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Objective: The purpose of this study was to determine the effect of vaginal progesterone for luteal phase support (LPS) on the clinical preg-
nancy rate (CPR) in natural frozen embryo transfer (FET) cycles via a meta-analysis.
Methods: We performed a meta-analysis of randomized controlled trials (RCTs) and retrospective studies that met our selection criteria. Four 
online databases (PubMed, Embase, Medline, and the Cochrane Library) were searched between January 2017 and May 2017. Studies were se-
lected according to predefined inclusion criteria and meta-analyzed using R software version 2.14.2. The main outcome measure was CPR.
Results: A total of 18 studies were reviewed and assessed for eligibility. One RCT (n = 435) and three retrospective studies (n = 3,033) met the 
selection criteria. In a meta-analysis of the selected studies, we found no significant difference in the CPR (odds ratio [OR], 0.96; 95% confidence 
interval [CI], 0.60–1.55) between the vaginal progesterone and control groups. An analysis of the two retrospective cohort studies that reported 
the live birth rate (LBR) following FET showed a significantly higher LBR in the vaginal progesterone group (OR, 1.72; 95% CI, 1.21–2.46). A sub-
group meta-analysis of FET conducted 5 days after injection of human chorionic gonadotropin showed no significant differences between the 
two groups with regard to the CPR (OR, 1.18; 95% CI, 0.90–1.55) or miscarriage rate (OR, 0.73; 95% CI, 0.36–1.47).
Conclusion: The results of this meta-analysis of the currently available literature suggest that LPS with vaginal progesterone in natural FET cy-
cles does not improve the CPR. 
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Introduction

Progesterone is an essential hormone for embryonic implantation 
and the maintenance of pregnancy [1]. Progesterone generated by 
the corpus luteum prepares the endometrium for the implantation 

of the embryo. Additionally, progesterone protects the embryo by 
regulating the immune system to facilitate the production of nonin-
flammatory Th2 cytokines [2]. During early pregnancy, inadequate 
production of progesterone can result in a decreased probability of 
clinical pregnancy, an increased probability of miscarriage, and a de-
creased likelihood of live birth [3].

Several routes of administration exist for progesterone, including 
oral, intramuscular, and vaginal progesterone. Oral progesterone is 
rapidly metabolized. The vaginal and intramuscular routes of admin-
istration of micronized progesterone have higher bioavailability than 
oral administration [4]. Vaginal administration was shown to induce 
sufficient endometrial development; as such, it is preferable to other 
routes of administration because the vaginal route is less painful and 
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easier to apply than intramuscular injections [5,6]. 
Various protocols for frozen embryo transfer (FET) exist depending 

on the method of endometrial preparation. Natural-cycle FET is a 
method that does not involve hormone exposure for endometrial 
preparation, while artificial-cycle FET involves priming the endome-
trium with a combination of exogenous estrogen and progesterone. 
These two methods have commonly been used in women with reg-
ular ovulatory menstrual cycles. Few studies have been conducted 
on the effect of luteal-phase progesterone supplementation as part 
of the natural FET cycle on the pregnancy rate. The first study that 
used vaginal progesterone as luteal phase support (LPS) in natural-
cycle FET was published in 2010 [7], and other studies have subse-
quently been conducted [8-10]. However, the results have been in-
consistent and controversial. In light of the above considerations, we 
performed a meta-analysis to compare the pregnancy outcomes in 
women treated with vaginal progesterone with those of women ad-
ministered a placebo at the time of embryo transfer (ET).

Methods 

We searched four online databases (PubMed, Embase, Medline, 
and the Cochrane Library) for all relevant randomized controlled tri-
als (RCTs) and retrospective studies under the following Medical Sub-

ject Heading terms to generate subsets of studies: (1) “frozen embryo 
transfer” or “FET” or “cryopreservation” or “frozen-thawed embryo”, 
(2) “progesterone” or “luteal phase support”, and (3) “pregnancy” or 
“pregnancy rate” or “live birth” or “implantation” or “embryo trans-
fer” (with a subset of 1 and either 2 or 3) with “AND” to identify cita-
tions appropriate for evaluating the effect of vaginal progesterone for 
LPS on the clinical pregnancy rate (CPR). The databases were searched 
between January 2017 and May 2017 without restriction by country, 
sample size, or blinding. The searches were independently conducted 
by two reviewers (AS and SWK).

The target population was infertile women with normal ovulatory 
menstrual cycles who were undergoing FET. Patients in the experi-
mental group were supplemented with vaginal progesterone for 
LPS, whereas no luteal support was used in the control group. The 
primary outcome was the CPR. All manuscripts were independently 
reviewed in full for the selection and exclusion of publications ac-
cording to predefined inclusion criteria. The extraction of data from 
each study (e.g., information such as the study design, sample size, 
and outcomes) was also independently conducted by the authors of 
the present study using predetermined tables and forms. Disagree-
ments regarding article selection or data extraction were resolved via 
consensus or arbitration by a third reviewer. The risk of bias was illus-
trated as a risk-of-bias graph. The evidence was summarized using a 

Figure 1. Flow diagram of the selected studies.
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tool provided by the Cochrane Collaboration. 
We used R software ver. 2.14.2 (R Foundation, Vienna, Austria) for 

meta-analysis. Odds ratios (ORs) with 95% confidence intervals (CIs) 
were calculated using the Mantel-Haenszel method for binary vari-
ables. The heterogeneity of treatment effects was graphically as-
sessed using forest plots and evaluated using the I2 statistic, and het-
erogeneity was considered absent if I2 < 50%. The meta-analysis, in-
cluding the results of the subgroup analysis, was displayed in the 
form of forest plots and an adjusted funnel plot.

Results 

The database search yielded 96 publications, 70 of which were re-
viewed after the exclusion of duplicates. After the initial selection 
process, 18 full-text articles were assessed for eligibility. One RCT 
(n = 435) [9] and three retrospective studies (n = 3,033) [7,8,10] met 

the inclusion criteria. The Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses flowchart explaining the study selection 
process for this meta-analysis is shown in Figure 1.

The RCT evaluated in this meta-analysis randomly allocated subjects 
to the experimental group (n = 219) or the control group (n = 216) to 
analyze the effect of progesterone support. Subjects in the experi-
mental group were administered 400 mg of vaginal progesterone 
twice a day. In total, the three retrospective cohort studies assessed 
3,033 women, of whom 2,240 women were allocated to the experi-
mental group of their respective study, while 793 women were allo-
cated to the control group. The characteristics of the selected studies 
are shown in Table 1. In two of the four studies, 200 mg of micronized 
vaginal progesterone (Utrogestan) was administered three times 
daily. In the remaining two studies, the study group was adminis-
tered 90 mg of vaginal gel (Crinone gel, 8%) daily. In three of the four 
studies, ET was performed 5 days after human chorionic gonadotro-

Table 1. Characteristics of the included studies       

Study No. of 
subjects Design Inclusion criteria Intervention group Control group Timing of ET Outcome

Bjuresten et al. 
 (2011) [9]

435 Prospective 
RCT

Women with unexplained 
 infertility, tubal factor 
 infertility, or male factor 
 infertility 

Vaginal micronized 
 progesterone, 
 400 mg twice 
 daily 

No 
progesterone

3 Days after the LH 
 surge (5 days after 
 hCG injection)

Pregnancy test results, early 
 miscarriage rate, clinical 
 pregnancy rate, spontaneous 
 abortion, and live birth rate

Kim et al. 
 (2014) [8]

228 Retrospective Maternal age between 20 
 and 41 years, natural 
 ovulatory cycles of 24 to 
 35 days in length, and 
 body mass index 
 between 18 and 25 kg/m2

Vaginal 
 progesterone gel, 
 90 mg once daily 

No 
progesterone

5 Days after hCG 
 injection

Clinical pregnancy rate, 
 miscarriage rate, embryo 
 implantation rate, and 
 live birth rate

Montagut et al. 
 (2016) [10]

2,353 Retrospective Maternal age between 18 
 and 39 years old at the 
 time of oocyte retrieval

Vaginal micronized
  progesterone, 
 200 mg three times 
 daily 

No 
progesterone

3-Day ET or 
 5-day ET

Clinical pregnancy rate 

Kyrou et al. 
 (2010) [7]

452 Retrospective Maternal age ≤ 37 years 
 and regular menstrual 
 cycle

Vaginal micronized 
 progesterone, 
 200 mg three times 
 daily

No 
progesterone

5 Days after hCG 
 injection

Miscarriage rate, implantation 
 rate, and ongoing pregnancy 
 rate

ET, embryo transfer; RCT, randomized controlled trial; LH, luteinizing hormone; hCG, human chorionic gonadotropin.  

Figure 2. Meta-analysis of the clinical pregnancy rate. OR, odd ratio; CI, confidence interval.
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pin (hCG) injection. In the remaining study, 3-day ET was performed 
5 days after hCG injection or 4 days after the luteinizing hormone 
surge, and 4-day ET was applied 6 days after hCG injection or 5 days 
after the luteinizing hormone surge.

In a meta-analysis using a random effects model for the selected 
studies, no significant differences were observed in the CPR (OR, 0.96; 
95% CI, 0.60–1.55) (Figure 2). A subgroup meta-analysis regarding ET 
performed 5 days after hCG injection also showed no significant dif-
ference in the CPR (OR, 1.18; 95% CI, 0.90–1.55) (Figure 3). An analysis 
of two retrospective cohort studies that reported the live birth rate 
(LBR) following FET showed a significantly higher LBR in the vaginal 
progesterone group (OR, 1.72; 95% Cl, 1.21–2.46) (Figure 4). The mis-
carriage rate (MR) was not significantly different between the experi-

mental group and the control group in this subgroup analysis (OR, 
0.73; 95% CI, 0.36–1.47) (Figure 5). 

Discussion 

Our meta-analysis examined the effect of vaginal administration of 
progesterone on pregnancy outcomes of FET in normal ovulatory 
women. Three of four studies demonstrated that vaginal progester-
one had no beneficial effect on pregnancy outcomes [7-9], while one 
study showed a negative effect on the CPR [10]. The results of the 
meta-analysis of these four studies suggest that LPS with vaginal 
progesterone does not improve the CPR in natural FET cycles.

It is important to keep in mind that the subjects of this study were 

Figure 3. Subgroup analysis of the clinical pregnancy rate (5 days after human chorionic gonadotropin injection). OR, odds ratio; CI, confidence 
interval.

Figure 4. Meta-analysis of the live birth rate. OR, odds ratio; CI, confidence interval.

Figure 5. Meta-analysis of the miscarriage rate. OR, odds ratio; CI, confidence interval.
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normal ovulatory women. There is abundant evidence that insuffi-
cient progesterone secretion at the time of implantation or during 
early pregnancy is a cause of recurrent implantation failure, sporadic 
and recurrent miscarriage, and bleeding in early pregnancy. The ef-
fects of vaginal progesterone supplementation on the CPR in the 
subgroups of patients with a history of repeated miscarriage, recur-
rent implantation failure, or a bleeding event during early pregnancy 
require additional studies for validation due to the contradictory re-
sults of previous studies. Clearly, however, clinicians should pay spe-
cial attention to LPS for these subgroups of infertile patients. 

Our subgroup meta-analysis included three studies in which FET in all 
subjects was performed 5 days after the hCG injection. Bjuresten et al. 
[9] showed that progesterone supplementation after ET had no posi-
tive effect on the CPR, but improved the LBR (LBR in the progesterone 
group vs. the control group, 30% vs. 20%, respectively; p = 0.027). In 
that study, no significant difference was found in the MR between the 
two groups. Kim et al. [8] noted that luteal-phase progesterone admin-
istration decreased the MR (MR in the progesterone group vs. the con-
trol group, 8.5% vs. 24.1%, respectively; p = 0.044), but no significant 
difference in the CPR was observed. Meta-analysis of the three groups 
in which FET was performed 5 days after the hCG injection also dem-
onstrated no statistically significant difference in the CPR.

Our meta-analysis of two retrospective studies (Bjuresten et al. [9] 
and Kim et al. [8]) yielded a significantly higher LBR in the vaginal pro-
gesterone group. However, no significant difference was observed re-
garding the CPR. While no significant difference was seen with re-
spect to the MR, the patients administered vaginal progesterone dis-
played a lower MR than the control patients. These results suggest 
that an increase in the LBR would be observed due to the decrease in 
the MR, even if no difference in the CPR was present. This result of our 
study suggests an interesting hypothesis regarding the capacity of 
vaginal progesterone administration to increase the LBR by diminish-
ing the MR. However, due to the lack of statistical significance regard-
ing the decreased MR in the progesterone group, more studies are re-
quired to clarify the effects of vaginal progesterone on LBR, CPR, and 
MR. Moreover, further large-scale studies on obstetric outcomes in-
cluding MR and preterm birth are needed to elucidate the explana-
tion for the higher LBR despite the lack of significant difference in the 
CPR associated with vaginal administration of progesterone.

The methods of the selected studies varied, especially with respect 
to the dose of vaginal progesterone. Bjuresten et al. [9] used 400 mg 
of vaginal micronized progesterone administered twice per day, 
while Kim et al. [8] applied 90 mg of vaginal progesterone gel once 
daily. Montagut et al. [10] administered 200 mg of vaginal micron-
ized progesterone three times per day. These differences in proges-
terone dose may have resulted in different outcomes with respect to 
the CPR. 

The major limitation of our study is that it included only one RCT. 
Due to the paucity of existing data, this inclusion of only one RCT was 
inevitable. Since the purpose of our study was to investigate the ef-
fect of LPS in the form of vaginal progesterone on the CPR in FET cy-
cles via a meta-analysis, we included relevant studies irrespective of 
the study design. In conclusion, this meta-analysis demonstrated 
that vaginal progesterone supplementation does not affect the CPR 
in FET in infertile women with normal ovulatory cycles. Future large-
scale, prospective, randomized studies are necessary to confirm 
these findings. 
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