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Serum progesterone levels greater than
32.5 ng/ml on the day of embryo transfer
are associated with lower live birth rate
after artificial endometrial preparation: a
prospective study
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Abstract

Background: Previous observational studies have highlighted the negative effects of serum hormone levels at the
minimum threshold during frozen embryo transfer (FET) cycles. However, still the questions regarding the
maximum threshold level, and the highest allowed dosage of hormonal medications remain unresolved. The
present study was conducted to determine whether there is any relationship between the serum progesterone and
estradiol levels on the day of ET, and live birth rate (LBR) in patients receiving HRT in FET cycles.

Methods: In this prospective cohort study, eligible women who were undergoing their first or second FET cycles
with the top graded blastocyst stage embryos were included. All patients received the same HRT regimen. FET was
scheduled 5 days after administration of the first dosage of progesterone. On the morning of ET, 4–6 h after the
last dose of progesterone supplementation, the serum progesterone (P4, ng/ml) and estradiol (E2, pg/ml) levels
were measured.
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Results: Amongst the 258 eligible women that were evaluated, the overall LBR was 34.1 % (88/258). The serum P4
and E2 values were divided into four quartiles. The means of women’s age and BMI were similar between the four
quartiles groups. Regarding both P4 and E2 values, it was found that the LBR was significantly lower in the highest
quartile group (Q4) compared with the others, (P = 0.002 and P = 0.042, respectively). The analysis of the
multivariable logistic regression showed that the serum level of P4 on ET day, was the only significant predictive
variable for LBR. The ROC curve revealed a significant predictive value of serum P4 levels on the day of ET for LBR,
with an AUC = 0.61 (95 % CI: 0.54–0.68, P = 0.002). The optimum level of serum P4, with 70 % sensitivity and
50 %specificity for LBR, was 32.5 ng/ml.

Conclusions: The present study suggests that a serum P4 value at the maximum threshold on the day of FET is
associated with reduced LBR following blastocyst transfer. Therefore, measuring and monitoring of P4 levels during
FET cycles might be necessary. However, the results regarding the necessity for the screening of serum E2 levels
before ET, are still controversial, and further prospective studies are required.
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Introduction
Recently, the “freeze –all” strategy has been employed by
most fertility clinics due to the recent advances in la-
boratory procedures for cryopreservation and thawing of
embryos and reducing the risk of ovarian hyper-
stimulation syndrome. After the optimization of em-
bryos’ quality and survival rate, the endometrial prepar-
ation is important. Although, the advantages of any
particular endometrial preparation protocol for frozen
embryo transfer (FET) over others has not been deter-
mined as yet, many clinicians prefer to use hormonal re-
placement therapy (HRT) for artificial endometrial
preparation as it needs [1] less control monitoring, al-
lows for flexibility of scheduling, has a lower cycle
cancellation rate and is cost-effective [2]. However, a
proper synchronization between the embryo and the
endometrium is still required by controlling the timing
and the dosage of exposure to exogenous progesterone
[2].
Recently, the link between the level of serum proges-

terone and estradiol in luteal phase and the pregnancy
outcome in HRT-FET cycles has been explored. A retro-
spective study conducted by Yovich et al., suggested an
optimal window of progesterone level (from 70 to
99 nmol/l) is associated with the highest pregnancy rate
[3]. More recently, a few studies have been conducted to
find out whether there is any optimal level of progester-
one around the ET day [2, 4–8] and on the pregnancy
test day [9]. There is limited data regarding the adminis-
tration of vaginal progesterone, however; a similar de-
bate exists regarding the intramuscular (IM) route [6].
The current data suggests both low [2, 4, 6, 7, 10] and
high [5] levels of serum progesterone on ET day result
in a lower pregnancy rate, indicating different cut-off
points in progesterone levels on ET day can predict the
outcome of pregnancy. In most of the studies, patients
receive either vaginal administration of P [2, 3, 6, 7, 10]

or an IM administration [4–6], but the combined ap-
proach of both methods has not been investigated.
Coroleu and Gaggiotti-Marre have speculated that a

certain serum P value should be attained for an adequate
immunological environment to allow implantation to
occur and reduce pregnancy loss in FET cycles [11];
however, Polat et al., in a recent retrospective study, re-
ported that neither the circulating P level nor the type of
progesterone administration were independent predic-
tors of ongoing pregnancy rate [12]. Therefore, based on
existing research, the relationship between the serum
progesterone levels on ET day and pregnancy outcomes
as well as a certain dose of progesterone to achieve the
most optimal clinical pregnancy and live birth rate are
debatable topics.
This prospective study was conducted to determine

the nature of the relationship between serum progester-
one and estradiol levels on the day of ET and the live
birth rate in patients receiving both vaginal and IM pro-
gesterone together for HRT in FET cycles.

Materials and methods
Methods
This prospective cohort study was carried out in infertile
women who underwent frozen embryo transfer in a
teaching center affiliated with Tehran University of
Medical Sciences (Shariati Hospital) and a private infer-
tility centre (Omid clinic) between February 2019 and
February 2020. The study was approved by the Institu-
tional Review Board and Ethics Committee of the
Tehran University of Medical Sciences. Eligible women
included in this study were aged < 40 years, with a body
mass index < 30, and undergoing their first or second
frozen embryo transfer cycle using the freeze-all strategy,
with 1–2 top quality blastocysts. Patients with oocyte or
embryo donation cycles, recurrent miscarriages and im-
plantation failure, severe male factor, uterine diseases or
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hydrosalpinx diagnosis were excluded from the study.
The patients were selected in order of appearance ac-
cording to their convenient accessibility, and each pa-
tient participated in the study only once and on the
condition of written consent.
All the patients received hormone replacement therapy

for endometrial preparation without pituitary down-
regulation with a GnRH agonist. An ultrasound scan
and E2 measurement was carried out on days 2–3 of the
spontaneous menstrual cycle to confirm pituitary
desensitization. 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. After 10–12 days of estradiol administration
and if ultrasound showed an optimal endometrial thick-
ness (≥ 7 mm, with a triple-line pattern), estradiol valer-
ate was continued at the same doage and then a vaginal
progesterone suppository (Cyclogest® 400 mg, Actoverco,
Iran) was administered once on the first day, twice on
the second day, and thrice for the following days. Mean-
while, starting on the fourth day, 25 mg of progesterone
(Aburaihan Pharmaceutical Co., Tehran, Iran) was ad-
ministered intramuscularly (IM), and then was contin-
ued at 50 mg per day in the following days. Otherwise,
the estradiol dosage was increased to 8 mg/day to
achieve the appropriate endometrial thickness. The hor-
mone therapy was continued until a pregnancy test was
performed, and in cases of a positive pregnancy, estra-
diol valerate and progesterone continued to be adminis-
tered until week 10 of gestation. All sonographic
evaluations were performed by an expert infertility fel-
lowship using a Philips Affiniti 70 ultrasound machine
with a C10-3v Pure-Wave endo-vaginal probe. Accord-
ing to the women’s age, up to two frozen embryos were
thawed and transferred at the blastocyst stage on the 5th
day of progesterone treatment. On the day of ET, eligible
patients were selected for this study. After checking all
the inclusion and exclusion criteria, patients were in-
formed about the objective of the study, and asked to
sign a written consent enrollment form.

Embryo morphology assessment
The vitrification/warming protocol was performed ac-
cording to the method described previously [13]. All the
vitrified blastocysts were thawed on day 5 and trans-
ferred on the same day. The grading for blastocysts is
based the inner cell mass and trophectoderm appearance
assessment, as proposed by Gardner et al. [14]. In the
present study only patients who had the top grading
(high and medium level) embryos, according to the
Gardner classification, were included. The blastocyst
embryos were cultured in 10 µl of culture media (Sage
Biopharma, Gytech, Australia) under mineral oil at 37 °C
and 6 % CO2, 5 % O2, and nitrogen balance in K-System

incubator (K-System G210, CooperSurgical, USA). For
the transfer, a pre-equilibrated Universal transfer
medium (UTM) with phenol red (MediCult) was used.

The hormonal assessment
On the morning of embryo transfer, 4–6 hours after the
last dose of progesterone supplementation, the serum
progesterone and estradiol levels were measured. All the
laboratory tests were performed in the private infertility
center (Omid clinic). Using the VIDAS® Progesterone
(PRG) assay, progesterone levels were determined. The
VIDAS (VITEK® ImmunoDiagnostic Assay System) in-
strument is an enzyme-linked immunofluorescence assay
(ELIFA). The range of measurement of the VIDAS Pro-
gesterone reagent was 0.25–80 ng/ml. Progesterone
values below the limit of detection (< 0.25 ng/ml) were
read as half the limit of detection (i.e., 0.125 ng/ml), and
a control and standardisation were run once daily.
Meanwhile, serum levels of estradiol were measured
using an automated Elecsys Immunoanalyzer (Roche
Diagnostics, Mannheim, Germany). Intra-and inter-assay
variation coefficients were less than 5 % and less than
10 %, respectively. All of the hormonal measurement
procedures including the preparation setup, dilution and
regulation, assay, and quality control processes were car-
ried out according to the manufacturer’s instructions.

Outcome measures
The primary outcome was determining the relationship
between serum progesterone (P4, ng/ml) and estradiol
(E2, pg/ml) levels on the day of ET and live birth rate
(LBR) in artificial endometrial preparation cycles. The
secondary outcomes included the clinical pregnancy rate
(CPR) (the number of pregnancies with presence of a
gestational sac with fetal heartbeat on vaginal ultrasound
per ET cycles), blighted ovum rate (the number of preg-
nancies per ET cycle in which the embryo fails to de-
velop or is reabsorbed), miscarriage rates (the number of
the spontaneous loss of a clinical pregnancy before week
20 per ET cycles) and LBR (the number of deliveries that
resulted in at least one live born fetus per ET cycle).

Statistical analysis
Statistical analysis was done using the Statistical Package
for Social Sciences (SPSS Inc., Chicago, IL, USA) version
21.0. The serum levels of P4 and E2 on the day of ET
were stratified into four quartiles according to the 25th,
50th and 75th percentiles. All the categorical variables
were compared with a Chi-square test between groups.
The Student’s t-test was used to compare continuous
variables. To analyze the impact of serum P4 on the day
of ET defined by the four quartiles on LBR a multivari-
ate logistic regression analysis was performed with all
the potential confounding variables. The women’s age
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and BMI, cause of infertility, endometrial thickness,
serum E2 and P4 quartiles, and number of MII oocytes
and transferred embryos were included in the regression
analysis. The receiving operating characteristic (ROC)
curve was applied to define the predictive capability of
serum P4 on LBR. The area under the curve (AUC) was
calculated and the optimal threshold to predict LBR was
defined according to sensitivity and specificity.

Results
Overall, 258 eligible women with HRT-FET cycles were
evaluated. The clinical pregnancy, miscarriage and live
birth rates were 35.6 % (92/258), 1.5 % (4/258) and
34.1 % (88/258) respectively. Data were then categorized
according to the presence (group I; n = 88) or absence
(group II; n = 170) of a live birth. Age, BMI, number of
mature oocytes (MII) and fertilization rate were found
to be similar between groups. The mean level of P4 on
ET day in patients without live birth (group II) was sig-
nificantly higher compared to group I (37.1 ± 25.8 versus
27.3 ± 15.0, P < 0.001). Although, there was no statisti-
cally significant difference between the groups in terms
of the mean level of E2 on ET day, despite the difference
being close to significant (P = 0.07) (Table 1).
The serum P4 values were divided into quartiles. The

serum P4 ranges for each quartile were Q1: < 19 ng/ml
(n = 64), Q2:19–29 ng/ml (n = 65), Q3:29–49 ng/ml (n =
65) and Q4: > 49 ng/ml (n = 64). Table 2 demonstrates
the clinical outcome in patients according to their serum
P quartile on ET day. The means of both age and BMI
were similar between the four quartiles groups. CPRs
were 29/64 (45.3 %), 31/65 (47.7 %), 20/65 (30.8 %) and

12/64 (18.8 %) respectively in the four quartiles group as
well as LBRs were 27/64 (42.2 %), 30/65 (46.2 %), 20/65
(30.8 %) and 11/64 (17.2 %) respectively, which were
found to be significantly lower in the fourth quartile
(P = 0.002). However, there is no significant difference
between the groups in terms of blighted ovum and mis-
carriage rates.

In similar way, the serum E2 values were divided into
quartiles. The serum P4 range for each quartile were Q1:
< 411 pg/ml (n = 64), Q2: 411–632 pg/ml (n = 65), Q3:
632–905 pg/ml (n = 65) and Q4: > 905 pg/ml (n = 64).
Table 3 shows the clinical outcome in patients according
to quartiles of the serum E2 on ET day. The means of
women’s age and BMI were similar between the four
quartiles groups. CPRs were 22/64 (34.4 %), 30/65
(46.2 %), 25/65 (38.5 %) and 15/64 (23.4 %) respectively,
(P = 0.056); similarly, LBRs were 20/64 (31 %), 30/65
(46.2 %), 24/65 (36.9 %) and 14/64 (21.9 %) respectively,
(P = 0.042), that were found to be significantly lower in
Q4 group. However, there is no significant difference be-
tween groups in terms of blighted ovum and miscarriage
rates.
When all of the parameters were entered in a

multivariate logistic regression model to identify
which factors affect the live birth outcomes, the
serum level of progesterone on ET day was the only
significant variable. The patients in the highest quar-
tile of progesterone, (Q4) 76 %, were less likely to
have live birth compared to those in the second quar-
tile of progesterone (Q2) (OR: 0.24; CI: 0.10–0.65,
P = 0.001) (Table 4).

Table 1 The characteristics of women grouped according to presence of live birth

Variables* With live birth
(n = 88)

Without live birth
(n = 170)

P-value

Women’ age (yr.) 32.4 ± 4.1 33.1 ± 4.1 0.18

Body mass index (kg/m2) 25.2 ± 2.1 25.0 ± 2.2 0.50

Cause of infertility, n (%) 0.47

PCOS 35 (39.8) 71 (41.8)

Male factor 34 (38.6) 50 (29.4)

Tubal factor 6 (6.8) 20 (11.8)

Unexplained 8 (9.1) 15 (8.8)

Mixed (both female and male factor) 5 (5.7) 14 (8.2)

No. of MII oocytes 6.2 ± 1.9 6.0 ± 2.0 0.34

Basal serum FSH level ( IU/l) 5.9 ± 1.6 5.7 ± 1.7 0.26

Fertilization rate 0.76 ± 0.15 0.75 ± 0.14 0.62

Endometrial thickness (mm) 9.6 ± 1.4 9.5 ± 1.0 0.34

P4 level on ET day (ng/ml) 27.3 ± 15.0 37.1 ± 25.8 < 0.001

E2 level on ET day (pg/ml) 631.5 ± 350.5 722.5 ± 432.5 0.07

No. of transferred embryos 1.65 ± 0.47 1.59 ± 0. 49 0.30

*Significant level was considered at p < 0.05; values are presented as mean ± standard deviation or number (percentage)
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The ROC curve showed a significant predictive value
of serum P4 levels on the day of ET for LBR, with an
AUC = 0.61 (95 % CI: 0.54–0.68, P = 0.002). The optimal
serum P4 threshold, with 70 % sensitivity and 50 % speci-
ficity, for LBR was 32.5 ng/ml. The LBR around this
threshold was 42.2 % versus 23.4 % for a serum P4 < 32.5
or ≥ 32.5 ng/ml (P = 0.02) (Fig. 1).

Discussion
We conducted this study to investigate whether P4 and
E2 levels measured on embryo transfer day could be cor-
related to pregnancy outcomes following FET cycles
with the same endometrial preparation and luteal phase
support. We identify a significant association between
serum P4 levels, CPR and LBR. However, these relation-
ships were not significant in the case of estradiol levels.
In our study, patients with progesterone levels in the
highest quartile (Q4) had a significantly lower likelihood
of CPR and LBR compared with those in the second
quartile (Q2). The current study has, additionally, shown
that women with a progesterone concentration ≥
32.5 ng/ml have significantly lower clinical pregnancy
and live birth rates. It is worth noting that in our study,
the level of progesterone in the lowest quartile was
19 ng/ml, and the mean of serum progesterone level was
higher than in previous studies, as only 14 patients
(5.4 %) had the minimum progesterone level (< 10.3 ng/

ml). This could be due to the fact that a combined ap-
proach of both vaginal and IM administration of proges-
terone for HRT endometrial preparation was employed.
The current literature regarding the optimal range for

P4 level on the day of ET in FET cycles using HRT regi-
men for endometrial preparation is limited and, indeed,
controversial. The first study conducted by Kofinas et al.
in a retrospective study, 213 patients were evaluated and
underwent single euploid embryo frozen transfer cycles
with programed endometrial preparation using 50 mg
IM progesterone, and they concluded that P4 levels >
20 ng/ml on the day of transfer were associated with de-
creased ongoing pregnancy and live birth rates [5]. Simi-
larly, Yovich et al.[3], investigated 529 FET cycles with
single blastocyst embryo transfer and a unique HRT
regimen with vaginal pessaries containing 10–20 mg mi-
cronized 17-beta –eosteradiol and 400 mg micronized
progesterone was used for all the participants. Their
analyses showed that mid-luteal serum progesterone
levels below 50 nmol/l (or 15.7 ng/ml) and above
99 nmol/l (or 31.1 ng/ml) were associated with de-
creased implantation rates. In their study, the maximum
level of progesterone (> 31.1 ng/ml) with determinant
impact on implantation rate [3], was similar to the re-
sults yielded in this study. These observations suggest
that either very low or very high level of progesterone
concentrations can impair endometrial maturation in

Table 2 The clinical outcome according to serum P values (ng/ml) on ET day

Variables* Q1 (< 19 ng/ml)
(n = 64)

Q2 (19–29 ng/ml)
(n = 65)

Q3 (29–49 ng/ml)
(n = 65)

Q4 (> 49 ng/ml)
(n = 64)

P-value

Women’ age (yr.) 31.8 ± 3.7 32.8 ± 4.4 33.4 ± 4.2 33.5 ± 3.8 0.066

Body mass index (kg/m2) 25.5 ± 2.1 24.8 ± 2.0 25.0 ± 2.1 24.8 ± 2.1 0.17

Positive pregnancy rate/ET, n (%) 31 (48.4) 34 (52.3) 27 (41.5) 17 (26.6) 0.017

Blighted ovum rates/ET, n (%) 2 (3.1) 3 (4.6) 7 (10.8) 5 (7.8) 0.301

Clinical pregnancy rate/ET, n (%) 29 (45.3) 31 (47.7) 20 (30.8) 12 (18.8) 0.002

Miscarriage rate/ET, n (%) 2 (6.89) 1 (3.22) 0 (0) 1 (8.33) 0.590

Live birth rate/ET, n (%) 27 (42.2) 30 (46.2) 20 (30.8) 11 (17.2) 0.002

* Significant level was considered at p < 0.05

Table 3 The clinical outcome according to serum E2 values (pg/ml) on ET day

Variables* Q1 (< 411
pg/ml)
(n = 64)

Q2 (411–632 pg/ml)
(n = 65)

Q3 (632–905 pg/ml)
(n = 65)

Q4 (> 905 pg/ml)
(n = 64)

P-value

Women’ age (yr.) 32.7 ± 4.2 32.8 ± 4.1 32.3 ± 3.9 33.7 ± 4.0 0.29

Body mass index (kg/m2) 25.0 ± 2.1 25.2 ± 2.0 24.7 ± 2.0 25.0 ± 2.1 0.17

Positive pregnancy rate/ET, n (%) 29 (45.3 %) 33(50.7 %) 29 (44.6 %) 18(28.1 %) 0.056

Blighted ovum rate/ET, n (%) 7 (10.9 %) 3 (4.61 %) 4 (6.15 %) 3 (4.68 %) 0.428

Clinical pregnancy rate/ET n (%) 22 (34.4) 30 (46.2) 25 (38.5) 15 (23.4) 0.056

Miscarriage rate/ET n (%) 2 (9.09 %) 0 (0 %) 1 (4 %) 1 (6.66 %) 0.431

Live birth rate/ET n (%) 20 (31 %) 30 (46.2) 24 (36.9) 14 (21.9) 0.042

*statistically significant difference; p < 0.05
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the implantation window. One interpretation is that low
progesterone may delay or impede, while excess proges-
terone levels may accelerate, development of endomet-
rium, and consequently either delay or advance the
implantation window. Indeed, implying that both envi-
ronments may impede synchronization of embryo and
endometrial asynchronous [3]. In agreement with Yovich
et al. [3], more consideration should be given when plan-
ning progesterone supplements during assisted repro-
ductive procedures, and the clinicians may require to
adjust their regimen and synchronization the day of
transfer to regulate serum progesterone concentration.
Furthermore, Labarta et al. in a prospective study,

evaluated 244 donor-oocyte recipients who underwent
FET cycles after artificial endometrial preparation with
estradiol valerate and vaginal micronized progesterone
(400 mg/12 h). They found that a serum P4 level <
9.2 ng/ml on the day of ET was associated with reduced
ongoing pregnancy rate [2]. Similarly, Cedrin-Durerin
et al. assessed 277 FET cycles using micronized estera-
diol (2 mg daily) and vaginal micronized progesterone
(600 mg daily) for endometrial preparation, and con-
cluded that a serum P4 level less than 10 ng/ml on the
day of ET was associated with significantly lowered preg-
nancy and live birth rates [10]. In agreement with this,
Gaggiotti-Marre and colleagues examined 244 FET cy-
cles with exactly the same HRT regimen, and demon-
strated that a low serum P4 value on the day prior to

Table 4 Multivariable logistic regression analysis for detecting prognostic factors regarding live birth rate

Variables * B Odds ratio (95% confidence interval ) P-value

Women’ age -0.04 0.95 (0.90–1.02) 0.16

Women’ body mass index 0.05 1.04 (0.89 − 0.12) 0.55

Cause of infertility

Polycystic ovary syndrome - Reference group -

Male factor 0.32 1.37 (0.76–2.50) 0.28

Tubal factor -0.49 0.60 (0.22–1.65) 0.32

Unexplained factor 0.07 1.08 (0.41–2.79) 0.87

Mixed factor (both male and female) − 0.32 0.72 (0.24–2.17) 0.56

Number of MII oocyte 0.07 1.07 (0.92–1.25) 0.34

Number of transferred embryos 0.15 1.16 (0.67-2.0) 0.57

Endometrial thickness on ET day 0.09 1.09 (0.90–1.31) 0.34

Progesterone value quartile (Q1) on ET day (< 19 ng/ml) -0.16 0.851 (0.42–1.70) 0.650

Progesterone value Q2 on ET day (19–29 ng/ml) - Reference group - -

Progesterone value Q3 on ET day (29–49 ng/ml) -0.65 0.51 (0.25–1.06) 0.073

Progesterone value Q4 on ET day (> 49 ng/ml) -1.41 0.24 (0.10–0.54) 0.001

Estradiol value Q1 on ET day (< 411 pg/m) - Reference group - -

Estradiol value Q2 on ET day (411–632 pg/ml) 0.60 1.82 (0.87–3.83) 0.11

Estradiol value Q3 on ET day (632–905 pg/ml) 0.33 1.39 (0.65–2.96) 0.38

Estradiol value Q4 on ET day (> 905 pg/ml) -0.43 0.65

*statistically significant difference; p < 0.05

Fig. 1 Receiver operating characteristic (ROC) curve for prediction of
the live birth rate using serum progesterone levels on the day of
embryo transfer. AUC = area under the curve. The serum
progesterone cut-off point (32.5 ng/ml) with 70 % sensitivity and
50 % specificity was significant predictor (AUC = 0.61, 95 % CI:
0.54–0.68, P = 0.002)
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ET ≤ 10.64 ng/ml was associated with decreased preg-
nancy and live birth rates following frozen-thawed eu-
ploid embryo transfer. Moreover, they found that
women in the lower P4 quartile had a significant higher
miscarriage rate compared with those in the higher
quartiles [7]. Recently, Boynukalin et al., in a prospective
study, evaluated 168 patients who underwent a single
euploid FET cycle with HRT endometrial preparation
using estradiol valerate and 100 mg of IM progesterone.
Their data analysis showed that patients with serum P4
levels < 13.6 ng/ml prior to ET had a significantly re-
duced likelihood of ongoing pregnancy [6].
As mentioned above, the previous studies have re-

ported that low P level prior to FET is associated with
poor pregnancy outcome. Most of the previous studies
administered vaginal progesterone for endometrial prep-
aration [2, 3, 7, 10], except for Kofinas et al.[5] and Boy-
nukalin et al.[6] studies that used IM progesterone.
Furthermore, in the present study, the endometrial prep-
aration was performed by combining both vaginal and
IM progesterone. Therefore, the differences in the meth-
odology of the previous studies have made it difficult to
compare the results. The upper limit of progesterone in
fourth quartile group in this study was similar to two
previous studies that used IM progesterone for endo-
metrial preparation. It is well known that the progester-
one concentration in endometrial tissue after using
vaginal progesterone supplementation is significantly
higher than those with IM progesterone administration,
whereas; serum progesterone levels are approximately
four times higher with IM progesterone compared with
vaginal administration [15, 16]. Therefore, serum proges-
terone cut-off points will differ according to the route of
progesterone administration [9]. As Shapiro and col-
leagues have reported, the monitoring of serum P4 levels
is unprofitable [17]. In the case of trans-vaginal adminis-
tration of drugs, despite the low serum P4 levels, the
endometrial concentration of P4 were higher than the
intramuscular injection cases, due to the uterine first-
pass effect [18–20].
Evidence from the natural cycles in fertile women

demonstrated that low levels of progesterone are neces-
sary to achieve endometrial receptivity for embryo im-
plantation [21]. Hull et al. in a classical study showed
that a lower threshold of 9.4 ng/ml was optimal for fer-
tility in natural cycles [22]. Regarding FET cycles, Rame-
zanali et al. [23] found that there was no significant
difference in P4 levels on the day of ET between preg-
nant and non-pregnant women (8.7 ± 0.5 versus 8.2 ±
0.5 ng/ml) in a longitudinal study of 101 modified nat-
ural FET cycles. In artificial cycles, current evidence sug-
gests that P4 levels of > 5 ng/ml provide an acceptably
primed endometrium, resulting in endometrial luteiniza-
tion and receptivity, which did not differ from that

achieved by very higher levels [24, 25]. However, the
question of whether this is functionally sufficient for im-
plantation and maintenance of pregnancy in artificial cy-
cles remains unanswered [2].
Contrary to some previous studies, this study found

no association between progesterone quartiles groups
and miscarriage rate. In previous studies, patients in the
lowest quartile of progesterone had significantly higher
miscarriage rates. Due to the fact that only a small num-
ber of patients in our study had minimum reported
threshold of progesterone concentration (< 10 ng/ml),
with most participants having favorable serum levels, the
results from this study cannot fully allow for clarification
of the effects of progesterone levels at the minimum
threshold.
In agreement with previous findings, in this study

there was a wide range of serum progesterone levels
amongst participants despite administration of same
dose of progesterone for all patients. The exact reason
for this is uncertain, however the variability of drug ab-
sorption in patients with differing BMIs and metabolic
variations might help explain this [3, 6]. As Boynukalin
et al. stated, serum P4 levels on ET were related to BMI
and women with a higher BMI would likely benefit from
higher doses of progesterone upon beginning HRT.
Therefore, further pharmacokinetic research is required
to define optimal dosage [6]. Nevertheless, the wide
range of serum progesterone values highlight that the
progesterone drug uptake, distribution and metabolism
can vary immensely between patients, making predicting
luteal progesterone concentrations impossible without
proper monitoring [9].
Interestingly, the negative impact of high serum E2

levels was also observed in the present study, with pa-
tients in the highest quartile (Q4) having the lowest LBR.
However, after multivariate logistic regression analysis,
the E2 levels on the day of ET had no significant predict-
ive value for LBR. A review of the literature showed that
the results were controversial in this area. In a retro-
spective study, Bocca et al., evaluated the relationship
between E2 (late follicular phase) levels and pregnancy
outcomes in HRT cycles. The results revealed that late
follicular phase serum E2 levels did not predict preg-
nancy outcomes in HRT cycles [26]. In line with this,
Niu et al., concluded that estradiol monitoring in FET
cycle using HRT without pretreatment with gonado-
tropin hormone (GnRH) agonist is unnecessary [27]. In
a recent retrospective cohort study, He and colleagues
found that the concentration of serum E2 on the day of
embryo transfer cannot serve as an indicator to predict
the outcomes of artificial FET cycles [28]. Contrastingly,
Fritz et al., reported that elevated E2 levels in artificial
autologous FET cycles are associated with lower ongoing
pregnancy and live birth rates, and suggested estradiol
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levels should be monitored during artificial FET cycles
[29]. Since the timing of the measurements and the
route of E2 administrations in the previous studies have
varied, further prospective studies with larger sample
sizes are warranted to reach a consensus in this area.
A major limitation of the current study is that the

transferred embryos were not determined to be euploid.
However, we have included the patients with top quality
blastocyst embryos for transfer.
Additionally, we used both IM and vaginal progester-

one for endometrial preparation, which precludes com-
paring these results with the previous studies. The
clinical implications of these findings could suggest that
a maximum progesterone value appears to be associated
with lower live birth rate under these treatment condi-
tions, and it can be a warning that increasing dose of
progesterone should be performed with caution and
careful monitoring.
In conclusion, this study demonstrates that high serum

progesterone (≥ 32.5 ng/ml) on ET day in HRT–FET cy-
cles significantly reduces the chance of live birth follow-
ing blastocyst transfer. Since the timing and type of
HRT regimen in previous studies have varied, the lower
and upper threshold of progesterone concentrations
prior to ET cannot be conclusively determined. The
measurement of P4 levels and its monitoring during FET
cycles is essential to predict the outcome of pregnancy
and allow for individualized luteal phase support to be
determined for each patient. However, the results are
still controversial regarding the necessity of screening
for serum E2 levels before ET, and further prospective
studies are required.
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