unit have been
described elsewhere [2]. Briefly, all female partners
underwent COH with gonadotropins, usually in concert with
down regulation with gonadotropin-releasing hormone
(GnRH) agonist (n =2439) or, in a few cases, with GnRH
antagonist (n =86). Hormonal measurement of oestradiol,
luteinizing hormone (LH), and progesterone, along with
ultrasound assessment of follicular growth and endometrium
were performed at the initiation of stimulation, on day 5, and
on day 8 of stimulation, and then daily up to and including the
day of hCG administration. Final oocyte maturation was
achieved with 10,000 IU of hCG after three or more follicles
reached a mean diameter of 18 mm. Transvaginal oocyte
retrieval was performed 34–36 h later. After routine IVF/
ICSI procedure, embryos were cultured in Quinnes sequential
culture media and placed in a CO2 incubator.

Embryo quality was assessed morphologically by
considering the number of blastomeres, day of transfer, and
the degree of fragmentation. Good-quality embryos were
defined as those with a normal cleavage rate (4 cells on day
2 and 6–8 cells on day 3) and <20 % fragmentation [4, 16]. In
accordance with the Code of Practice for Assisted
Reproductive Technology formulated by the Ministry of
Health of P. R. China, a maximum of three embryos were
transferred on either day 2 or day 3. Two days following
retrieval, 20–40 mg progesterone in oil was given for luteal
support.

Progesterone measurement

Serum progesterone level was measured on the day of hCG
administration. Samples were tested with radioimmunoassay
(Tianjin Depu Diagnostic Product Co.). The intra-assay and
interassay coefficients of variation were 7.0 % and 9.6 %,
respectively. The sensitivity for progesterone was 0.1 ng/ml,
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and the range of measurement was 0.1–40 ng/ml. This assay
was used for the duration of the study.

Outcome measures

A live birth was defined as any birth event in which at least
one baby was born alive and survived for more than 1 month.

Statistical analysis

A restricted cubic spline analysis was used to explore the
functional forms of the relationships between live birth and
important covariates including maternal age, duration of
infertility, AFC, oestradiol level on the day of hCG
administration, progesterone level on the day of hCG
administration, endometrial thickness, the number of oocytes
retrieved, the total number of embryos, and the total number of
good-quality embryos.

Mediation analysis was implemented in order to test the
hypothesis that the quality of embryos transferred completely
mediates the association between live birth in fresh cycles and
the following cohort-specific parameters: AFC, the number of
oocytes retrieved, the total number of embryos, and the total
number of good-quality embryos [17, 18]. The complete
mediation model predicts that cohort-specific variables
influence the “mediator”, i.e., the quality of embryos
transferred, which in turn influences live birth in fresh cycles.
However, there is no direct causal relationship between
cohort-specific variables and IVF outcomes in fresh cycles.
Complete mediation is established when after controlling for
the quality of embryos transferred, a woman’s chance of
pregnancy in a fresh cycle is not associated with the cohort-
specific variables.

We used a two-step regression analysis to test our
mediation hypothesis [18]. First, we modeled the outcome
variable, live birth, against each of the cohort-specific
independent variables (separately). This step tested whether
the cohort-specific variables have any effect (indirect plus
direct effects) on live birth. Second, we regressed the live
birth outcome variable against both the cohort-specific
independent variable and the proposed mediator: the quality
of embryos transferred. This step tested whether any direct
effect of cohort-specific variables remains after controlling for
the mediator. We used the number of embryos transferred and
the number of good-quality embryos transferred as a proxy for
the quality of embryos transferred. Because morphology may
inadequately measure true embryo quality, and because
embryos from younger women tend to be better than those
from older women even when the embryo morphology grades
are same [19], we included age along with the two mediator
variables as a separate scenario. Thus, for each cohort specific
variable, three logistic regressions were implemented. To
examine the robustness of the conclusion against possible

confounding, we performed a sensitivity analysis by adjusting
for several covariates (progesterone level, oestradiol level,
endometrial thickness, and LH level on hCG day, plus basal
oestradiol level and duration of infertility) in the three
regression models. Under our hypothesis of complete
mediation, we expected to observe significant effects for the
cohort-specific variables in the first models (with no
mediators), but non-significant effects in the second models
where we controlled for the quality of embryos transferred.

A bootstrap variable selection algorithm was used to
construct the final prediction model [20]. We generated 5000
bootstrap samples of the same size from the original data.
Within each bootstrap sample, we performed stepwise logistic
regression with thresholds of p =0.10 for selection and
variable elimination. Predictors present in at least 3250 runs
(65 %) were entered in a final logistic regression model using
the full original data. Relative importance of the predictors
retained in the final model was compared using the proportion
of explained variation (PEV), commonly known as R-squared
[21, 22]. Marginal PEV measures the explained variation
contributed individually by a predictor and partial PEV
measures the decline in the explained variation after removing
a predictor from the full prediction model.

The statistical analyses and plotting graphics were
performed using the SAS 9.2 statistical package (SAS Inc.,
Cary, NC) and R statistical package (www.r-project.org).

Results

Characteristics of the 2,525 patients by live birth are shown in
Table 1. The average age of the patients was 31.2±4.0 years.
The primary indication for infertility was tubal factor
(55.29 %) and conventional IVF was used in the majority of
cycles (66.50%). For patients in the four age groups (<28, 28–
30, 31–34, ≥35), the mean number of embryos transferred was
2.2±0.5, 2.3±0.5, 2.2±0.5, and 2.7±0.6, respectively, and the
mean number of good-quality embryos transferred was 1.7±
0.7, 1.7±0.7, 1.7±0.7, and 1.8±1.1, respectively. The overall
live birth rate per transfer was 37.8 %.

The results of the spline analysis are presented in Figs. 1
and 2. The chance of live birth rose with increasing oestradiol
level up to 3,500 pg/ml but steadily declined afterwards
(Fig. 1a). There was clearly an increasing trend in live birth
with increasing endometrial thickness (Fig. 1b). The chance of
achieving a live birth decreased as age and duration of
infertility increased (Fig. 1c and d), and in particular, there
was more rapid decline after age 35. Figure 1e reveals a
decreasing trend in the odds of achieving a live birth with
increasing progesterone level on the day of hCG injection
after the threshold point of 0.6 ng/ml.

Figure 2 demonstrates that there are similar non-linear
trends in the associations between live birth, and AFC, the
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number of oocytes retrieved, the total number of embryos, and
the total number of good-quality embryos. The chance of
achieving a live birth initially rose with increasing number
of each of these four cohort-specific variables, but then

plateaued, indicating that these variables have no association
with pregnancy once they are greater than the threshold levels,
(e.g. 10 oocytes retrieved or three good-quality embryos
available) as shown by the horizontal line within the 95 %

Table 1 Patient and Cycle
Characteristics by Live Birth

a Pearson Chi-square
b Two sample T test
c Two sample Wilcoxon test

Variables Live birth Not live birth P-value
(n =880) (n =1645)

Protocol

Long protocol 630(71.59 %) 1047(63.65 %) <0.0001a

Short protocol 218(24.77 %) 544(33.07)

GnRH antagonist protocol 32(3.64 %) 54(3.28)

Insemination method

IVF 603(68.52 %) 1076(65.41 %) 0.345a

ICSI 238(27.04 %) 489(29.73 %)

50%IVF-50%ICSI 39(4.43 %) 80(4.86 %)

Diagnosis of infertility

Tubal factor 507(57.61 %) 889(54.04 %) 0.160a

Male factor 175(19.89 %) 349(21.22 %)

Endometriosis 25(2.84 %) 49(2.98 %)

Ovarian factor 23(2.61 %) 75(4.56 %)

Unexplained 49(5.57 %) 102(6.20 %)

Other reasons 101(11.48 %) 181(11.0 %)

Type of infertility

Primary infertility 445(50.57 %) 796(48.42 %) 0.303a

Secondary infertility 435(49.43 %) 848(51.58 %)

Age(year) 30.61±3.68 31.62±4.17 <0.0001b

Antral follicle count 10(1–45) 9(1–40) <0.0001c

Body mass index(kg/m2) 20.98±2.90 21.16±2.81 0.142b

Basal serum FSH level (mIU/ml) 6.40±1.96 6.46±2.71 0.531b

Basal serum E2 level (pg/ml) 36.82±27.57 37.48±20.53 0.496b

Duration of infertility (year) 4(0.1–17) 4.5(0.4–20) <0.0001c

Mean ovarian volume(cm3) 5.55±2.53 5.48±2.92 0.533b

Total ovarian volume(cm3) 11.10±5.06 10.95±5.84 0.533b

E2 on hCG injection day(pg/ml) 3045.20±1709.81 3138.55±1912.16 0.226b

Progesterone on hCG injection day(ng/ml) 1.10±0.63 1.28±0.75 <0.0001b

LH on hCG injection day(mIU/ml) 1(0.2–19) 1.1(0.2–13.10) 0.500c

E2 on the day after hCG injection (pg/ml) 3752.90±2059.67 4103.82±2416.70 0.001b

Number of follicles[10,14 mm) 3(0–17) 3(0–27) 0.367c

Number of follicles[14,18 mm) 7(0–22) 6(0–21) 0.285c

Number of follicles ≥18 mm 3(0–11) 2(0–13) 0.077c

Number of follicles <10 mm 6(0–30) 5(0–25) 0.001c

Number of follicles≥14 mm 9(1–27) 9(1–29) 0.106c

Endometrial thickness(mm) 11.13±5.15 10.37±2.09 <0.0001b

Number of oocytes retrieved 14.74±6.50 14.25±6.85 0.082b

Number of oocytes fertilized 11.99±5.93 11.23±5.98 0.088b

Fertilization rate 0.74±0.20 0.69±0.22 <0.0001b

Number of embryos transferred 2.30±0.48 2.31±0.55 0.201b

Number of good-quality embryos transferred 1.84±0.67 1.60±0.86 <0.0001b

Total number of embryos 10.35±5.39 9.37±5.56 <0.0001b

Total number of good-quality embryos 5.14±3.51 4.26±3.72 <0.0001b
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confidence bands. The chance of achieving a live birth
stopped rising when the total number of good-quality embryos
was greater than three (Fig. 2b), which is the maximum
number of embryos allowable for replacement in our data. In
particular, the cutoff of 10 oocytes and the cutoff of three
good-quality embryos approximately reflect the fact that on
average, 50 %–75 % of the eggs will fertilize and half of the
fertilized eggs will develop into embryos of sufficient quality
to transfer or freeze.

Table 2 reports the mediation analyses. All four cohort-
specific variables had highly significant associations with live
birth (P <0.05) when the number and quality of embryos
transferred were not included in the model. In particular, for
each of the four variables, the medium-yield and high-yield
groups had significantly higher chances of achieving a live
birth than the low-yield group. However, once we controlled
for the number and quality of embryos transferred and
maternal age, there was no longer a significant association
between prospects of pregnancy, and the number of oocytes

retrieved, the total number of embryos, and the total number
of good-quality embryos (P >0.1). In fact, the odds ratios were
all close to 1, suggesting no practical differences in the chance
of live birth among the three groups (low-, medium- and high-
yield group). In contrast, AFC had a marginally significant
association with pregnancy even after controlling for the
number and quality of embryos transferred (P <0.1),
However, it also became non-significant once we controlled
for maternal age. The sensitivity analysis produced similar
results (data not shown).

Nine variables were selected in at least 65 % of 5000
bootstrap samples: 1) the number of good-quality embryos
transferred (100 %); 2) progesterone level on the day of hCG
administration (100%); 3) endometrial thickness on the day of
hCG administration (100 %); 4) maternal age (99 %); 5)
oestradiol level on the day of hCG administration (94 %); 6)
LH level on the day of hCG administration (79 %); 7) basal
oestradiol level (78 %); 8) duration of infertility (67%); and 9)
the number of embryos transferred (65 %).
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Fig. 1 a Restricted cubic spline curve and 95 % confidence levels
between oestradiol level on the day of hCG administration and log odds
of live birth; b Restricted cubic spline curve and 95 % confidence levels
between endometrial thickness on the day of hCG administration and log
odds of live birth; c Restricted cubic spline curve and 95 % confidence
levels between maternal age and log odds of live birth; d Restricted cubic

spline curve and 95 % confidence levels between duration of infertility
and log odds of live birth; e Restricted cubic spline curve and 95 %
confidence levels between progesterone level on the day of hCG
administration and log odds of live birth; the threshold point at 0.6 ng/
ml is plotted
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The following statistics from the multivariable prediction
model are listed in Table 3: p -values, odds ratios with
corresponding 95 % CIs, and relative importance of nine
predictors in terms of marginal and partial PEVs. The
marginal PEV for the number of good-quality embryos
transferred was 3.57 % and partial PEV was 1.89 %, both of
which were significantly higher than the corresponding PEVs
of the other eight predictors (P <0.05).

Discussion

This retrospective study identified nine independent
predictors of live birth in a fresh IVF cycle. The number of
good-quality embryos transferred and progesterone level on
the day of hCG administration were the two most important
predictors. Moreover, our study also supports the hypothesis
that the associations between live birth in a fresh IVF cycle
and cohort-specific variables are completely mediated by the
quality of embryos transferred.

The age-related decline in fertility, as shown in this study and
many others, is generally believed to be due to a decrease in
oocyte quality and quantity [23]. However, in the present study,
women older than 35 years old had, on average, slightly more
embryos transferred and more morphologically good-quality
embryos transferred in fresh cycles than younger women.
Some studies have found that the success of donor egg therapy
is unaffected by recipient age up to the later 40s, which suggests
that the decrease in endometrial receptivity may not be a major
factor in age-related decline in fertility [24–26]. Thus, the sharp
decline in the chance of achieving a live birth after age 35
suggests that poor embryo quality is the primary reason for the
age-related decline in fertility, and that embryo morphology may
not be a consistent measure of true embryo quality, with poorer
performance for women older than 35 years old [2]. Despite this
inadequacy, the number of good-quality embryos transferred, as
assessed by morphological score, still possessed the highest
predictive value among all predictors identified in this study.

The prognostic value of cohort-specific variables has been
studied extensively. The total number of good-quality
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Fig. 2 a Restricted cubic spline curve and 95 % confidence levels
between antral follicle count and log odds of live birth; b Restricted cubic
spline curve and 95 % confidence levels between the total number of
good-quality embryos and log odds of live birth; c Restricted cubic spline

curve and 95 % confidence levels between the total number of embryos
and log odds of live birth; d Restricted cubic spline curve and 95 %
confidence levels between the number of oocytes retrieved and log odds
of live birth
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embryos has been shown to be the most important predictor of
cumulative outcome in a completed IVF cycle [2]. Some
studies have also reported that AFC, the number of oocytes,
the total number of embryos, and the total number of good-
quality embryos predict pregnancy after fresh embryo transfer,
with higher numbers of each associated with better chance of
success [1, 3–9]. Only a few researchers have explored the
functional form of the associations of these parameters with
IVF outcomes specifically in fresh cycles. Van der Gaast et al.
and Sunkara et al. reported a nonlinear association between
the number of oocytes and pregnancy graphically. The
optimal number of eggs, which corresponded with the highest
pregnancy rate, was derived and ovarian stimulation protocols
were suggested to target these “ideal” egg totals [8, 9]. This
approach inherently assumed the optimal number of eggs
leads to the best pregnancy chance. However, we must use
caution when making causal interpretations from association
analyses performed in observational studies. The conclusions
from these observational studies were hampered by the fact
that the number and quality of embryos transferred (as
opposed to those in the overall cohort) were ignored in the
analyses. In contrast to previous studies, our recent study
found that the patients, from whom the “optimal” number of
oocytes were retrieved, were not only younger but also had the
highest probability of having two good-quality embryos

replaced, which we proposed was the primary cause behind
the highest rate of pregnancy success. The present study not
only confirmed the previous findings with data from a
different center, but also further revealed that the same
increasing-then-plateauing shape of the association exists for
other cohort-specific parameters (Fig. 2).

The mediation analysis revealed that the number or quality
of embryos in the cohort or the number of oocytes retrieved
had no direct effects on IVF outcome in fresh cycles. When
similarly-aged patients have a similar number and quality of
embryos transferred in fresh cycles, their prospects of
pregnancy are similar, regardless of how many embryos or
oocytes are available in the cohort. Collectively, these results
from the spline and mediation analyses suggest that patients
have a similar probability of having two or three good-quality
embryos transferred in fresh cycles once certain thresholds are
exceeded (i.e. 10 oocytes or three good embryos), and thus
their chances of achieving a live birth are approximately equal
and maximized. This explains why we observed the
increasing-then-plateauing trend in the spline curves (Fig. 2).

Thus, while it is true that cohort-specific parameters are
correlated with the IVF outcome in fresh cycles, the only
source of such correlation is the fact that these variables are
themselves correlated with the number and quality of embryos
transferred, which in reality determines the IVF outcome. We

Table 2 Mediation analysis of the associations between live birth, and number of oocytes retrieved, total number of embryos, total number of good-
quality embryos, and AFC using logistic regression

No. Variable Model Output

Odds Ratioa P-valuea Odds Ratiob P-valueb Odds Ratioc P-valuec

1 Number of oocytes 0.003* 0.387* 0.334*

Low ≤6 1 1 1

Medium 7–14 1.62 0.002 1.22 0.233 1.06 0.721

High ≥15 1.69 0.001 1.12 0.511 0.93 0.668

2 Total number of embryos <0.0001* 0.873* 0.989*

Low ≤5 1 1 1

Medium 6–9 1.46 0.001 1.04 0.750 0.98 0.884

High ≥10 1.73 0.001 1.07 0.604 0.99 0.912

3 Total number of good-quality embryos <0.0001* 0.770* 0.911*

Low ≤3 1 1 1

Medium 4–6 1.62 <0.0001 1.09 0.470 1.03 0.780

High ≥7 1.66 <0.0001 1.05 0.679 0.99 0.904

4 AFC <0.0001* 0.057* 0.313*

Low ≤6 1 1 1

Medium 7–10 1.43 0.003 1.20 0.136 1.12 0.353

High ≥11 1.80 <0.0001 1.35 0.017 1.22 0.131

a Logistic regression model with only cohort-specific variable included
b Logistic regression model with cohort-specific variable, number of good-quality embryos transferred, and number of embryos transferred
c Logistic regression model with cohort-specific variable, number of good-quality embryos transferred, number of embryos transferred, and maternal age

*P-value of testing overall effects (df=2)
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could also verify this conclusion via randomized studies
comparing treatment effectiveness of DET vs. SET. Once
the randomization delinked the association between the
cohort-specific variables and the quality of embryos
transferred, the cohort-specific variables were no longer
associated with pregnancy in fresh cycles [27, 28]. In clinical

practice, embryo transfer strategies are typically determined
by national and center policies, or even physicians’
preferences and experiences, rather than by the quantity of
cohort-specific variables. For this reason, we cannot assume
that patients with the “optimal” number of eggs or embryos in
their cohort have the best pregnancy prospects in a fresh cycle

Table 3 Multivariable logistic regression model for predicting live birth and relative importance of predictors

Variable Name Odds ratios (95%CI) P-value Marginal PEV (%) Partial PEV (%)

Number of good-quality embryos transferred <0.0001a 3.03 1.87

3 2.89[1.83–4.56] <0.0001b

2 2.77[1.97–3.91] <0.0001b

1 1.57[1.07–2.30] 0.021b

0 1

Progesterone on the day of hCG injection 1.41* 1.00*

≥1.2 0.59[0.48–0.73] <0.0001

<1.2 1

Endometrial thickness <0.0001a 1.37* 0.86*

≥13 1.92[1.46–2.52] <0.0001b

[10,13) 1.34[1.11–1.63] 0.002b

<10 1

Age <0.0001a 1.76* 0.76*

≥35 0.48[0.33–0.69] <0.0001b

[30,35) 0.81[0.64–1.03] 0.084b

[28,30) 1.07[0.82–1.39] 0.640b

<28 1

E2 on the day of hCG injection <0.0001a 0.77*** 0.52*

≥4000 0.80[0.63–1.01] 0.064b

[2500,4000) 1.27[1.04–1.57] 0.022b

<2500 1

Duration of infertility 0.097a 0.76*** 0.27**

≥8 0.72[0.53–0.98] 0.036b

[5,8) 0.90[0.70–1.16] 0.431b

[2.5,5) 1.02[0.81–1.30] 0.840b

<2.5 1

Basal serum E2 level

≥35 0.81[0.68–0.96] 0.016 0.25*** 0.21**

<35 1

Number of embryos transferred 0.087a 1.35** 0.15**

3 2.23[1.05–4.73] 0.036b

2 1.94[0.92–4.11] 0.083b

1 1

LH on the day of hCG injection

≥2 1.23[0.98–1.54] 0.071 0.25*** 0.11**

<2 1

aP-value of type 3 chi-square test for each variable’s overall effects after adjusting for the other variables
bP-value of chi-square test between each variable’s subgroups and reference group

***Significantly different from relative importance of number of good-quality embryos transferred at α=0.001 level

**Significantly different from relative importance of number of good-quality embryos transferred at α=0.01 level

*Significantly different from relative importance of number of good-quality embryos transferred at α=0.05 level
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without considering the number and quality of embryos
transferred. It is not the optimal egg number or embryo cohort
that maximizes IVF outcomes in fresh cycles, but rather the
quality of the embryos transferred. Using the optimal egg or
embryo number to guide ovarian stimulation to maximize the
chance of pregnancy may not be the best medical decision for
the general patient population and could unnecessarily place
pressures upon poor responders [13]. We should resort to
more flexible ovarian stimulation protocols, based on
evaluation of an individual’s ovarian reserve, to retrieve the
desired number of good embryos and thus maximize the
chance of pregnancy for each woman.

Our previous study confirms that embryo cohort-specific
variables are the most important predictors of cumulative
outcome in a complete treatment cycle [2]. The current study
demonstrates that what matters to the prospect of pregnancy
after fresh embryo transfer is the quality and number of the
embryos replaced, not the cohort-specific parameters. The
combined findings from these two studies imply that the
quality and size of the embryo cohort enables the selection
of good-quality embryos for transfer in fresh and subsequent
frozen cycles. The optimal performance of a complete
treatment cycle relies on the quality and quantity of the
embryos transferred in each individual cycle.

The influence of serum progesterone level on the day of
hCG administration on IVF outcomes has long been a matter
of debate. A recent meta-analysis concluded that there was no
statistically significant association between progesterone
elevation and the probability of live birth [14]. However,
Bostch et al. found that elevated progesterone level on the
day of hCG administration was associated with reduced
ongoing pregnancy rates [15]. Our study showed that
progesterone level on the day of hCG administration was as
predictive as maternal age, was selected 100 % of the time
during the 5000 bootstrapping runs, and in fact ranked second
in terms of predictive value in a fresh IVF cycle among all
predictors identified (Table 3). The contradictory conclusions
from existing studies on this issue might be explained by the
different timing of hCG administration used and the relatively
small sample sizes employed in some studies. In contrast,
progesterone level on the day of hCG administration was a
weak predictor of cumulative outcome [2]. These findings
collectively suggest that the negative effect of elevated
progesterone level on pregnancy with fresh embryo transfer
is not a result of an adverse effect on the oocytes. This
conclusion is in accordance with previous studies [29–31].

Although the precise mechanism of the deleterious effect of
elevated progesterone is unclear, evidence suggests that
elevated progesterone could initiate premature secretory
transformation of the endometrium, leading to a premature
closure of the implantation window before embryos are
available for transfer [32]. This state of asynchronous
embryo-endometrium cross-dialogue may adversely affect

implantation and consequently result in a reduced pregnancy
rate [33, 34].

In summary, relying on cohort-specific variables to predict
outcomes in fresh IVF cycles could lead to a biased
interpretation if the information on the embryos transferred is
ignored. Ovarian stimulation protocols designed to retrieve an
“optimal” quantity of oocytes in order to maximize pregnancy
rates during fresh cycles may not be the best medical decision.
Serum progesterone level on the day of hCG administration
merits further investigation. Other predictors identified could
be useful for patient counseling in clinical practice.
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