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Impact of mid-luteal serum progesterone levels on
pregnancy outcome in fresh and frozen embryo transfer
cycles in women of Indian ethnicity

Jasneet Kaur, Padmaja Naidu, Rani Kumkum, Nalini Mahajan

Department of Reproductive Medicine, Mother and Child Hospital, New Delhi, India

Abstract

Context: Luteal phase defect has been identified in all assisted reproductive technology cycles, necessitating
progesterone supplementation.

Aims: The aim of our study was to assess whether mid-luteal serum progesterone (P) levels’ impact pregnancy
outcome in fresh and frozen embryo transfer (FET) cycles.

Settings and Design: A total of 145 women undergoing embryo transfer (ET) were prospectively enrolled
and received standard luteal phase support.

Methodology: Serum progesterone levels were assessed for all the patients in the mid-luteal phase. Patients
were divided into groups based on the type of ET performed. Group A — fresh ET and Group B — FET. These
groups were further subdivided based on mid-luteal serum P levels being below (Groups A1/B1) or above
15 ng/mL (Groups A2/B2). Progesterone levels were correlated with the clinical pregnancy outcome.
Statistical Analysis Used: Chi-square test was used for qualitative analysis, and student’s t-test was used
for comparison of means.

Results: Patients with mid-luteal serum P levels <15 ng/mL (Group A1) in fresh ET cycles had a statistically
significant lower clinical pregnancy rate (CPR) (P = 0.049). In FET cycles, though there was no difference
in the CPR, the percentage of biochemical pregnancies was significantly higher in the group with
P levels <15 ng/mL (Group B1) (P = 0.024).

Conclusions: This study suggests that, in Indian women, mid-luteal serum P levels <15 ng/mL have a negative
impact on pregnancy outcome in both fresh (<CPR) and FET (>biochemical pregnancies) cycles. Individualizing
luteal phase support by measuring serum progesterone levels might help to enhance pregnancy outcomes.
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of ultrastructural hallmarks of the secretory phase
endometrium such as giant mitochondria, subnuclear
glycogen deposits, pinopodes, and nucleolar channel
system facilitating implantation.! It is also thought to
facilitate implantation by promoting the immune system to
produce noninflammatory T-helper-2 cytokines.™” In the
presence of sufficient progesterone, CD56 cells synthesize
progesterone-induced blocking factor which is projected
to have antiabortive activity.! Progesterone also promotes
nitric oxide production which improves blood flow and
oxygen to the endometrium.”

Luteal phase defect (LPD) has been identified in
all assisted reproductive technology (ART) cycles,
necessitating progesterone supplementation. Removal of
granulosa cells during oocyte retrieval (OR), prolonged
pituitary suppression due to agonist administration in
gonadotropin-releasing hormone (GnRH) agonist cycles,
or supraphysiological levels of steroids, leading to inhibition
of LH release through negative feedback actions at the
hypothalamic—pituitary axis level, have been implicated in
the etiology of LPD.* There is thus a consensus on the
need for progesterone supplementation in the luteal phase
of all stimulated ART cycles.”!"!

The importance of progesterone during the process of
implantation and eatly pregnancy cannot be overemphasized
and it seems plausible that LPD might be a cause of failing
implantation and eatly pregnancy loss (EPL) in ART.I""
Studies suggest that fresh 7n vitro fertilization—embryo
transfer (IVF-ET) cycles, in which conceptions occur, have
a more rapid rise of progesterone and higher mid-luteal
progesterone levels compared to nonconception cycles.!
There is a paucity of literature on the luteal serum P levels
in frozen ET (FET) cycles, and a cutoff level for mid-luteal
serum P that may influence the outcome of IVF-ET cycles
has not been defined. Itis also not clear whether increasing
progesterone supplementation can improve implantation
rate. We conducted a study to elucidate the effect of
mid-luteal serum progesterone levels on pregnancy
outcome in ART cycles.

Aim of the study

The aim of the study was to assess whether mid-luteal
serum progesterone levels’ impact pregnancy rate and EPL
in fresh and FET cycles in women of Indian ethnicity.

MATERIALS AND METHODS

Source of data
A total of 145 women undergoing fresh and FET at a
tertiary care ART Centre between April 2016 and October
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2016 were enrolled in the study, after obtaining written and
informed consent. Ethical clearance was obtained.

Study design
The study design was a prospective cohort study.

Inclusion criteria

Patients <40 years undergoing both fresh and FET cycles
at our ART center during the study period were included
in our study.

Exclusion criteria

Patients with a history of recurrent implantation failures
and poor embryo quality were excluded from the study.
Patients wherein a change in luteal phase support was
required due to inability to tolerate vaginal/injectable
progesterone were also excluded from the study.

Methodology

GnRH antagonist protocol with gonadotropin stimulation
was followed for IVE in all the patients enrolled in our
study. Dose of gonadotropin was decided based on the
patient’s age, body mass index (BMI), ovarian reserve, and
previous response. Ovarian stimulation was done with
recombinant follicle-stimulating hormone (follitropin-alfa
Gonal-f®, EMD Serono, Inc.,) for first 5 days
followed by Menopur (highly purified HMG-Ferring
Pharmaceutical Ltd.). GnRH antagonist (Cetrotide, Merck,
Serono) was started according to the flexible protocol.
Injection human chorionic gonadotropin (hCG) 10,000 IU
was given as trigger in all the patients [Figure 1]. OR was
done 36 h later under general anesthesia, using transvaginal
ultrasound guidance. Luteal support was started 1 day after
OR and urine pregnancy test and beta-hCG were measured
14 days after ET. A pregnancy test was considered positive
if the B-hCG levels exceeded 25 IU. Clinical pregnancy was
defined by the presence of a gestation sac with cardiac
activity. Biochemical pregnancy was defined by falling hCG
titers with nonvisualization of gestation sac on ultrasound.

Luteal support

In fresh ET cycles, luteal phase support included vaginal
micronized progesterone 400 mg twice a day and injectable
progesterone in oil 50 mg intramuscular twice a week. In
FET cycles, vaginal micronized progesterone 400 mg twice
a day and injectable progesterone 50 mg intramuscular
alternate day was administered for patients with BMI <35.
Injectable progesterone 50 mg intramuscular was given
daily in cases having BMI >35 |Figure 2].

Progesterone measurement
2cc of blood was collected in a plain vacutainer and
P level was analyzed in serum after centrifugation
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WOMEN RECRUITED FLEXIBLE ANTAGONIST
PROTOCOL
( hcg 10,000 given as trigger >

STANDARD LPS given in fresh and
frozen embryo transfer cycles

Serum progesterone done d3 post
blastocyst ransfer & d5 post d3
transter

Figure 1: Schematic representation of the methodology

using the automated chemiluminescence microparticle
immunoassay. Serum P level was measured on day 3
after a blastocyst transfer and day 5 after a cleavage
stage (day 3) transfer, corresponding to the mid-luteal
phase. Patients were divided into two groups based on
the type of ET performed: Group A — fresh ET and
Group B — FET. These groups were further subdivided
based on serum P levels: Group Al: P levels <15 ng/
mL and Group A2: P levels > 15 ng/ml and Group B1:
P levels <15 ng/mL and Group B2: P levels >15 ng/
mlL. P results were correlated with the clinical pregnancy
outcome [Figure 3].

Statistical analysis

Continuous variables are presented as mean T standard
deviation, and categorical variables are presented as
absolute numbers and percentage. For all statistical tests,
the Chi-square test was used for qualitative analysis and
student’s #test was used for comparison of means. All
data analyses were carried out by the SPSS program for
Windows version 21.0.A (SPSS Inc., Chicago, 1L, USA).
P < 0.05 was considered a significant difference.

RESULTS

In the fresh ET cycles (Group A), we observed that there
was no difference in the age, BMI, anti-Mullerian hormone,
starting dose, the total days of stimulation, estrogen
levels and P levels on the day of hCG trigger, number of
oocytes retrieved, and the number of embryos transferred
between the groups having progesterone levels <15 ng/mL
and >15 ng/mlL [Table 1].

In fresh ET cycles, of the 66 women recruited, 11 patients
had serum P < 15 ng/mL (Group Al). Of these, only
9.1% (1/11) became pregnant. Of the 55 patients in
Group A2 (P > 15 ng/mL), 40.0% (22/55) became
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Figure 2: Standard luteal phase support protocol followed

pregnant (P = 0.049) [Figure 4]. There were 13.6% (3/22)
biochemical pregnancies in Group A2 (P = 0.48).

In the FET cycles (Group B), we did not find any
difference in the age, BMI, and endometrial thickness
between the two groups, ie., Bl — P < 15 ng/mL and
B2 - P> 15 ng/mL [Table 2].

Of the 79 women recruited in Group B (FET cycles),
21 cases were in Group B1 (P < 15 ng/mL) and
47.6% (10/21) achieved pregnancy. Of the 58 patients
in Group B2 (P > 15 ng/mlL), 51.7% (30/58) cases
became pregnant. There was no significant difference
in the clinical pregnancy rate (CPR) among the
Groups B1 and B2 (P = 0.30) [Figure 5]. However, the
biochemical pregnancies were significantly higher in
Group B1 (P < 15 ng/mL). The overall biochemical
pregnancy rate (PR) was 10.0% (4/40), of which
75.0% (3/4) wete in Group B1 (P < 15 ng/mL) and only
one was in Group B2 (P> 15 ng/mL) (P = 0.024) [Figure 0]
which was statistically significant.

DISCUSSION

Adequate progesterone secretion in the luteal phase
of IVF-ET cycles is important to ensure implantation
and pregnancy sustenance."! Serum P assay has
been proposed as a surrogate marker of endometrial
competence and can help define a “fertile” luteal
phase.™! LPD has been identified in fresh IVF cycles,
and progesterone administration is mandatory to achieve
good PRs."! Insufficient progesterone supplementation
may be one of the reasons for low pregnancy rates
despite transfer of morphologically good embryos.
Unfortunately, there is a paucity of studies on the

The Onco Fertility Journal | Volume 1 | Issue 1 | January-June 2018
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Table 1: Clinical characteristics of patients who have undergone fresh embryo transfer

Variables Group A1 P<15 ng/mL (n=11) Group A2 P>15 ng/mL (n=55) P
Age (meanzSD) 32.0+3.30 33.29+3.0 0.20
BMI (mean+SD) 26.0+4.01 25.50+3.87 0.70
AMH p50 (p25 to p75), n (%) 2.05 (1.50-3.88) 2.3 (1.50-3.50) 0.80
Starting dose p50 (p25 to p75) 300 (225-375) 300 (300-375) 0.35
Total days of stimulation (mean+SD) 10.90+1.75 10.52+0.89 0.28
Estradiol on day of trigger p50 (p25 to p75) 1507 (1094-2180) 1681 (1100-2200) 0.85
Progesterone on day of trigger 0.56+0.30 0.70+0.52 0.38
Number of oocytes retrieved (mean+SD) 11.20+5.30 9.40+4.40 0.22
Number of embryos transferred (mean+SD) 2.0 1.8+0.43 0.17
SD: Standard deviation, BMI: Body mass index, AMH: Anti-Mullerian hormone
100 1 P=0.049* ® Pregnant
90 N
RESH CYCLES ROZEN CYCLE Non pregnant
n=66 n=79 . 8071
70 A
£ 601
F 501
GROUP A1 < 401
PROG<15ng/mi S
n=11 Z 30 1
20 1
10 1
o N
Group Al Group A2
ngg::xm p::&l;;;zm Figure 4: Pregnancy outcome in patients having P levels

n=55 n=58

Figure 3: Patient distribution in fresh and frozen embryo transfer cycles

100
90
80 A
70 A
60 1
50 A
40
30 1
20
10 1

0

H Pregnant

Non pregnant

P=0.30

No. of patients (%)

Group B1 Group B2

Figure 5: Pregnancy outcome in patients having P levels <15 ng/mL
(Group B1) and more than >15 ng/mL (Group B2) in frozen embryo
transfer cycles

correlation of serum P levels in the luteal phase and
pregnancy outcome. Some studies have suggested that
P levels below 15 ng/mL in serum are associated with a
decreased PR or increased EPL.I""

We analyzed the impact of mid-luteal serum P levels on
pregnancy outcome in fresh and FET cycles in women of
Indian ethnicity. A progesterone level of 15 ng/ ml. was

The Onco Fertility Journal | Volume 1 | Issue 1 | January-june 2018

<15 ng/mL (Group A1) and more than >15 ng/mL (Group A2) in fresh
embryo transfer cycles

P=0.024*

100 1
90 1
80 1
70 1
60 1
50 1
40 1
30 1

-

Group B1

¥ Biochemical Pregnancy
Clinical Pregnancy

No. of patients (%)

—
Group B2

Figure 6: Clinical and biochemical pregnancies in patients having
P levels <15 ng/mL (Group B1) and more than >15 ng/mL (Group B2)
in frozen embryo transfer cycle

taken as the cutoff, based on previous studies. In fresh IVF
cycles, patients in Group Al and A2 (P <15and >15ng/mlL,,
respectively) had similar demographics, ovatian reserve,
days of stimulation, OR, estradiol, and P levels on day of
trigger (P < 0.05). Patients with P level <15 ng/ mL in fresh
ET showed a statistically significant lower PR (P = 0.049),
implying a negative effect of low luteal P levels. Our study
corroborates the findings of Liu ¢f a/., who demonstrated
that patients with viable pregnancies had significantly
higher mean serum P concentrations during the early luteal
phase than nonpregnant patients or those who had an
early miscarriage.”! A similar association was reported by
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Table 2: Clinical characteristics of patients who have
undergone frozen embryo transfer

Group B1 P<15
ng/mL (n=21)

Variables Group B2 P>15 P

ng/mL (n=58)

Age (mean+SD) 33.60+3.45 33.50+4.49 0.90
BMI (mean+SD) 26.10+4.30 25.20£3.40 0.36
Endometrial thickness 8.20+0.80 8.80+0.50 0.60
(meanxSD)

SD: Standard deviation, BMI: Body mass index

Ellenbogen ef al., and Mitwally ez a/. using a cutoff level of
15 ng/mlL for PI'"* In contradiction to their own eatlier
study, a prospective randomized controlled trial (RCT)
done by Aslih ¢ al. reported that biochemical PR, clinical
pregnancy, and live birth rates were comparable between
groups regardless of Plevel on day 7 of luteal phase (P <15
or >15 ng/mL)." This result did not change even after
stepping up P dose in the low P group. It is possible
that increasing progesterone dose so late in the luteal
phase could not improve endometrial milieu adequately.
A biochemical pregnancy rate of 13% was observed in
our study in Group A2 (P > 15 ng/mL). This result could
reflect an embryonic factor.

In our FET cycles (Groups B1 and B2), age, BMI, and
endometrial thickness on the day of ET were compatable
between groups (P < 0.05). There was no difference in
the CPR in patients with P < 15 ng/mL or > 15 ng/mL
(47.6% and 51.7%, respectively). However, the percentage
of biochemical pregnancies was significantly higher in
Group B1 (P < 15 ng/mL). Overall, there were four
biochemical pregnancies (10%), of which three (75%) were
in Group B1. This suggests that low mid-luteal P levels may
be detrimental to pregnancy sustenance. Studies have shown
that EPL may result not only from chromosomally abnormal
embryos but also from malfunctions of the endometrium
ot both.” Humaidan ¢# a/. reported that biochemical
pregnancies were inversely correlated with the mid-luteal
serum P concentration.”!! A sharp decline in the EPL rate
from about 80% to 10% was seen as the mid-luteal-phase P
concentration increased from about 40 nmol/1(12.57 ng/mL)
to about 80—-100 nmol/l (25.15-31.44 ng/mL). Alsbjerg
et al. evaluated the reproductive outcome in patients
receiving frozen-thawed ET before and after doubling
vaginal progesterone gel supplementation from 90 mg to
180 mg.* They reported a significant decrease in the EPL
rate (67% vs. 44%, respectively, P = 0.014) and a significant
increase in the delivery rate (9% vs. 21%, respectively,
P =0.002) with increased P dosage.

Our study suggests a negative impact of low mid-luteal
serum progesterone levels in both fresh (low CPR) and
FET cycles (higher biochemical pregnancies). It is known
that the implanting embryo embarks on hCG production
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during the second half of the luteal phase, bringing about
a luteotropic effect. Stimulation of the corpus luteum leads
to sustained P secretion which is vital for implantation and
growth of a healthy pregnancy. It can be postulated that,
in fresh IVF cycles, inadequate signals from the implanting
blastocyst fail to bring about a suitable corpus luteum rescue,
leading to decreased progesterone secretion and failure
of implantation. Timely progesterone supplementation
might overcome this deficiency. In our study, mid-luteal
P levels did not affect PRs in FET cycles probably because
P supplied extraneously is sufficient to induce endometrial
receptivity. However, low P levels were unable to sustain the
pregnancy possibly because of inadequate immune and/or
vascular endometrial alterations. An embryonic factor can
be contributory though all patients included in our study
were below 40 years, and we can assume a similar aneuploidy
rate. A limitation of the study was the small patient number.
Larger RCTs are required to confirm these results.

CONCLUSIONS

Our study suggests that, in Indian women, mid-luteal
serum P levels <15 ng/mL have a negative impact on
pregnancy outcome in both fresh (<CPR) and FET
(>biochemical PR) cycles. Measuring serum progesterone
levels in the carly luteal phase may enhance pregnancy
outcome in ART cycles by providing an individualized
luteal phase support.
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