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Abstract

Background Progesterone (P4) plays a critical role in a natural menstrual cycle. It is an essential hormone to have
successful embryo implantation into the endometrium.

Objective In the current study, we compared the clinical outcomes of patients with different levels of P4 on embryo
transfer day and aimed to determine the optimum threshold for P4 in the luteal phase.

Material and methods We performed a prospective cohort study on 100 patients who were referred to the Talegani
Infertility Treatment Institute to undergo frozen embryo transfer (FET). Endometrial preparation was programmed
using an estrogen (E2) and progesterone supplement. FET was carried out 3 days after administration of the first
dosage of progesterone. We measured serum progesterone levels on embryo transfer day. Clinical pregnancy

was the main investigated outcome. We used a parametric receiver operating characteristic curve (ROC) to determine
the best-cut points of P4 on embryo transfer day.

Results Overall, the average endometrial thickness was 7.9+ 0.2 mm. We observed no association between endo-
metrial thickness and clinical pregnancy (P value=0.719). The mean number of the transferred embryos in all inves-
tigated cycles was 1.5+0.5, and 80.0% of the transferred embryos were high quality (high and medium level). The
average progesterone level in cycles with clinical pregnancy was 17.2+3.3 ng/mL. It was only 13.4+9.4 in patients
without clinical pregnancy. The observed difference was statistically significant (P value=0.032). The estimated AUC
for the drawn ROC curve was 0.71 indicating a high predictive value.

Conclusion The current study demonstrated that high and low serum progesterone (P4) levels on embryo transfer
day were associated with reduced clinical outcomes following blastocyst transfer during IVF/ICSI. However, more
studies with large sizes are required in this regard.
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is crucial. GnRH agonist inhibits the secretion of LH
and disturbs the generation of endogenous proges-
terone (P4). Consequently, it will decrease implanta-
tion rate and pregnancy [2]. Therefore, in such cases,
progesterone (P4) supplementation is recommended
to make them capable of initiating secretory endome-
trium and maintaining pregnancy. Several studies pro-
vided strong evidence regarding the positive effects of
progesterone supplementation on the outcome of FET
[3, 4]. According to previously published studies, P4
luteal support increases the clinical outcomes of FET.
Patients who received P4 luteal support had higher
biochemical and clinical pregnancy with an increased
chance of living birth. Moreover, they had a lower mis-
carriage [3, 4].

Even though the adequate level of P4 on the day of
the embryo has an undeniable effect on clinical out-
comes of IVF, there are growing pieces of evidence
regarding the non-linear association between serum
P4 and such outcomes [5]. There is an optimal window
for P4 values in luteal phases that is in controversy
with the traditional belief that higher values of P4 will
lead to better clinical outcomes in IVE. If the P4 level
is above 20 ng/MI, this may decrease the pregnancy
rate. It might be due to premature luteinization and its
subsequent impairment in receptivity of the endome-
trium [5, 6]. As already mentioned, there are few stud-
ies regarding the role of P4 in luteal phases on clinical
outcomes of IVF, and it is still regarded as a controver-
sial issue. In the current study, we compared the clini-
cal outcomes of patients with different levels of P4 on
embryo transfer day and aimed to determine the opti-
mum threshold for P4 in the luteal phase.

Material and methods

We performed a prospective study on 100 IVF/ICSI
cycles between February 2020 and February 2022 at
Taleqani Infertility Treatment Institute. The inclusion
criteria were: infertile women aged range of 18—40 years,
candidacy for first or second freez embryo transfer.
Exclusion criteria were cycles with missing data, patients
with a preimplantation genetic diagnosis, Age over 40,
ovarian hyperstimulation syndrome, history of implanta-
tion failure, history of recurrent miscarriage, and partici-
pation in sperm or oocyte donation program.

All the patients received hormone replacement therapy
for endometrial preparation with pituitary down-regu-
lation with a GnRH agonist. An ultrasound scan and E,
measurement were carried out on days 2—3 of the spon-
taneous menstrual cycle to confirm pituitary desensiti-
zation. The endometrial preparation was started using
6 mg estradiol valerate daily if the endometrial thickness
was less than 5 mm and serum estradiol level <50 pg/ml.
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After 10-12 days of estradiol administration and if ultra-
sound showed an endometrial thickness (>7 mm, with
a triple-line pattern), E2 was continued at the same dos-
age and then a vaginal progesterone suppository (Cyc-
logest® 400 mg, Actover, Iran) was administered twice
daily. Meanwhile, starting on the fourth day, 25 mg of
progesterone (Aburaihan Pharmaceutical Co., Tehran,
Iran). The estradiol dosage was increased to 8 mg/day to
achieve the appropriate endometrial thickness. E2 and
progesterone therapy was continued until a pregnancy
test was performed, and in cases of a positive pregnancy,
hormone therapy continued until week 10 of gestation.
Finally, according to the women’s age, up to two frozen
embryos were thawed and transferred at the cleavage
stage on the 3rd day of progesterone treatment. The qual-
ity of each embryo was determined based on the criteria
described by Racowsky et al. [7]. The degree of fragmen-
tation and the extent of symmetry besides blastomere
numbers were considered to score embryo morphology.
We measured serum progesterone level (P4) on embryo
transfer day, then all serum progesterone samples were
transferred to a laboratory and assayed using Electro-
chemiluminescence immunoassay. We expressed serum
progesterone level as nanograms per milliliter. Clini-
cal pregnancy was our main outcome. It was defined as
ultrasound confirmation regarding at least one intrauter-
ine gestational sac.

Statistical analysis

Descriptive analyses were carried out using mean and
standard deviation for continuous variables. We also
used proportion and a 95% confidence interval for
dichotomous variables. Patients were categorized into
two groups according to their outcomes and then com-
pared all baseline variables between these groups using
independent T-test and chi-square analysis. We also used
parametric receiver operating characteristic (ROC) anal-
ysis with two cut points to determine the best cut points.
Statistical analysis was performed using the Stata statisti-
cal software package (Stata Corp. 2014. Stata Statistical
Software: Release 14.1, College Station, TX: Stata Corp.
LP). All P values of <0.05 were considered significant.

Results

In Table 1, we summarized the characteristics of
100 cycles meeting inclusion criteria. Study par-
ticipants were categorized into two different groups
according to the status of clinical pregnancy. The mean
age of cycles that led to successful clinical pregnancy
was 33.4%4.7 years, while it was 32.9+9.4 years in
cycles without clinical pregnancy (P value=0.560).
Overall, the average endometrial thickness was
7.9+0.2 mm and no association was found with
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clinical pregnancy (P value=0.719). The mean number
of the transferred embryos in all investigated cycles was
1.5+0.5, and 22.0% of the transferred embryos were
high quality (grade A). According to Table 1, the aver-
age progesterone level in cycles with clinical pregnancy
was 17.2 + 3.3, whereas, it was only 13.4 + 9.4 in patients
with negative pregnancy, and the observed difference
was statistically significant (P value =0.032) (Table 1).

We draw a parametric ROC curve to determine the
best cut point of serum progesterone level on embryo
transfer day. Accordingly, the best cut-off was at
13.7 ng/Ml. However, we showed that the proportion
of successful clinical pregnancy would decrease to 9.0%
when progesterone values exceeded 20 ng/mL(CI:2.2,
30.5) (Table 2). The estimated AUC was 0.71. The pro-
portion of clinical pregnancy in the first category of
serum progesterone level was 10.0%. It drastically
increased in cycle with progesterone level between
13.8 and 20 ng/mL and reached a peak in this quar-
tile (92.8%, CI 75.0, 98.2). However, in the last quar-
tile when the progesterone level value was higher than
20 ng/mL the proportion of clinical pregnancy declined
to 9.0% that was the lowest reported percent of clinical
pregnancy (Table 2).

Discussion

Serum progesterone level is a contributing factor for
successful implantation and is associated with ben-
eficial effects in the ART and management of patients
with recurrent spontaneous miscarriage of unknown
cause [1]. There are several reports regarding the effi-
cacy of progesterone support in the luteal phase. How-
ever, it seems that the extremely high level of P4 may
reduce the implantation rate, clinical pregnancy, and
live births [5]. The importance of progesterone sup-
port in the luteal phase has increased over the past
decades as there has been a growing pattern in the
number of women seeking GnRH agonist treatment
[8, 9]. In the current study, we aimed to evaluate the

Table 1 Cycle and study participant’s baseline characteristics
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effect of different levels of P4 on the day of ET on clini-
cal outcomes of women with IVF/ICSI to determine the
optimum window of the luteal phase. The overall pro-
portion of clinical pregnancy as the main outcome of
the study was 33%. However, we spotted a statistically
significant association between serum P4 level on the
day of ET and clinical pregnancy. The highest propor-
tion of clinical pregnancy was 92.0% that was observed
when P4 was between 13.7 and 20 ng/mL. However, in
the values lower or higher than this window proportion
of clinical pregnancy was less than 10%. Kofinas et al.
have reported the same pattern in association between
P4 level on embryo day and clinical outcomes of IVF/
ICSI. They have argued that higher values of P4 might
be associated with an earlier “implantation window”.
According to Kofinas et all, in the presence of higher
values of P4, endometrial development is accelerated
and consequently will lead to the impaired coordinated
development of uterine and embryo. In such circum-
stances, poor implantation is expected because while
the uterus is receptive and ready for implantation, the
embryo is still developing [5]. Our findings support
such a hypothesis as we illustrated the best clinical
outcome when P4 values on embryo day were between
13.7 and 20 ng/mL. Yovich et al. have also supported
our results and showed extremely low and high values
of P4 on embryo day were associated with lower clini-
cal pregnancy and live birth [10]. However, the upper
threshold reported by Yovich was around 30 ng/mL
which was much higher than the reported value in the
current study. Alyasin et al. have also reported the same
findings. According to their analysis, P4 levels higher
than 32.0 ng/mL were associated with decreased live
births [11]. All previous studies reported lower clinical
outcomes in extremely high values of serum P4 values.
However, there is wide heterogeneity regarding the best
cut-off point.

We also reported a low clinical pregnancy rate in
extremely low values of P4 on embryo transfer day.

Variable With clinical pregnancy (n=33) Without clinical pregnancy (n=67) P value
Age, mean (SD) 334 (4.7) 329 (4.0) 0.560
Progesterone level, mean (SD) 17.2(3.3) 13.4(9.4) 0.032
Endo meter thickness 79(0.1) 79(0.2) 0.719
Quality of embryo
High quality 8 (25.8%) 14 (21.2%) 0.875
Medium 19 (61.2%) 41 (62.1%) 0.556
Low quality 6 (19.8%) 9 (13.4%) 0.822
N of transferred embryos, mean (SD) 14(0.5) 1.5(0.5) 0.575

p values <0.05 was statistically significant
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Table 2 Clinical pregnancy rate by different categories of serum
P4 level of embryo transfer day in women who underwent IVF/
ICSI

Progesterone level Clinical 95% ClI Pvalue
pregnancy(n:33)

0-13.7 3.0% (n:1) 41,221

13.8-20 92.8% (n:30) 75.0,98.2

>20 6.0% (n: 2) 22,305

Overall 33.0% 243,429 *<0.001

" Statistically significant difference; p <0.05

The clinical pregnancy rate in patients with serum P4
level<13.8 was 10%. Several studies have reported
similar findings. Labarta et al. have pointed to 9.2 ng/
mL as the cut point of serum P4 on the day of ET was
associated with lower clinical outcomes [12]. In other
studies, serum P4 values lower than 10 and 10.64 have
demonstrated an association with lower clinical preg-
nancy and live birth that is lower than the reported
value in the current study [13, 14]. However, in one
study performed by Boynukalin et al. was shown that
P4 values < 13.6 ng/mL were associated with a reduced
likelihood of ongoing pregnancy and these findings
were similar to our study [15]. Delay in the endome-
trium development and receptivity due to a low pro-
gesterone level is the main pathway to justify the lower
clinical outcome of IVF/ICSI in cycles with a lower
level of serum P4 [10].

The current study is one of the first attempts to deter-
mine the best cut point of serum progesterone level on
embryo transfer day. However, our findings must be
interpreted in the context of our limitations. The small
sample size was one of the main limitations of the cur-
rent study. Moreover, we did not address whether the
investigated embryos were euploid or not.

In conclusion, the current study demonstrated that
either high or low serum P4 levels on embryo transfer
day were associated with reduced clinical outcomes
following cleavage embryo transfer during IVF/ICSL
There is wide heterogeneity regarding higher and lower
thresholds of serum P4 on embryo day. Monitoring and
measuring P4 levels could increase the success rate dur-
ing FET cycles. However, further studies are required.
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