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STUDY QUESTION: Does supplementation with vaginal tablets of progesterone after frozen-thawed embryo transfer in natural cycles
improve the live birth rate?

SUMMARY ANSWER: Supplementation with vaginal tablets of progesterone after frozen-thawed embryo transfer in natural cycles
significantly improves the number of live births.

WHAT IS KNOWN ALREADY: Progesterone supplementation during luteal phase and early pregnancy may improve the number of
live births after frozen-thawed embryo transfer. However, due to the limited number of previous studies, being mainly retrospective,
evidence is still limited.

STUDY DESIGN, SIZE, DURATION: This is a prospective randomized controlled trial, performed at two university clinics. In total,
500 subjects were randomized with a 1:1 allocation into two groups, during the period February 2013 to March 2018. Randomization was
performed after a frozen embryo transfer in a natural cycle by use of opaque sealed envelopes. The primary outcome was live birth rate;
secondary outcomes were pregnancy, biochemical pregnancy, clinical pregnancy and miscarriage rate, and if there was a possible associa-
tion between the serum progesterone concentration on the day of embryo transfer and live birth rate.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Women, receiving embryo transfer in natural cycles participated in the study.
The embryos were frozen on Day 2, 3, 5 or 6. In total, 672 women having regular menstrual cycles were invited to participate in the
study; of those, 500 agreed to participate and 488 were finally included in the study. Half of the study subjects received progesterone
supplementation with progesterone vaginal tablets, 100 mg twice daily, starting from the day of embryo transfer. The other half of the
subjects were not given any treatment. Blood samples for serum progesterone measurements were collected from all subjects on the day
of embryo transfer.

MAIN RESULTS AND THE ROLE OF CHANCE: There were no differences in background characteristics between the study groups.
In the progesterone supplemented group, 83 of 243 patients (34.2%) had a live birth, compared to 59 of 245 patients (24.1%) in the con-
trol group (odds ratio 1.635, 95% CI 1.102–2.428, P¼ 0.017*). The number of pregnancies was 104 of 243 (42.8%) and 83 of 245
(33.9%), respectively (odds ratio 1.465, 95% CI 1.012–2.108, P¼ 0.049*) and the number of clinical pregnancies was 91 of 243 (37.4%)
and 70 of 245 (28.6%), respectively (odds ratio 1.497, 95% CI 1.024–2.188, P¼ 0.043*). There were no significant differences in biochemi-
cal pregnancy rate or miscarriage rate. There was no correlation between outcome and serum progesterone concentration.
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LIMITATIONS, REASONS FOR CAUTION: The study was not blinded because placebo tablets were not available. Supplementation
started on embryo transfer day, regardless of the age of the embryos, which resulted in a shorter supplementation time for Day 5/6
embryos compared to Day 2/3 embryos.

WIDER IMPLICATIONS OF THE FINDINGS: Supplementation with progesterone in natural cycles improved the number of live births
after frozen-thawed embryo transfer and should therefore be considered for introduction in clinical routine.

STUDY FUNDING/COMPETING INTEREST(S): The study was funded by Uppsala University, the Uppsala-Family Planning
Foundation, and Ferring Pharmaceuticals AB, Malmö, Sweden. The authors have no personal conflicting interests to declare.
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TRIAL REGISTRATION DATE: 5 December 2013.

DATE OF FIRST PATIENT’S ENROLMENT: 18 February 2013.

Key words: frozen embryo transfer / natural cycles / SET / progesterone / supplementation / RCT / live birth / clinical pregnancy /
miscarriage / blastocyst

Introduction
Progesterone production from the corpus luteum is crucial in natural
menstrual cycles for a number of reasons such as normal development
of the endometrium to a receptive phase, optimal embryo implanta-
tion and continuation of pregnancy (Csapo et al., 1972, 1973a,b;
Gellersen and Brosens, 2014). However, normal levels of serum pro-
gesterone levels vary considerably between women (Guerrero et al.,
1976), and may only to some extent predict live birth among infertile
women (Murto et al., 2013).

Despite regular menstrual cycles and normal serum progesterone
levels, some women undergoing fertility treatment might have insuffi-
cient progesterone production during their luteal phase (Gaggiotti-
Marre et al., 2020). In studies performed in artificial and natural cycles,
it has been noticed that low levels of serum progesterone on the day
before, on the day of frozen-thawed embryo transfer (FET) or on the
day of pregnancy test are associated with decreased number of preg-
nancies and reduced live birth rates (LBRs; Labarta et al., 2017;
Alsbjerg et al., 2018; Gaggiotti-Marre et al., 2019; Gaggiotti-Marre
et al., 2020). Consequently, supplementation with vaginal progesterone
during the luteal phase and early pregnancy could improve the out-
come after FET, which has been suggested by one earlier prospective
randomized controlled study (Bjuresten et al., 2011) and two retro-
spective studies (Veleva et al., 2013; Kim et al., 2014). However, con-
tradictory results have been reported, in one small randomized
controlled trial (RCT; Eftekhar et al., 2013) and one large retrospective
study (Montagut et al., 2016). In two recent meta-analyses, it was indi-
cated that LBR is improved by progesterone supplementation after
frozen embryo transfer in natural cycles (NC-FET), but then again, it
was stated that additional large RCTs are needed to confirm the
results (Seol et al., 2020; Mizrachi et al., 2021).

There is still no consensus on which regimen is most optimal for en-
dometrial preparation in FET cycles (van der Linden et al., 2015;
Ghobara et al., 2017; Groenewoud et al., 2017; Mackens et al., 2017).
Therefore, the main objective of this trial was to study if supplementa-
tion with vaginal progesterone improves the number of live births after
FET in natural cycles. Secondary endpoints were pregnancy rate, bio-
chemical pregnancy rate, clinical pregnancy rate (CPR), miscarriage
rate and serum progesterone levels during embryo transfer in relation
to live birth.

Materials and methods

Study material
In the present study, 672 infertile women were invited to participate
in this RCT. Of these, 500 study entries (74.2%) were included in
the study and after additional exclusions 488 women were finally in-
cluded, all staying in their assigned group throughout the study
(Fig. 1). The first 201 women were included at Uppsala University
Hospital between 18 February 2013 to 31 October 2014 and the
following 299 at Karolinska University Hospital between 17
September 2015 and 14 May 2018. All women were healthy, had
regular menstrual cycles and were scheduled for embryo transfer in
natural cycles.

Exclusion criteria were women who did not want to participate in
the study or those who had adverse effects from previous proges-
terone supplementation. Women undergoing donor egg cycles, pre-
implantation testing cycles or testicular sperm cycles were also
excluded from the study. Twelve subjects were excluded for the fol-
lowing reasons: Two women requested progesterone supplementa-
tion, despite being randomized to the control group. One patient
discontinued intervention because she experienced side effects (‘felt
ill’) from the progesterone treatment. One woman was included in
the study three times, which was corrected by only including her
first entry in the study sample and excluding the following two
entries. Five women were not eligible for inclusion for medical rea-
sons, four because of anovulation or too long menstrual cycles
(more than 35 days) and one due to recurrent pregnancy loss.
Furthermore, one woman with ovarian insufficiency after bilateral
operations of ovarian dermoid cysts and one woman with large
uterine fibroids were excluded from the study.

Progesterone supplementation
The included women were randomized into two groups, by use of
numbered opaque sealed envelopes stratified in blocks of 10. The allo-
cation sequence was generated by K.W. and the envelopes were dis-
tributed to the two study centres before the subjects were included in
the study. Opening of envelopes and assignment to study group was
performed by a doctor or midwife, after having completed the FET.
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..The women were only allowed to participate in the study once. Half
of the women were allocated to progesterone vaginal tablets
(LutinusVR , Ferring Pharmaceuticals, Malmö, Sweden), 100 mg twice
daily, which is the dose routinely used at the study centres. The other
half of the women had no treatment. No additional follicle stimulation
or ovulation induction medication was given to any of the patients.
Progesterone supplementation was initiated on the day of FET and
continued for six full weeks corresponding to 8 weeks of pregnancy. In
cases of negative pregnancy test, the treatment ended immediately. In
cases of positive pregnancy test, the pregnancies were followed up un-
til the end of pregnancy, regardless of pregnancy outcome. To obtain
pregnancy outcome, the patients were instructed to send a report to
the fertility clinic after the pregnancy had ended by regular mail, e-mail
or telephone. If no report was received, information about the

pregnancy outcome was obtained from the patient record at the deliv-
ery ward, or by contacting the patient by phone.

Definition of infertility diagnoses
Infertility diagnoses were endometriosis, male factor, tubal factor, unex-
plained infertility, social indication and other diagnoses. Endometriosis
was diagnosed by medical history and/or vaginal ultrasonography or
laparoscopy. Male factor infertility was defined as abnormal semen
analysis according to the WHO criteria (World Health Organization,
2010). Tubal factor was diagnosed by hystero-salpingo-sonography
when uni- or bilateral absence or partial filling of the fallopian tube with
contrast was observed. Patients with unexplained infertility had regular
menstruations, normal endometrial and ovarian development as

Assessed for eligibility (n=672) 

Excluded  (n=172) 
♦   Not meeting inclusion criteria (n=0) 
♦   Declined to participate (n=172) 
♦   Other reasons (n= 0) 

Analysed  (n=243) 
♦ Excluded from analysis (n=6) (+1 above*) 
Reasons: 1. Patient’s third entry in the 
study, 2. Large uterine fibroids, 3. Recurrent 
pregnancy loss, 4. Ovarian insuffiency after 
bilateral operation of dermoid cysts, 5 & 6 
Anovulation / too long menstrual cycle  

Lost to follow-up (n=0) 

Discontinued intervention (side effect from 
progesterone treatment) (n=1*) 

Allocated to progesterone (n=250) 
♦ Received allocated intervention (n=250) 
♦ Did not receive allocated intervention (n=0) 

Lost to follow-up (n=0) 

Discontinued intervention (n=0) 

Allocated to control arm (n=250) 
♦ Received allocated intervention (n=248) 
♦ Did not receive allocated intervention 
(requested progesterone treatment) (n=2**) 

Analysed  (n=245) 
♦ Excluded from analysis (n=3) (+2 above**)  

Reasons: 1. Patient’s  second entry in study,  

2 & 3 Anovulation / too long menstrual cycle 

Allocation 

Analysis 

Follow-Up 

Randomized (n=500) 

Enrollment 

Figure 1. CONSORT 2010 flow diagram.
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determined by use of vaginal ultrasonography, normal tubal patency
tested by hystero-salpingo-sonography and a partner with normal se-
men analysis. The social indication group consisted of healthy same-sex
female couples, or in one case a single woman, all with normal men-
strual cycles and no signs of gynaecological disorders.

Other diagnoses included 15 women who did not fit into any of the
previous diagnoses, i.e. other causes. In detail, four women had a his-
tory of fertility preservation prior to cancer treatment (one woman
with tongue cancer, one treated for arm osteosarcoma and two for
breast cancer), two women were treated because of infectious disease
in the male partner (one with Hepatitis B and one with HIV infection)
and five women were diagnosed with polycystic ovaries, but still with
regular ovulatory cycles. One patient had a double uterus, and one a
unicorn uterus. One patient was successfully operated for uterine sep-
tum and one had undergone kidney transplantation.

Embryo transfer
FET was performed after positive morning urinary LH test (Clearblue,
SPD, Swiss Precision Diagnostics, Geneva, Switzerland), depending on
the day the embryo was frozen. Embryos frozen on Day 2 were trans-
ferred 3 days after a positive LH test and Day 3 embryos were trans-
ferred 4 days after a positive LH test. Day 5 and 6 embryos were
transferred 6 days after a positive LH test. All embryo transfers were
ultrasonography-guided. At Uppsala University Hospital, all transfers
were performed by specialists in obstetrics and gynaecology with spe-
cial training in reproductive medicine, while at Karolinska University
Hospital, the transfers were either performed by one ESHRE certified
midwife trained in reproductive medicine or by a specialist in obstet-
rics and gynaecology with special training in reproductive medicine. A
great majority of the transfers, 476 (97.5%), were single embryo trans-
fers (SET) and only 12 (2.5%) were double embryo transfers (DET). In
the progesterone treatment group, 97.9% were SET compared to
97.1% in the control group (Table I).

Embryo scores
All cleavage stage embryos were slow frozen and all blastocysts were
vitrified. The embryo quality was assessed before embryo freezing and
after the thawing procedure pre-transfer. In cases of too low-quality
embryos after thawing, a new embryo was thawed to secure that the
embryo used was of good quality or top quality.

Day 2/3 embryo quality was assessed morphologically, by a trained
embryologist, based on the number of blastomeres, the fragmentation
rate and the multinucleation of blastomeres (Mohr et al., 1985; Ziebe
et al., 1997). Each cleavage stage embryo received a grade of 0 (top
quality), 1 (good quality), 2 (fair quality) and 3 (poor quality). Embryos
with a score of 0, top quality, and 1, good quality, were used in the
present study.

Blastocysts were scored according to Gardner et al. (2000), where
embryos graded as A were considered top quality, B as median quality
and C as low quality. Blastocysts with score A or B were used in the
present study.

Blood samples
To evaluate the potential association between serum progesterone
and pregnancy outcome, a blood sample was collected on the day of

embryo transfer. Progesterone analysis was performed at the labora-
tory of clinical chemistry and pharmacology at Uppsala University
Hospital, by use of competitive immunometrics and electro-chemical
luminescence detection (Roche Cobas e602). Detection limit of the
method was 0.636 nmol/l, the within assay coefficient was 2.4% and
the between assay coefficient was 3.2%. Normal level of progesterone
during the luteal phase is 5.8–76 nmol/l according to the clinical chem-
istry laboratories at the study centres. Serum progesterone level in fer-
tile women is considered to be at least 32 nmol/l on Day 21 in a
normal ovulatory cycle (Landgren et al., 1980). In the present study,
the limit was set to 29 nmol/l because the embryo transfer in several
cases was performed on cycle Day 18 (Gaggiotti-Marre et al., 2019)
and to 10 nmol/l for sub-analysis of extremely low serum progester-
one concentration.

Outcomes
The primary outcome was LBR. Secondary outcome measures were
pregnancy, biochemical pregnancy, clinical pregnancy and miscarriage
rate, and if there was a possible association between the serum pro-
gesterone concentration on day of embryo transfer and LBR.
Pregnancy was defined as a positive urinary pregnancy test (Unistep
hCG, Hangzhou AllTest Biotech Co., Ltd., Hangzhou, China) con-
ducted 18 days after the FET. Clinical pregnancy was defined as a visi-
ble gestational sac determined by use of vaginal ultrasonography
performed at 7–8 weeks of pregnancy. Biochemical pregnancy was de-
fined as a positive hCG urine measurement and absence of clinical
pregnancy. Miscarriage was defined as loss of pregnancy up to
21þ 6 weeks of pregnancy, following an initially positive pregnancy
test. Live birth was defined as delivery of a living offspring from
22þ 0 weeks of pregnancy.

......................................................................................................

Table I Characteristics of study subjects included in the
study (n¼488).

Descriptive data Treated
(n 5 243)

Controls
(n 5 245)

Age at embryo transfer (year) 34.1 (23–42) 34.1 (22–44)

Age at embryo freeze (year) 32.8 (21–39) 32.8 (21–42)

BMI (kg/m2) 23.9§ 3.8 23.5§ 4.1

Serum progesterone (nmol/l) 37.0§ 15.6 37.4§ 16.0

Cycle day of positive
urinary LH test

13.4§ 2.4 13.7§ 2.6

Parity 1.1§ 0.8 1.0§ 0.8

Embryo thaw number 1.9§ 1.2 2.0§ 1.5

Antral follicle count 17.0§ 7.1 16.7§ 7.3

Blastocyst transfer 154 of 236 (65.2%) 154 of 242 (63.6%)

ICSI 31 of 237 (13.1%) 31 of 242 (12.8%)

Vitrification 153 of 234 (65.4%) 163 of 242 (67.4%)

SET 229 of 234 (97.9%) 235 of 242 (97.1%)

Age was not normally distributed, median and range are shown. For normally distrib-
uted data, mean and standard deviation are shown. For number of blastocyst trans-
fers, number of ICSI, number of vitrified embryos and single embryo transfers (SET),
numbers and percentages are shown. There were no significant differences between
the groups.
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Statistics
Statistical analyses were performed using SPSS (Statistical Package for
the Social Sciences) software (SPSS 15.0 for Windows; SPSS Inc.
Chicago, IL, USA). Sample size calculation was conducted for LBR and
was based on the previous randomized controlled study (Bjuresten
et al., 2011), where 30% of the progesterone supplemented patients
and 20% of the untreated patients had an LBR after NC-FET. With an
alpha¼ 0.05 and power¼ 0.80, the recommended sample size was
588 study participants.

An interim analysis was performed in December 2014, after the re-
cruitment of 200 subjects. Ongoing pregnancy and LBRs were calcu-
lated and compared between the two study groups. The analysis
showed a non-significant rise in ongoing pregnancy rate/LBR among
progesterone supplemented compared to untreated women (30%
compared to 19%, respectively, P¼ 0.100). A second analysis after 500
individuals had been included revealed that significance was reached.
To account for multiple looks (n¼ 2), the corrected significance level
regarding the primary outcome (LBR) was set to P< 0.025. A power
calculation of 500 subjects showed a predicted power of 73.4%.

Differences in descriptive data between study groups were analysed
by use of Mann–Whitney Rank-Sum test or Student’s T-test.
Comparison of study outcomes between the two groups, in the total
population as well as after stratification for Day 2/3 and 5/6 embryos,
was performed by use of Fisher’s exact test. A P-value <0.05 was
considered as statistically significant.

Ethics
The study was approved by the Regional Ethics Review Board in
Stockholm (Dnr: 2012/1845-32). All participants received detailed in-
formation and gave written consent to participate specifically in this
study prior to enrolment. The trial registration number was NL4152.

Results

Study material
There were no differences in background characteristics between con-
trols and treated women (Table I). The distribution of study subjects
into different diagnoses is shown in Table II.

Pregnancy outcomes
LBR was significantly improved by progesterone supplementation. In
the progesterone supplemented group, 83 of 243 patients (34.2%)
and in the control group, 59 of 245 patients (24.1%) had a live birth
(odds ratio 1.635, 95% CI 1.102–2.428, P¼ 0.017; Table III). Four
patients in the progesterone treatment group and two patients in the
control group had twin births following three SET and one DET in the
treatment group and two SET in the control group. Both pregnancy
rate and CPR were higher in the treatment group compared to the
control group but there were no significant differences in biochemical
pregnancy rate or miscarriage rate (Table III).

In order to be certain that the excluded subjects did not influence
the primary outcome, we performed an intention-to-treat analysis.
Data including all 500 subjects showed that 84 of 250 (33.6%) had a
live birth in the treatment group compared to 59 of 250 (23.6%) in

the control group (P¼ 0.017). The numbers needed-to-treat was cal-
culated to 10.

There was no significant difference in the number of live births be-
tween the two centres, 48 of 193 (24.9%) at the Uppsala University
Hospital centre compared to 94 of 295 (31.9%) at the Karolinska
University Hospital centre (P¼ 0.104). However, the Uppsala
University Hospital centre had 16.1% blastocyst transfers while the
Karolinska University Hospital centre had 93% blastocyst transfers,
which did not influence the LBR after Day 2/3 transfer or blastocyst
transfer (Supplementary Table SI). There were no significant differen-
ces in the LBR after embryo transfer between physicians and the mid-
wife 58 of 241 (24.1%) versus 83 of 259 (32%), P¼ 0.059.

Embryo data
We did not find any significant differences in pregnancy, clinical preg-
nancy or LBRs between cleavage stage embryos and blastocysts
(Table IV), although there was a tendency towards better results in
the blastocyst transfer group (Table IV). However, after dividing the
embryos into groups for each single day, higher numbers of live births
were seen in the progesterone-supplemented groups for Day 3 and 5
embryos (Table IV). Other characteristics did not vary depending on
the age of the embryo (Supplementary Table SII).

Progesterone levels
There were no significant differences in the mean values of serum pro-
gesterone between controls without (36.2 nmol/l) and with a live birth
(40.5 nmol/l, P¼ 0.409) and progesterone supplemented women
without (36.7 nmol/l) and with a live birth (37.6 nmol/l, P¼ 0.218).

Women in the progesterone supplemented group without a live
birth receiving Day 2/3 embryos had a tendency of lower serum pro-
gesterone (17.7 nmol/l) compared to control group women without a
live birth (24.8 nmol/l; Table IV). As expected, women receiving Day
5/6 embryos had higher serum progesterone levels as the serum sam-
ples were taken later in the cycle.

There was no difference in LBR between women in the control
group with serum progesterone �29 nmol/l, 22 of 90 (24.4%) com-
pared to those who had serum progesterone >29 nmol/l, 36 of 149
(24.2%; P¼ 1). The same pattern was found in the progesterone sup-
plemented group, with 29 of 86 (33.7%) LBR if serum progesterone

......................................................................................................

Table II Diagnoses of the subjects included in the study
(n¼ 488).

Infertility diagnosis Treated
(n 5 243)

Controls
(n 5 245)

Endometriosis 12 (4.9%) 19 (7.8%)

Tubal factor 12 (4.9%) 17 (6.9%)

Unexplained infertility 105 (43.2%) 93 (38.0%)

Social indication 36 (14.8%) 29 (11.8%)

Male factor 69 (28.4%) 80 (32.7%)

Other diagnoses 9 (3.7%) 7 (2.9%)

Total numbers and percentages are shown. There were no significant differences be-
tween the groups.
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..was �29 nmol/l compared to 52 of 149 (34.9%) when serum proges-
terone was >29 nmol/l (P¼ 0.888).

There was no statistical difference in LBR between controls who
had a serum progesterone �10 nmol/l, two of 18 (11.1%) compared
to controls with a serum progesterone >10 nmol/l, 56 of 221 (25.3%,
P¼ 0.255). Progesterone supplemented women with a serum proges-
terone �10 nmol/l and a live birth were 5 of 12 (41.7%) compared to
those with serum progesterone >10 nmol/l, 76 of 223 (34.1%,
P¼ 0.756).

Discussion
The main finding of the present study is the beneficial role of proges-
terone supplementation after NC-FET, resulting in a significant, 10%

increase in live births. These data confirm the results from the previ-
ous study published by Bjuresten et al. (2011) and strengthens the evi-
dence for luteal phase supplementation with vaginal progesterone in
NC-FET shown in two recent meta-analyses (Seol et al., 2020;
Mizrachi et al., 2021). Nevertheless, one large retrospective study by
Montagut et al. (2016; n¼ 2353) reported contradictory results for
CPR when NC-FET was compared to modified NC-FET with luteal
phase support (LPS). However, when CPR after NC-FET was com-
pared to CPR after NC-FET and LPS, no significant difference could be
shown. One reason for the contradictory results could be the early ini-
tiation of LPS already on the day after LH rise which may have caused
early closure of the implantation window (Montagut et al., 2016). A
second reason might be that clinical pregnancy does not correspond
to the live birth, the latter being the purpose of fertility treatment. In
an RCT including 102 subjects, there was no significant improvement

............................................................................................................................................................................................................................

Table III Pregnancy outcomes in treated and control groups (n¼488).

Outcome Treated Controls P-value OR 95 % CI

Pregnancy rate 104 of 243 (42.8%) 83 of 245 (33.9%) 0.049* 1.465 1.012–2.108

Biochemical pregnancy rate 13 of 104 (12.5 %) 13 of 83 (15.7%) 0.671 0.769 0.336–1.763

Clinical pregnancy rate 91 of 243 (37.4%) 70 of 245 (28.6%) 0.043* 1.497 1.024–2.188

Miscarriage rate 8 of 91 (8.8%) 11 of 70 (15.7%) 0.22 0.517 0.196–1.364

Live birth rate 83 of 243 (34.2%) 59 of 245 (24.1%) 0.017* 1.635 1.102–2.428

Numbers and percentages are shown. Fisher’s exact test, odds ratio (OR) and 95% CI were calculated. P-value <0.05 was considered as statistically significant (*); regarding the pri-
mary outcome (LBR), results were significant even after correction for multiple looks.
LBR, live birth rate.

............................................................................................................................................................................................................................

Table IV Pregnancy outcomes across embryos among controls and treated study subjects.

Day 2/3 embryos Treated Controls P-value OR 95% CI

Top-quality embryos 54 of 82 (66%) 63 of 88 (72%) 0.508 0.765 0.399–1.467

Pregnancy 29 of 82 (35%) 23 of 88 (26%) 0.244 1.546 0.802–2.982

Clinical pregnancy 28 of 82 (34%) 20 of 88 (23%) 0.125 1.763 0.897–3.466

Live birth 26 of 82 (32%) 18 of 88 (21%) 0.115 1.806 0.900–3.622

Serum progesterone, no live birth 17.7§ 11.5, n¼ 51 24.8§ 9.5, n¼ 67

Serum progesterone, live birth 13.0§ 3.6, n¼ 26 17.3§ 11.5, n¼ 19

Day 5/6 embryos

Top-quality embryos 33 of 153 (22%) 33 of 154 (21%) 1.000 1.008 0.585–1.738

Pregnancy 72 of 153 (47%) 60 of 154 (39%) 0.167 1.393 0.885–2.192

Clinical pregnancy 60 of 153 (39%) 50 of 154 (32%) 0.235 1.342 0.840–2.143

Live birth 54 of 153 (35%) 41 of 154 (27%) 0.110 1.503 0.923–2.448

Serum progesterone, no live birth 38.7§ 12.9, n¼ 101 37.0§ 15.7, n¼ 113 –

Serum progesterone, live birth 39.11§ 17.6, n¼ 54 42.2§ 15.6, n¼ 41 –

Day 2 embryos, Live birth 11 of 46 (24%) 12 of 51 (24%) 1.000 1.021 0.400–2.606

Day 3 embryos Live birth 15 of 38 (40%) 6 of 37 (16%) 0.039* 3.37 1.133–10.018

Day 5 embryos Live birth 43 of 105 (41%) 27 of 115 (24%) 0.006* 2.26 1.265–4.040

Day 6 embryos Live birth 11 of 49 (22%) 14 of 39 (36%) 0.234 0.517 0.202–1.320

The embryos used in this study were either good- or top-quality embryos. The number of top-quality embryos as percentage of the total number of embryos is shown. Pregnancy out-
comes are presented as numbers and percentages while serum progesterone values are presented as mean values (nmol/l), standard deviation and number of subjects. Fisher’s exact
test, odds ratio (OR) and 95% CI were calculated. P-value <0.05 was considered as statistically significant (*).
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in CPR after LPS, probably due to the small sample size (Eftekhar
et al., 2013). However, there was a trend for higher CPR in the pro-
gesterone supplemented group compared to the control group, which
is in line with the results of the present study and also the previous
RCT by Bjuresten et al. (2011). This is also in agreement with data re-
garding embryo transfer in artificial cycles, where high doses of proges-
terone administration after embryo transfer have been shown to
improve LBRs (Alsbjerg et al., 2013).

The start of LPS is likely to be of importance. In this study, LPS
started 3–6 days after a positive LH test, at the time of embryo trans-
fer, which is at a similar time point as the rise of serum progesterone
in a normal menstrual cycle. One previous study reported lower CPRs
in fresh IVF cycles, when progesterone supplementation started before
ovum pick up than after ovum pick up (Sohn et al., 1999). The CPR
was lower in cases when LPS started 6 days after ovum pick up com-
pared to 3 days after ovum pick up (Williams et al., 2001). Therefore,
as the time for initiation of LPS affects outcomes, it cannot be ruled
out that start of progesterone supplementation 3 days after a positive
LH test also for the blastocyst transfer could have resulted in even
better LBRs, which calls for further studies.

The LPS continued over the first 8 weeks of pregnancy, in cases
where the pregnancy test was positive. Previous studies in fresh em-
bryo transfer cycles found that LBR was similar when LPS was termi-
nated at pregnancy test or at pregnancy Week 6–7 (Liu et al., 2012).
However, the optimal length of LPS has not been thoroughly studied
for embryo transfer in natural cycles and further studies are needed to
determine this aspect.

The embryos used for transfer in the present study were either
cleavage stage embryos ranked as of good or top quality or blastocysts
scored to be of median or top quality. There was no difference in the
proportion of transferred blastocysts compared to cleavage stage em-
bryos between the treatment and control groups. LBR was higher in
the treatment group regardless of the stage of the embryo. When di-
viding the embryos further, significantly higher LBR was seen on Day 3
and 5 embryos, but the same tendency was present also on Day 2
and 6 embryos. However, the number of embryos in these groups
was small which makes it difficult to draw any conclusions regarding
the age of the embryo.

LBR after FET has improved over the years, probably due to initia-
tion of vitrification rather than slow freezing and a higher number of
good-quality blastocysts available for transfer (Rienzi et al., 2017; Saket
et al., 2021). This was also the case in the present study where there
was a shift towards the transfer of vitrified blastocysts during the study
resulting in a tendency towards higher LBR during the second part of
the study performed at Karolinska University Hospital, compared to
the first part of the study undertaken at Uppsala University Hospital.
This can also explain the tendency towards higher LBR after transfers
performed by the specially trained fertility midwife who performed a
majority of transfers at Karolinska University Hospital, compared to
the transfers made by fertility doctors at both centres. It has previously
been shown that the basic university education to medical doctor or
midwife does not determine the success rate of embryo transfer per-
formed by trained personnel (Bjuresten et al., 2003).

There was no difference in the initial serum progesterone levels be-
tween the groups regarding study outcomes. A single progesterone
measurement may not be the perfect predictive marker for successful
implantation in natural cycles, due to substantial variation in serum

progesterone concentration between women (Murto et al., 2013).
However, low levels of serum progesterone in artificial and natural
cycles have previously been shown to correlate with lower ongoing
pregnancy and LBRs and higher miscarriage rates (Labarta et al., 2017;
Alsbjerg et al., 2018; Ku et al., 2018; Gaggiotti-Marre et al., 2019;
Gaggiotti-Marre et al., 2020). In the present study, these findings could
not be reproduced for the 29 nmol/l threshold. There was a lower
percentage of live births in the few controls who had a serum proges-
terone �10 nmol/l compared to those with a serum progesterone
>10 nmol/l on the day of embryo transfer, but this was not a statisti-
cal difference, and the present study was not designed to evaluate this
issue.

Sponsorship by the pharmaceutical company manufacturing the pro-
gesterone tablets can be considered as a possible bias. However, the
company did not have any influence on the study whatsoever, and
was not involved in the study design, data analysis or interpretation of
study results.

The two-centre setting could be considered as a study strength,
providing a large sample size with enough statistical power to detect
differences between groups. Although there was a significant difference
in the proportion of blastocysts transferred there was no statistically
significant difference in LBR between the two centres and the clinical
quality can be considered comparable. Therefore, data from the two
centres can be analysed together. The time difference between inclu-
sion in the two centres could be a disadvantage as the time gap to
continue the study with new personnel was the reason for the delay.
However, besides the higher proportion of blastocysts, the clinical pro-
cedures were the same at the two centres.

The vast majority of SET can also be considered as a strength of the
study. The groups of control and treated women were balanced as
we included a variety of diagnosis. Furthermore, transfer of embryos
frozen on either Day 2–3 and 5–6 were included, and we can there-
fore assume that the result is valid for most patients with infertility di-
agnoses included in the present study, undergoing NC-FER.

In our study, 500 out of 672 invited women (74.4%) initially agreed
to participate in the study. One limitation due to ethical reasons is
that the causes for opting out from the study were not registered.
The per-protocol analysis in the primary analysis of the results can also
be considered as a limitation, since the intention-to-treat analysis is
usually recommended for an RCT. However, our intention-to-treat
analysis did not substantially alter the main outcome. A power calcula-
tion showed that a total of 588 women should have been included in
the study. However, as the primary aim to determine LBR was signifi-
cant after 500 subjects, it was decided not to include additional
women. Yet another limitation is that because of the study protocol
the start of progesterone treatment differed depending on the stage of
the embryo, which theoretically could affect the results negatively for
the patients having blastocysts transferred.

Moreover, the study was not double-blinded since it was not possi-
ble to manufacture a placebo tablet. The placebo effect is well known
in all types of medical treatments and is likely to affect the result and
interpretation of the study in favour of progesterone supplementation.
However, the performance of embryo transfer should be unaffected
since randomization was performed after the transfer. The lack of psy-
chosomatic effect from the missing placebo may have negatively af-
fected the outcome in the untreated group. However, it is well known
that progesterone is the most important hormone for successful

2372 Wånggren et al.



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..
implantation and pregnancy outcome. Therefore, women not given
progesterone supplementation will not get the positive medical ef-
fect of the progesterone administration. Although a double-blinded
study is preferred, we still believe that progesterone supplementa-
tion favours the number of live birth outcomes after FET in natural
cycles.

In conclusion, the present study shows that progesterone supple-
mentation during the luteal phase improves LBR after FET in natural
cycle, which also confirms previous data. Therefore, we suggest that
patients undergoing FET in natural cycles should be offered LPS with
progesterone.

Supplementary data
Supplementary data are available at Human Reproduction online.

Data availability
The data underlying this article will be shared on reasonable request
to the corresponding author.

Acknowledgements
We would like to sincerely thank all the women who participated in
the study, and the staff at the two reproductive medicine centres. We
also thank Dr Lena Wånggren, Department of English Literature,
University of Edinburgh, for linguistic revision of the manuscript.

Authors’ roles
K.W. and A.S.-E. designed the study. K.W., M.D.G. and J.G. executed
the study. S.I. has contributed to data retrieval and management. All
authors have been involved in data analysis, manuscript drafting and
critical discussion. All authors have approved the final version of the
manuscript submitted for publication.

Funding
The study was funded by grants from Uppsala University, Uppsala
Family Planning fund and Ferring pharmaceuticals AB, Malmö, Sweden.
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