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Abstract

Purpose To establish a ratio of the P level to the number of
follicles (P/F ratio) on the day of human chorionic gonadotro-
pin (hCG) administration and to evaluate whether this ratio is
associated with in vitro fertilization (IVF) outcome.

Methods This study was conducted between January 2012
and June 2013. A total of 337 patients with cleavage-stage
day-3 fresh embryo transfer with P levels <1.5 ng/mL on the
day of hCG administration were included in the study. The
main outcome was ongoing pregnancy rate.

Result(s) The P/F ratio was calculated according to the equa-
tion (P[ng/mL]/number of follicles) on the day of final oocyte
maturation. Using ROC, we established a cut-off level of
0.075 for the P/F ratio. The area under the curve (AUC)
(0.756; 95 % confidence interval [CI]: 0.704-0.807) indicated
that it was a good prognostic test. In group 1 (patients under
36 years old), the ongoing pregnancy rates were 57 and 30 %
for patients with P/F ratios<.075 and>.075, respectively, (p=
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0.003). In group 2 (patients between 36 and 39 years old), the
ongoing pregnancy rates were 58 % and 17 % (p=0.001) for
patients with P/F ratios<.075 and>.075, respectively. In
group 3 (patients>40 years old), the ongoing pregnancy rates
were 41.7 and 10.9 % (p=0.001) for patients with P/F ra-
ti0s<.075 and>.075, respectively.

Conclusions The P/F ratio is a good prognostic test for
predicting IVF outcome that can correlate the P level with
ovarian response.

Keywords Progesterone to number of follicles ratio -
Endometrial receptivity - Progesterone elevation

Introduction

Progesterone elevation (PE) has been observed during con-
trolled ovarian stimulation (COS) using gonadotropins and
gonadotropin-releasing hormone (GnRH) analogs, occurring
mainly at the end of the follicular phase and on the day of
human chorionic gonadotropin (hCG) administration. Its fre-
quency varies, but it occurs in up to 35 % of cycles in patients
treated with a GnRH agonist and in up to 38 % of cycles in
those treated with a GnRH antagonist [1].

A recent meta-analysis has suggested that PE during COS
is associated with a decreased probability of pregnancy fol-
lowing fresh embryo transfer (ET), but this elevation is not
associated with the outcome of frozen—thawed transfer (FET)
[2]. These data suggest that PE may be associated with ad-
verse effects on the endometrium (specifically, advanced en-
dometrial histological maturation and altered gene expression)
and that it does not negatively impact embryo quality [3, 4].
Thus, patients with PE during a fresh cycle would benefit from
elective FET, for which the entire cohort of embryos is cryo-
preserved and the embryo transfer is performed later in a
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natural cycle or in a cycle with hormonal replacement for
endometrial priming. [5, 6].

However, deleterious progesterone (P) levels may vary ac-
cording to ovarian response [7, 8]. Thus, it would be better to
define a ratio between P level and ovarian response instead of
using a single P level as a prognostic tool. The aim of this
study was to determine whether the use of the ratio of P level
to the number of follicles (P/F ratio) is optimal compared with
an isolated threshold concentration of P on the day of final
oocyte maturation for selecting patients to undergo delayed
ET rather than fresh ET.

Materials and methods

This study was conducted between January 2012 and
June 2013 in a private in vitro fertilization (IVF) unit in Brazil.
An institutional review board approved this study, and in-
formed consent was obtained from all patients included in
the study.

Patient selection

The following inclusion criteria were established: (1) GnRH
antagonist cycles with at least two good-quality embryos (fea-
turing 6-10 cells with no fragmentation and equal blastomere
size [grade 1] or up to 20 % fragmentation [grade 2]) for fresh
ET; and (2) P<1.5 ng/mL on the day of trigger. Exclusion
criteria included: (1) P>1.5 ng/mL on the day of trigger; (2)
the presence of a uterine pathology (adenomyosis or uterine
malformations); (3) recurrent pregnancy loss; (4) previous im-
plantation failure (>3 previous failed ETs); and (5) severe male
factor infertility (oligospermia <1 million/mL and azoosper-
mia). The patients that fulfilled the inclusion/exclusion criteria
(335 patients) were followed for up to 12 weeks of pregnancy
when available, via an ultrasound scan in the 7th—8th weekS
of pregnancy to confirm clinical pregnancy and contact by
telephone in the 12th weeks to confirm ongoing pregnancy.

Study protocol

Patients underwent COS with recombinant follicle-
stimulating hormone (FSH) (Gonal-F®; MerckKGaA, Darm-
stadt, Germany) starting on day 2 or 3 of menses, and levels of
up to 450 [U/day were administered using a step-down proto-
col. The GnRH antagonist cetrorelix (Cetrotide; MerckKGaA)
was used for pituitary suppression and was initiated on stim-
ulation day 5 or 6. Final oocyte maturation was induced with
250 mcg of recombinant hCG (Ovitrelle®; MerckKGaA) plus
0.2 mg of triptorelin (Gonapeptyl daily®; Ferring Pharmaceu-
ticals, Saint Prex, Switzerland), referred to as a “dual trigger”
[9], when at least two follicles reached a diameter of 18 mm.
The patients underwent transvaginal ultrasound-guided
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oocyte retrieval at 35 h after trigger, followed by
intracytoplasmic sperm injection (ICSI). One to four embryos
were transferred under ultrasonography guidance on day 3
following oocyte retrieval, and embryo quality was evaluated.
Luteal phase support with 90 mg of vaginal progesterone daily
(Crinone 8 % vaginal gel; MerckKGaA) was initiated on the
day of oocyte retrieval and continued for up to 9 weeks of
pregnancy when available.

Hormone analysis and follicle count

Blood samples were collected between 7:00 and 12:00 a.m. on
the day of final oocyte maturation, and serum P levels were
measured using a chemiluminescent immunoassay for quan-
titative determination of the hormone (Diagnostics Biochem
Canada Inc., Dorchester, ON, Canada) with a sensitivity of
0.1 ng/mL. P concentrations were determined with a coeffi-
cient of variation (CV) of <10 %. The P/F ratio was calculated
according to the equation (P[ng/mL]/number of follicles) and
was defined by the measurements obtained on the day of final
oocyte maturation. All ultrasounds were performed at our IVF
center, and we included the number of follicles > 14 mm on the
day of final oocyte maturation in the ratio calculation.

Outcomes

Pregnancy was defined by hCG titers within 11 days follow-
ing ET. Clinical pregnancy was defined by the observation of
intrauterine embryo heart motion by 7 weeks gestation. On-
going pregnancy was defined as pregnancy proceeding be-
yond the 12th weeks of gestation. The implantation rate was
regarded as the ratio of the number of observed embryo hearts
to the number of transferred embryos.

The main outcome measure was ongoing pregnancy rate,
which has been shown to be comparable to live birth as a
measure of efficacy [10]. The number of oocytes retrieved,
the number of mature oocytes, the fertilization rate, the im-
plantation rate, and the pregnancy rate were the secondary
outcome measures.

Statistical analysis

Sample size calculation was performed using pregnancy rate
as the base outcome. Using an alpha value of 0.05 and a beta
value of 0.2 in a two-sided test, it was determined that 145
exposed subjects and 145 non-exposed subjects were neces-
sary to obtain statistically significant results, with a relative
risk of >0.6.

The data are presented as the mean+standard deviation or
as a percentage. A comparison of the quantitative variables
was performed using Student’s #-test for the independent sam-
ples. For the comparison of the categorical data, the chi-
squared test was performed. Receiver operating characteristic
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(ROC) analysis was conducted to establish the most efficient
cut-off values for the P/F ratio to discriminate between suc-
cessful and unsuccessful ICSI outcomes of antagonist cycles
with day-3 fresh ET. The best cut-off values were determined
based on equivalent sensitivity and specificity, and the highest
value of the area under curve (AUC) was determined. We also
performed the ROC analysis for P levels on the day of oocyte
maturation. A p value of <0.05 was considered statistically
significant. Statistical analysis was performed with Statistical
Package for the Social Sciences software (SPSS version 19.0
for Windows; IBM Corporation, Armonk, NY, USA).

Results

The baseline characteristics of the overall population are pre-
sented in Table 1. During the study period, we performed
oocyte retrievals on 962 patients. Of them, a total of 335
patients fulfilled the inclusion/exclusion criteria and were in-
cluded in the study. These patients were followed at least until
the 12th weeks of pregnancy or earlier if a negative outcome
occurred. The mean age was 36.64+4.58 years, and the mean
basal FSH level was 8.26+2.47. The overall implantation and
ongoing pregnancy rates were 22.36 and 35 %, respectively.
According to the ROC analysis, the P/F ratio was found to
be discriminative for achieving versus not achieving pregnan-
cy (p=0.001; AUC=0.756; 95 % confidence interval [CI]:
0.704-0.807) with a sensitivity and specificity of 71 % and

Table 1  Baseline characteristics and outcomes of patients undergoing
GnRH antagonist cycles and fresh embryo transfer with P<1.5 ng/mL on
day of trigger

Characteristics Study group (n=335)
Mean age 36.64+4.58
Basal FSH (mIU/mL) 8.26+2.47
AFC 9.64+4.06
Stimulation days 10.97+1.17
Total dose of FSH (IU) 2,405.42+816.75
P on day of trigger (ng/mL) 0.71+£0.28
E, on day of trigger (pg/mL) 1610+£632.24
No. of follicles (>14 mm) on day of trigger 9.06+3.66
No. of oocytes retrieved 7.63+£4.11
No. of MII retrieved 5.54+3.24
No. of 2PN 43+2.64
No. of transferred embryos 2.28+0.75
Pregnancy rate (%) 42

Implantation rate (%) 22.36

Clinical pregnancy rate (%) 38

Ongoing pregnancy rate (%) 35

AFC antral follicle count, P progesterone, £, estradiol, MII mature eggs
* The results are expressed as the mean+SD

71.1 %, respectively (Fig. 1). The optimal cut-off value for the
P/F ratio was 0.075. The ROC analysis for P levels on the day
of final oocyte maturation for achieving versus not achieving
pregnancy showed an AUC=0.658 (p=0.001; 95 % CI:
0.599-0.716).

To avoid possible bias due the different mean ages between
the 2 groups, the patients were stratified by age into three
groups. Group 1 included patients under 36 years old; group
2 included those between 36 and 39 years old; and group 3
included those>40 years old. In all three groups, the IVF
outcomes were correlated with the P/F ratio. In group 1
(Table 2), the ongoing pregnancy rates were 57 and 30 %
for the patients with P/F ratios 0of<.075 and>.075, respective-
ly (p=0.003), and the implantation rates were 35.6 and 19.7 %
for the patients with P/F ratios of<.075 and>.075, respective-
ly (p=0.016). In group 2 (Table 3), the ongoing pregnancy
rates were 58 and 17 % (p=0.001) and the implantation rates
were 33.3 and 12.7 % (p=0.001) for the patients with P/F
ratios 0f<.075 and>.075, respectively. Finally, in group 3
(Table 4), the ongoing pregnancy rates were 41.7 and
10.9 % (p=0.001) and the implantation rates were 23.3 and
8.9 % (p=0.001) for the patients with P/F ratios of<.075
and>.075, respectively.

Discussion

In this study, we observed that the P/F ratio was a better
predictor of IVF outcome than the isolated P level during
an IVF cycle with fresh ET. There is growing evidence
that supra-physiologic hormone levels during COS may
jeopardize endometrial receptivity and decrease pregnan-
cy rate during fresh ET. However, embryo quality does
not appear to be affected by altered hormone levels [11].
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Fig. 1 ROC curve for P/F ratio (in blue) and for P levels (in green)
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Table 2  Patient characteristics and IVF outcomes in group 1 (women <36 years old)

P/F<.075 (n=88) P/F>.075 (n=43) p value RR (95 % CI)

Mean age 31.74+2.71 32.4+2.93 0.21

Basal FSH (mIU/mL) 7.59+£1.97 8.17+2.60 0.16

AFC 12.5+4.02 9.21+£3.57 0.001

Stimulation days 10.83+0.94 10.86+1.37 0.89

Total dose of FSH (IU) 2037.26+739.89 2206.46+756.50 0.23

P on day of trigger (ng/mL) 0.59+0.23 0.98+0.97 0.001

E, on day of trigger (pg/mL) 1817.35+£610.76 1419.42+554.62 0.001

No. of follicles (=14 mm) on day of trigger 11.89+3.84 7.72+£1.98 0.001

No. of oocytes retrieved 9.75+4.45 7.42+3.30 0.003

No. of MII retrieved 7.09+3.88 5.16+2.34 0.001

Fertilized eggs 5.45+3.29 4.09+1.91 0.003

Embryos transferred 2.06+0.44 2.09+0.57 0.69

Implantation rate (%) 35.6 19.7 0.016

Pregnancy rate (%) 59/88 (67 %) 18/43 (41.9 %) 0.006 0.624 (0.426-0.914)
Clinical pregnancy rate (%) 57/88 (64.8 %) 14/43 (32.6 %) 0.001 0.503 (0.318-0.794)
Ongoing pregnancy rate (%) 50/88 (56.8 %) 13/43 (30.2 %) 0.003 0.532 (0.326-0.868)

AFC antral follicle count, P progesterone, £ estradiol, MII mature eggs
* The results are expressed as the mean+SD

Thus, some patients would benefit from delayed frozen—
thawed transfers (FET) [12]. However, it is still a chal-
lenge to find a non-invasive test to assess endometrial
receptivity that is able to accurately predict IVF outcome,
and there is currently no consensus regarding the best way
to select those patients who would really benefit from
elective FET.

Currently, the best way to select patients for delayed FET is
by assessing the P level on the day of final oocyte maturation
because PE during the late follicular phase of COS is associ-
ated with a decreased probability of pregnancy in patients
undergoing fresh ET [2]. In the final follicular phase, the sub-
tle increases in progesterone levels are associated with ad-
vancements in the endometrium’s ultrastructural morphology

Table 3  Patient characteristics and IVF outcomes in group 2 (women between 36 and 39 years old)

P/F<.075 (n=45) P/F>.075 (n=63) p value RR (95 % CI)

Mean age 37.47+1.06 37.78+1.07 0.137

Basal FSH (mIU/mL) 7.62+1.63 8.65+2.61 0.014

AFC 11.53+£3.25 8.33+£3.57 0.001

Stimulation days 10.98+0.72 11.3+1.17 0.08

Total dose of FSH (IU) 2287.22+518.59 2680.43+634.68 0.001

P on day of trigger (ng/mL) 0.54+0.19 0.87+0.25 0.001

E, on day of trigger (pg/mL) 1791.33+528.61 1557.63+531.45 0.026

No. of follicles (>14 mm) on day of trigger 11.51£3.47 7.33£2.19 0.001

No. of oocytes retrieved 9.98+4.33 6.02+£3.21 0.001

No. of MII retrieved 6.89+3.81 4.594+2.38 0.001

Fertilized eggs 5.47+3.01 3.38+1.87 0.001

Embryos transferred 2.69+0.47 2.21+0.74 0.001

Implantation rate (%) 33.33 12.7 0.001

Pregnancy rate (%) 29/45 (64.4 %) 14/63 (22.2 %) 0.001 0.345 (0.207-0.574)
Clinical pregnancy rate (%) 27/45 (60 %) 11/63 (17.5 %) 0.001 0.291 (0.168-0.524)
Ongoing pregnancy rate (%) 26/45 (58 %) 11/63 (17.5 %) 0.001 0.302 (0.167-0.546)

AFC antral follicle count, P progesterone, £, estradiol, MII mature eggs
* The results are expressed as the mean+SD
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Table 4  Patient characteristics and IVF outcomes in group 3 (women >40 years old)

P/F<.075 (n=24) P/F>.075 (n=73) p value RR (95 % CI)

Mean age 41.46+1.50 42.08+1.51 0.212

Basal FSH (mIU/mL) 7.81+£2.24 9.30+2.92 0.011

AFC 8.58+2.75 6.82+2.71 0.001

Stimulation days 11.29+1.60 10.78+1.31 0.07

Total dose of FSH (IU) 2521.87+991.61 2759.48+937.7 0.06

P on day of trigger (ng/mL) 0.50+0.12 0.98+1.12 0.001

E, on day of trigger (pg/mL) 1744.33+£781.59 1360.64+671.24 0.005

No. of follicles (=14 mm) on day of trigger 8.924+2.34 6.41+2.1 0.001

No. of oocytes retrieved 6.88+2.94 5.34+£2.90 0.01

No. of MII retrieved 5.46+2.62 3.86+1.95 0.001

Fertilized eggs 4.58+2.04 3.00+£1.51 0.001

Embryos transferred 2.92+0.93 2.26+£0.97 0.001

Implantation rate (%) 233 8.9 0.001

Pregnancy rate (%) 13/24 (54.2 %) 9/73 (12.3 %) 0.001 0.228 (0.111-0.465)
Clinical pregnancy rate (%) 11/24 (45.8 %) 8/73 (10.9 %) 0.001 0.239 (0.109-0.524)
Ongoing pregnancy rate (%) 1024 (41.7 %) 8/73 (10.9 %) 0.001 0.263 (0.117-0.589)

AFC antral follicle count, P progesterone, £ estradiol, MII mature eggs
* The results are expressed as the mean+SD

and echogenicity, and these levels seem to have a negative
impact on embryo implantation [13, 14]. These alterations
may result in embryo—endometrium asynchrony, and they
may decrease the implantation rates during ART treatments
[6]. The live birth rates of patients undergoing IVF treatments
may decrease when there is an increase in P levels on the day
of final oocyte maturation [15]. However, we still do not know
exactly what the threshold values are when a cycle becomes
supra-physiologic [16]. In our study, we correlated the P/F
ratio to the IVF outcomes of fresh cleavage-stage ETs in the
patients with a P level of <1.5 ng/mL on the day of final
oocyte maturation and found that this ratio was a better pre-
dictor of pregnancy in all age groups when compared to pro-
gesterone alone. The overall IVF outcomes observed in our
study are in accordance with previous reports in the literature
[17]. However, we found statistically significant differences in
outcomes according to ovarian response. When evaluating the
ROC analysis in our study, the P/F ratio (which correlates the
P level to ovarian response) seems to be a more effective IVF
prognostic tool compared with a single P measurement on the
day of final oocyte maturation.

It has been suggested that a patient’s hormone profile dur-
ing COS is related to ovarian response and that the P level
increases as the number of follicles and E, level increase [18].
Some studies have suggested that the progesterone-to-
estradiol ratio (P/E,) reflects premature luteinization and that
it could be a more accurate predictor of IVF outcome than the
isolated P level [19, 20]. However, these studies that have
correlated the P/E, to IVF outcome have reported unsatisfac-
tory values for sensitivity, specificity, and AUC [19, 21, 22].

Conversely, our test showed a moderate level of accuracy with
AUC=0.756, and it exhibited good sensitivity and specificity
of 71 % and 71.1 %, respectively. These results for P/F ratio
were better than those found for P levels (AUC=0.658; 95 %
CI: 0.599-0.716). Interestingly, we observed that the propor-
tion of patients with a P/F ratio>0.075 increased with ad-
vanced maternal age. A total of 32.8 % of the <36-year-old
patients had an elevated P/F ratio in addition to 58.3 % of
those that were 36-39 years old, and 75.2 % of those that were
>39 years old. We hypothesize that with advanced maternal
age, (in addition to worsening oocyte quality) a change in the
pattern of ovarian hormonal response could occur. The P/F
ratio reflects the average amount of P produced by each folli-
cle>14 mm on the day of final oocyte maturation. The poorest
outcomes observed in patients with higher P/F ratio may be
related to a disruption in follicular growth / maturation, and
may reflect an increased follicular secretion of P from each
mature follicle.[23].

Because this study was not a randomized clinical trial, it
may have some weaknesses. There were some differences in
the number of retrieved oocytes when comparing the groups
with a P/F ratio<.075 with those with a ratio>.075, with a
lower number of oocytes noted in the latter group. However,
according to the literature [8, 24], both groups of patients have
been found to exhibit good prognoses considering the number
of retrieved oocytes. When between 6 and 15 oocytes are
retrieved, the pregnancy rates for one fresh ET are similar,
and when oocyte numbers are either below or above that
range, outcomes are compromised [25]. We observed statisti-
cally significant differences between the groups with P/F
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ratios that were under or over the established cut-off, suggest-
ing that these ratios had different consequences on endometri-
al receptivity according to both ovarian response and P level.
The ovarian response, number of retrieved oocytes, number of
mature oocytes retrieved, and number of fertilized eggs were
significantly lower in the patients with a P/F ratio>.075. Some
studies using the P/E, ratio have found similar results after
establishing a cut-off value for P/E,, suggesting that this ratio
is associated with lower fertility [19, 26]. Studies attempting
to establish cut-off levels or ratios using hormonal measure-
ments may be influenced by the different measurement tech-
niques used or by the lab at which they are measured. These
variations may be responsible for the differences between the
cutoff levels/ratios reported by the different studies. Thus,
based on our findings, we suggest that each IVF center obtain
an individual P/F ratio based on their own, location-specific
hormonal measurements. There may also be concerns about
the transfer in cleavage stage performed in our study, as the
practice of blastocyst transfer in increasingly being adopted in
many ART clinics over cleavage stage, although there is no
clear evidence that this is a safe practice [27]. A recent meta-
analysis showed that there is a small advantage in performing
blastocyst transfer compared to cleavage stage transfer when
considering the live birth rates. However, these results were
observed only in good prognosis patients and the cumulative
clinical pregnancy rates were higher for cleavage stage trans-
fer when compared to blastocyst transfer [28]. In our IVF
center the cleavage stage embryo transfer was a routine pro-
cedure in the study period.

To our knowledge, there is only one recent published study
to correlate the progesterone levels to ovarian response and
IVF outcomes [23], and we still suggest in our study that the
P/F ratio is a good prognostic tool for predicting IVF outcome
following fresh cleavage-stage ET, even in a select group of
patients (P<1.5 ng/mL on the day of trigger). Further random-
ized trials are required to evaluate this strategy to validate the
results found in this study; however, it seems that the P/F ratio
is a better predictor of IVF outcome compared with a single P
cut-off level obtained on the day of final oocyte maturation.
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