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Objective: To evaluate intraday serum progesterone levels on the day of final oocyte
maturation in women undergoing ovarian stimulation in a GnRH-antagonist protocol.

Study design, size, and duration: The study was done as a prospective observational
study at a Private IVF centre in Muscat, Oman. 30 patients were recruited from May 2018
to March 2019.

Patients: Thirty patients with primary/secondary infertility and an indication for ovarian
stimulation for IVF/ICSI treatment. The study was registered at the clinicaltrials.gov under
the number: NCT03519776.

Main outcome measures: Progesterone levels at 4 time points (8a.m., 11a.m., 2 p.m.
and 5 p.m.) on the day of final oocyte maturation.

Results: A total of 120 samples from 30 patients were included in this prospective
study. Progesterone levels on the day of final oocyte maturation showed a significant
decline over the day with the mean values at 8a.m.:1.0ng/ml, at 11a.m.:0.8ng/ml, at
2a.m.: 0.7ng/ml and at 5 p.m.:0.6 ng/ml. The difference between the first and the last
progesterone level was 0.4 ng/ml, reflecting a 37.8% decline of the progesterone level
within 9 h and there was a highly significant decrease in the progesterone levels recorded
between 8a.m. and 11 a.m., between 8a.m. and 2 p.m., between 8a.m. and 5 p.m. and
11a.m.and 5 p.m. (o < 0.001).

Conclusion: The study findings have two clinically important conclusions: Firstly,
progesterone levels on the day of final oocyte maturation decline significantly from the
morning to the afternoon in patients, questioning the reliability of one arbitrarily taken
progesterone level regarding the decision to perform a fresh embryo transfer or to
cryopreserve the embryos. Secondly, declining progesterone levels 12h after the last
administration of gonadotropins support the theory that enhanced ovarian stimulation
at the end of the follicular phase leads to an overload of the capacity of the enzymes
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metabolizing progesterone further on, therefore resulting in elevated progesterone levels
in circulation.

Keywords: progesterone variation, day of final oocyte maturation, ovarian stimulation, gonadotropins, elevated
progesterone level
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INTRODUCTION

The serum level of progesterone (P4) during the follicular phase
and especially on the day of final oocyte maturation in stimulated
IVE/ICSI cycles has been widely studied since the initial studies
in 1991 (1). Evidence suggests that elevated progesterone levels
during late follicular phase adversely affect implantation and
pregnancy rates (2, 3). According to literature, the critical value
above which an adverse impact on pregnancy rate occurs has
been defined at 1.5 ng/ml (2). Hence, serum progesterone values
during the late follicular phase of ovarian stimulation attract
significant interest and the etiology of the progesterone elevation
is a matter of ongoing research.

Despite the common belief that progesterone is present only
during the luteal phase, a small increase in P4 levels is observed
prior to the LH surge. In contrast to a natural cycle with the
development of typically a single dominant follicle, the aim
of ovarian stimulation for IVF is to maximize the chances of
pregnancy by recruiting an adequate number of oocytes. In order
to achieve this goal and following the FSH threshold concept
(4), ovarian stimulation prior to IVF requires the administration
of relatively high doses of exogenous gonadotropins to support
multi-follicular growth (5). To prevent serum gonadotropin
levels from dropping below the threshold with the consequence
of follicular growth arrest, daily gonadotropin injections are
required to maintain continuous stimulation of the follicles
until final oocyte maturation. This results in supraphysiological
serum steroid levels creating a completely different endocrine
environment as compared to a natural cycle and progesterone
elevation at the end of the follicular phase is documented in up
to 30% of the stimulated ART cycles (6, 7).

The progesterone level on the day of final oocyte maturation
is a crucial parameter regarding the decision whether to perform
a fresh embryo transfer or cryopreserve the embryos. Whereas,
in a natural cycle, mean levels of progesterone decline rapidly
during the daytime and increase again in the early morning
(8,9), there is a lack of knowledge regarding the secretory-pattern
of progesterone during the day of final oocyte maturation in
stimulated cycles.

A recently published study (10) found a significant decline
of progesterone levels on the day of trigger in a population of
young oocyte donors, undergoing ovarian stimulation for oocyte
retrieval. Contrary to a population of oocyte donors, in the “real
life scenario” of an infertility clinic, the progesterone level on
the day of final oocyte maturation is of utmost importance for
patients who are planned to undergo a fresh embryo transfer.
Therefore, this study was designed to analyse the variation
of progesterone levels on the day of final oocyte maturation
by measuring progesterone at four different times in a “real”
infertile population.

MATERIALS AND METHODS
Study Design and Participants

This prospective observational study was conducted from May
2018 to March 2019 in IVIRMA Fertility Clinic Muscat,
Oman. Patients with primary/secondary infertility and an

indication for IVF/ICSI treatment were included, fulfilling the
following inclusion criteria: age 18-40 years, BMI 18-35 kg/m?,
menstrual cycle length 24-35 days and ovarian stimulation using
recombinant Follicle-stimulating-hormone (rec FSH) or human-
Menopausal-Gonadotropin (hMG) in an antagonist cycle. At the
time of drafting of protocol there was no published data on the
fluctuation of the progesterone levels during the day of final
oocyte maturation, therefore 30 patients were chosen as this trial
was launched as a pilot study. All recruited patients provided
written informed consent in accordance with the Declaration
of Helsinki.

Evaluation of Ovarian Reserve Parameter
The value of AMH for all patients was measured on day 2/3 of the
menstrual cycle using Cobas e 411 analyzer (Roche Diagnostics,
Mannheim, Germany). The measuring range is 0.01-23 ng/ml
(0.07-164 pmol/L). Values below the limit of detection are
reported as <0.01 ngm/ml, values above the measuring range
are reported as >23ng/ml or up to 46ng/ml for a two-fold
diluted sample. The antral follicle count (AFC) was evaluated on
day 2/3 of the cycle at the time of start of ovarian stimulation.
Transvaginal scans were performed using a Voluson 6 (GE
Healthcare, Milwaukee, W1, USA) ultrasound machine, equipped
with a 7-10 MHz two-dimensional transvaginal probe. The
patients were asked to empty their bladders and were placed in
the lithotomy position. For the determination of the AFC, all
follicles in a size from 2 to 10 mm were counted for each ovary
and summed up for the AFC result.

The samples of estrogen, progesterone, FSH, LH, AMH
were collected on the first day of stimulation. The patients
were followed up and reevaluated for hormones on day
8/9 of stimulation and thereafter as per individual response
to treatment.

Ovarian Stimulation and Oocyte Pick-Up
Procedure

Ovarian stimulation was performed in a flexible antagonist
protocol, using either rec FSH or HMG as stimulation
medication and GnRH antagonist Cetrotide 0.25 {European
marketing division-Serono, Mfg. date 03/2018}, or Ganirelix
Acetate 0.25 mg {Organon, Mfg. date 27/10/2017} for pituitary
suppression. Stimulation medication dose was individualized
according to the ovarian reserve parameters (11). A daily dose of
0.25 mg of GnRH antagonist was started depending on follicular
size when a dominant follicle was 14 mm in diameter. All patients
were administered the gonadotropins for ovarian stimulation at
8 p.m. and GnRH antagonist for pituitary suppression at 8 a.m.
If indicated, dose adjustment during ovarian stimulation was
individualized according to patients response. In case a starting
progesterone elevation, in combination with a good ovarian
response was seen during ovarian stimulation, gonadotropin
dosage was reduced as described previously (12). As soon as three
or more leading follicles >17 mm in diameter were observed,
depending on the ovarian response, final oocyte maturation was
induced by administration of either hCG (2,500, 5,000 or 10,000
IU), GnRH agonist (Triptorelin 0.3 mg) in case of risk of OHSS
(13), or dual trigger (hCG and GnRH-analog).
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Oocyte retrieval was carried out 36h after administration
of medication for final oocyte maturation. Two experienced
reproductive medicine specialists performed the oocyte retrieval
and a common technique was established for these procedures.

Blood Collection and Hormone

Measurements

The samples of FSH and LH were collected at the time of
starting stimulation, which was day 2/3 of patient’s menstrual
cycle. They were measured by Cobas elecys 2010, modular
analytics E170. The detection limits are p 0.1-200 mIU/ml
(defined by the lower detection limit and the maximum
of the master curve). Values below the detection limit are
reported as <0.100 mIU/ml. Values above the measuring
range are reported as >200 mIU/ml. Blood samples on
the day of final oocyte maturation were drawn from the
ante cubital vein by direct puncture. Blood sampling was
performed four times during the day at an interval of 3
h: 8am.1lam.,2 p.m., and 5 p.m. before administration of
the trigger medicine. The blood samples with a volume of
10ml were centrifuged for 10min at 4,000 rpm (revolution
per minute) and the supernatant was retrieved and frozen at
—21°C. For progesterone measurement, the assay ELECSYS®
progesterone generation III was used. The measuring range
is 0.159-191 nmol/L or 0.05-60ng/ml. For detection of
analytical specificity, cross-reactivities toward other hormones
were used with a maximum cross-reactivity of 3.9% toward
11-Deoxycorticosterone and the minimum cross-reactivity of
0.001% toward Danazol!. All samples were thawed at one time
and analyzed using the same assay in order to avoid any batch-
to-batch variability.

Statistical Analysis
Continuous data are summarized according to mean, standard
deviation, minimum and maximum. Confidence intervals at
95% are presented for the mean values (95% CI). Progesterone
levels are represented as a box plot to describe the variable
distribution according to time measurements. The absolute
difference between values in P4 based on pair difference
for the four measurements were calculated to test mean
differences. Since measures are evaluated in a single patient
four times but compared two by two a dependent paired
T-test was used to test for mean differences. Pearson’s
correlation coefficient (p) was calculated to find the correlation
between the continuous parameters and the progesterone
levels at the different time points. GLM(General Linear
Model) procedure was applied to evaluate the relationship
of categorical variables and progesterone levels at different
time points.

A p < 0.05 is statistically significant. All analyses were
performed using SAS studio (SAS® Studio).

Uhttps://pimeservices.roche.com/eLD_SF/ae/en/Documents/
GetDocument?documentld=4db8c0f1-4751-e711-acb2-00215a9b3428;S2
file.Product information ROCHE Cobas Progesterone III.

TABLE 1 | Baseline parameters of the patients.

Parameter No. of Mean + SD 95% ClI Min Max
patients

Female age (years) 30 329+ 4.5 31.2-34.6 23 40.0

Female BMI 30 26.7 £ 4.3 25.1-283 1796 33.8

(kg/m?)

Previous 30 0.4+0.8 0.1-0.7 0 3.0

pregnancies

Previous deliveries 30 0.3£0.5 0.1-0.5 0 3.0

FSH on day 2/3 of 30 7.3+26 6.3-8.2 2.3 15.9

cycle (IU)

LH on day 2/3 of 30 6.2+2.6 5.2-7.1 1.8 1.7

cycle (IU)

AMH on day 2/3 30 3.1+19 2.4-3.9 0.6 8.2

(ng/ml)

AFC total on day 30 18.2 £ 8.8 14.9-21.5 4.0 32.0

2/3

AFC, antral follicle count; AMH, anti-mullerian hormone; FSH, follicle stimulating hormone;
LH, luteinising hormone; BMI, body mass index.

RESULTS

A total of 120 samples from 30 patients were included in this
prospective study. The mean age of the patients was 32.9 years
(CI95% 31.2-34.6; SD 4.5) and the mean BMI was 26.7 kg/m? (CI
95% 25.1-28.3; SD 4.3). The ovarian reserve parameters showed
a mean value of AMH of 3.1 ng/ml (CI 95% 2.4-3.9; SD 1.9)
and for AFC a mean value of 18.2 (CI 95%14.9-21.5; SD 8.8).
Out of the 30 patients included in the study 15 (50%) were cases
of male factor infertility, 7 (23.3%) with ovulation disorders, 5
(16.7%) with low ovarian reserve according to Bologna criteria
(14), 1 (3.3%) with endometriosis and 2 (6.7%) with infertility of
unknown etiology. The baseline investigations are summarized
in Table 1.

Ovarian stimulation for IVF/ICSI was performed in a GnRH-
antagonist protocol in all patients. Stimulation length ranged
from 8 to 15 days with a mean of 11.3 days (CI 95%10.7-11.8;
SD 1.6). The average value of progesterone for reducing the dose
of gonadotropin was 0.6 ng/ml (CI 95% 0.5-0.8; SD 0.3). On
the day of final oocyte maturation, a mean follicle number of
17.8 (CI 95% 14.8-20.8; SD 8.0) was seen during the vaginal
ultrasound. By means of oocyte pick up (OPU) procedure, a
mean of number 15.1 (mean CI 95% 12.5-17.6; SD 6.9) were
retrieved, out of which 10.7 (mean CI95%, range 8.8-12.5; SD
4.9) oocytes were mature(MII).The stimulation characteristics
are charted in Table 2.

Serum progesterone levels on the day of final oocyte
maturation were highest in the morning and declined during
the day, with the following mean values: at 8 a.m.:1.0 ng/ml, at
11 a.m.:0.8 ng/ml, at 2 p.m.:0.7 ng/ml and at 5 p.m.:0.6 ng/ml. The
coeflicient of variation for those values were 44.7, 43.8, 43.0, and
50.1 respectively to each point time. The difference between the
first and the last progesterone level was 0.4 ng/ml, reflecting a
37.8% decline of the progesterone level within 9 h. The difference
noted in the progesterone levels between 8a.m. and 11a.m,
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TABLE 2 | Stimulation characteristics.

Parameter No. of Mean + SD 95% CI Min Max
patients

Stimulation period 30 11.3+1.6 10.7-11.8 8.0 15.0

(in days)

Endometrial 30 72+1.9 6.5-7.9 50 14.0

thickness on

trigger day (mm)

No of follicles 30 17.8+8.0 14.8-20.8 4.0 30.0

(>11mm) on the

day of final oocyte
maturation

Total dosage of Gn 30
(V)

Total dosage of 30
antagonist (mg)

No of COCs 30
retrieved

3135.1 £ 1314.9 2644.1-3626.1 1500 5775
1.56+04 1.4-1.7 08 22
16.1+£6.9 12.6-17.6 2 29

No of mature 30
oocytes

10.7 £ 4.9 8.8-12.5 2 22

Gn, gonadotropins; COC, Cumulus oophorus complex; Cl, confidence interval.

TABLE 3 | Relationship between the different parameters and the mean
progesterone levels at 8a.m. and 5 p.m.

Variable Mean progesterone

level at 8a.m.

Mean progesterone
level at 5 p.m.

(1.03 ng/ml) (0.64 ng/ml)
Number of follicles p =0.02 p=0.21
Number of COCs retrieved p=0.11 p=0.42
Number of Ml p=0.03 p =0.02
Type of trigger p=0.22 p=0.43

p = ANOVA. COC, Cumulus oophorus complex; Mil, Mature oocytes.

2.0

outlier

Maximum observation

1.0
Q3 (75th percentile)

o mean

Progesterone levels (ng/ml)
|
|

medizn

0125 percentile)
- Minimum observation

@ 2PM O SPM

0.5 -

| 8AM 3 11AM

FIGURE 1 | Mean and Median progesterone levels (ng/ml) on the day of final
oocyte maturation.

8a.m. and 2 p.m., 8a.m. and 5 p.m., 11 a.m. and 5 p.m. showed a
highly significant decrease (p < 0.0001) and a significant decrease
from 11a.m. to 2 p.m. (p = 0.0002). However, no significant

decrease was observed between 2 and 5 p.m.The SD, 95% CI for
the progesterone measurements at the different time points are
given in Table 3 and the decline in progesterone values over the
day is charted in Figure 1.

Highly significant correlations were found between the AFC
and the progesterone level at 8 a.m. (p < 0.001) as well as between
the AMH level and progesterone level at 8 a.m. (p <0.001).

The correlation between number of follicles seen on the day
of final oocyte maturation and progesterone level at 8 a.m. was
significant whereas no correlation was found to the progesterone
level at 5 p.m. The values of progesterone at 8a.m. and 5 p.m.
on day of trigger did not show any significant correlation with
BMI, age, values of LH, and FSH on day 2/3 of the cycle,
the dose of gonadotropin or GnRH-antagonist, the number of
stimulation days or type of medication for ovulation induction
used. The correlations between the different parameters and
the progesterone levels at 8 a.m. and 5 p.m. are summarized in
Figure 2. The absolute mean difference in progesterone levels on
day of final oocyte maturation is charted in Figure 3.

DISCUSSION

The progesterone level on the day of final oocyte maturation
plays a crucial role in the decision to perform either a fresh
embryo transfer or, in the event of progesterone elevation, to
vitrify the embryos and perform cycle segmentation. However,
the published and commonly accepted cut-off value of 1.5 ng/ml
(2) is not only based on different assays used for progesterone
measurement, which may impact the progesterone result (12),
furthermore, it is also based on a progesterone level, taken
on an arbitrary time on the trigger day. Recently, the group
of Gonzélez-Foruria et al. (10) published a 44.0% decline of
progesterone levels over the day of final oocyte maturation in
a group of 20 oocyte donors. In the herein presented study,
we evaluated the course of progesterone levels on the day
of final oocyte maturation in a group of 30 patients with
primary/secondary infertility and an indication for ovarian
stimulation for IVF/ICSI treatment. The findings of our
study confirmed the findings of Gonzalez-Foruria et al. (10)
demonstrating a significant decline of the P4 level from the
morning to the afternoon in patients who are stimulated in a
GnRH-antagonist protocol, taking the stimulation medication
in the evening, 12h prior to the first P4 measurement. As
afore mentioned, the event of P4 elevation on day of final
oocyte maturation occurs in up to 30.0% of the stimulated
ART cycles (6, 7). Elevated progesterone levels adversely
affect endometrial receptivity and pregnancy rates through
endometrial advancement, leading to asynchrony between
endometrial development and embryo stage (15). Moreover, as
per latest studies, elevated progesterone values on trigger day can
negatively impact oocyte and embryo quality (16-18).

The current study, as well as the study of Gonzalez-Foruria
et al. (10), demonstrate clearly significant variations in daily
progesterone levels on the day of final oocyte maturation. These
findings question the accuracy of the single result and raise
doubts, whether the reproductive medicine specialist is able to
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draw solid conclusions when depending on this blood test result
to decide on a possible adverse impact on endometrial receptivity
and embryo quality.

The clear decline of the progesterone levels over the day of
final oocyte maturation, which was shown in the blood tests
12, 15, 18, and 21h after the last gonadotropin administration
in both studies confirm the theory, that elevated progesterone
levels are a result of enhanced stimulation pressure on the
follicles toward the end of stimulation (19, 20). Compared
to our data, the study of Gonzilez-Foruria (10) found a
more pronounced decrease of progesterone levels over the
day of final oocyte maturation (37.8 vs. 44%), most probably
due to a longer duration between the first and the last
progesterone measurement (9 vs. 12 h). Ovarian stimulation for
IVF requires daily administration of exogenous gonadotropins
to result in multifollicular growth and each of these follicles
contribute to the amount of progesterone in circulation (21).
The significant correlation in our study between the number
of follicles seen on the day of final oocyte maturation and
the progesterone level at 8 a.m. confirm the findings of Kyrou
et al. (21). Furthermore, the highly significant correlation
between AMH / AFC and the progesterone level at 8a.m.
underlines the risk of patients with a good ovarian reserve
to develop elevated progesterone levels on the day of final
oocyte maturation.

Estradiol and progesterone are products of the steroidogenesis
and the concentrations of both hormones increase with
growing follicle diameter (22). The enzyme CYP17 metabolizes
progesterone further on, however due to low lyase activity
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progesterone concentration increases particularly toward the
end of ovarian stimulation, causing elevated progesterone
levels in stimulated IVF cycles (23). Reduction of the FSH
stimulation dosage will prevent an overload of the capacity
of the CYP17 enzyme activity which has been corroborated
by our study, finding of a significant decline in serial
progesterone levels in parallel with the subsiding effect of the
stimulation medication.

The inclusion of 30 “real life” infertility patients, the use
of different exogenous gonadotropins for ovarian stimulation
and the measurement of all progesterone values with the same
reagents, starting 12h after the last gonadotropin injection, are
the strengths of our study. A limitation may be seen in the
restriction of the study to patients, being stimulated in a GnRH-
antagonist protocol, as well as in the administration scheme with
the gonadotropin injections taken in the evening. Therefore,
these findings may not apply to the course of progesterone
levels on the day of final oocyte maturation in other stimulation
protocols and with a different timing of the gonadotropin
injections. Further on, progesterone levels were not correlated
with the reproductive outcomes as the number of participants
were only 30 and due to the fact that a “freeze-all” strategy for
all cycles was applied. Based on our previous publications on the
etiology of progesterone serum levels during ovarian stimulation
for ART (12, 19) and the knowledge gained from the current
study, it maybe speculated that the diurnal serum progesterone
levels would be opposite of the current findings (higher in the
morning and lower in the evening), if gonadotropins would be
administered in the morning. Future studies with different timing
of gonadotropin administration should be performed to evaluate
and possibly confirm this theory.

CONCLUSIONS

The herein described findings of our study have an important
impact on the daily work of a reproductive medicine specialist.
The findings of a significant decline in progesterone levels from
12 to 21 h after the evening gonadotropin administration, on the
day of final oocyte maturation underlines firstly the importance
of a critical evaluation of the progesterone measurement, as this
progesterone level is a crucial parameter which has a significant
impact on the decision for or against a fresh embryo transfer
or the need to vitrify embryos. This finding is important as it
will raise the awareness of the reproductive medicine specialist
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