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ABSTRACT
Background and Purpose: Among different routes of estrogen formulations, the transdermal route has obtained popularity in recent
years for endometrial preparation in hormone replacement (HRT) frozen embryo transfer (FET) cycles. However, no clear evidence
is available regarding clinical outcome of the transdermal route. This meta-analysis investigated the clinical outcomes of oral versus
transdermal estrogen for endometrial preparation for FET in HRT-FET cycles.

Methods: A comprehensive literature search was performed for all published randomized controlled trials (RCTs) before May 30,
2022, in electronic databases, including PubMed, Cochrane Library, Embase, CINAHL, Trip Database, Worldwide Science, and
Google Scholar. Outcomes, including endometrial thickness, implantation rate (IR), miscarriage rate (MR), clinical pregnancy rate
(CPR), and live birth rate (LBR), were measured using pooled odds ratio (OR) or standardized mean difference (SMD) with 95%
confidence intervals (CIs).

Results: Seven studies involving a total of 898 IVF patients were included in the meta-analysis. In a pooled analysis, endometrial
thickness (ET) was more in the transdermal group as compared to the oral estrogen group (SMD = 0.16; 95% CI = 0.02-0.31).
However, no significant association for IR (OR = 0.76; 95% CI = 0.42-1.38), CPR (OR = 0.98; 95% CI = 0.74-1.31), MR (OR = 1.28;
95% CI = 0.79-2.06), and LBR (OR = 0.73; 95% CI = 0.43-1.23) was found between oral versus transdermal estrogen groups.

Conclusions: In HRT-FET cycles using oral or transdermal estrogen, no significant difference was seen in clinical outcomes of IR,

CPR, and LBR rates; however, a trend for a higher endometrial thickness was noted in the transdermal group.

Keywords: Estrogen Oral; Transdermal Estrogen Gel; Embryo Transfer, Priming of the Endometrium; Frozen Embryo Transfer;
Estradiol; Pregnancy Rate; Live Birth Rate.
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INTRODUCTION

Infertility affects a significant number of couples worldwide, with
a prevalence of up to 15% among reproductive-aged individuals.
Assisted reproductive technology (ART) has become a popular
treatment option for infertility, and frozen-thawed embryo transfer
(FET) is a widely used technique. Hormone replacement therapy
(HRT) is used to prepare the endometrium for FET cycles, and
estrogen supplementation is a crucial component of HRT. Oral and
transdermal routes of estrogen administration have been utilized for
endometrial preparation in FET cycles, but it is unclear which route
of administration is more effective (Glujovsky et al., 2020).

There are differences between the oral and transdermal routes
that may have implications for FET cycle outcomes. Oral estrogen
is typically administered as an estradiol pill or tablet. After oral
ingestion, the estrogen is absorbed in the gastrointestinal tract
and undergoes extensive first-pass metabolism in the liver. The
liver breaks down the estrogen into several metabolites, including
estrone, which can stimulate the proliferation of endometrial
cells. However, the liver also metabolizes estrogen into inactive
metabolites, which can reduce the efficacy of the treatment.
Additionally, oral estrogen can cause fluctuations in estrogen
levels due to its rapid absorption and clearance from the body
(Parish and Gillespie, 2017).

Transdermal estrogen, on the other hand, is typically
administered as a patch or gel that is applied to the skin. The
estrogen is absorbed through the skin and bypasses the first-pass
metabolism in the liver, leading to more stable levels of estrogen
in the body. Additionally, transdermal estrogen has been shown
to have a lower risk of thromboembolic events compared to oral
estrogen, which is an important consideration for patients with a
history of thrombosis or other cardiovascular conditions (Mehta
etal., 2021).

With the advancements in ART and vitrification technologies,
FET has become increasingly popular (Roque et al., 2019; Shapiro
etal, 2014). FET offers several advantages, including a reduced risk
of ovarian hyperstimulation syndrome and ectopic pregnancy, the
preservation of supernumerary embryos, and increased cumulative
live birth rates (LBR) (Glujovsky et al., 2020; Rienzi et al., 2017).
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Studies have shown that FET can result in clinical pregnancy rates
(CPR) comparable to or even higher than fresh embryo transfer.
Endometrial preparation for FET can be achieved through natural,
semi-natural, or HRT cycles (Banker et al., 2021; Mumusoglu et al.,
2021).

Various endometrial preparation techniques have been proposed
for FET in HRT cycles, with exogenous estrogen being supplied
to promote endometrial development and prevent spontaneous
ovulation (Abu-Musa et al., 1998; Devroey and Pados, 1998; Paulson,
2011; Ziegler and Russell, 1995). Estrogen can be administered
through various routes, including oral tablets, transdermal patches
or gel, or vaginal tablets (Krasnow et al,, 1996; Li et al., 1992). A
survey of 161 fertility doctors from 35 countries conducted in 2014
found that 86% of participants preferred the oral route, followed by
the transdermal (8%), vaginal (3%), intramuscular (2%), and other
routes (1%) (Weissman et al., 2014).

Synchronization of endometrial preparation with embryonic
developmental stages is a crucial element to maximize endometrial
receptivity and secure embryo implantation. HRT cycles offer a
higher degree of flexibility in this regard without compromising
LBR and are therefore more commonly preferred in clinical
settings. Previous research has shown no difference in reproductive
outcomes in patients undergoing HRT cycles, regardless of the
route of estrogen administration (Ghobara et al., 2017; Zaat et al,,
2021). However, no conclusive studies are available for comparing
the clinical outcomes of various approaches to endometrial
preparation. To compare the clinical outcomes of oral (tablets)
versus transdermal (gel/patches) estrogen for endometrial
preparation in GnRH agonist down-regulated HRT-frozen embryo
transfer cycles, the present systematic review and meta-analysis
was conducted.

METHODS

Protocol registration

The study was conducted following standard guidelines using the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement (Moher et al., 2015) and was registered with
PROSPERO under the number CRD42022342535.
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Ethics and dissemination

No ethical approval is required for this study, as it is a systematic
review and meta-analysis of previously published studies. The
results of this study will be disseminated through a peer-reviewed
publication and conference presentations.

Eligibility criteria

Inclusion criteria

1. Randomized controlled trials (RCTs) comparing the use of oral
and transdermal estrogen for endometrial preparation in HRT-
FET cycles.

2. Studies published in English language.

3. Studies reporting on at least one of the following outcomes: CPR,
LBR, endometrial thickness, cancellation rate, and adverse events.

Exclusion criteria:

1. Non-RCTs, observational studies, case reports, letters, and
editorials.

2. Studies that compared oral and transdermal estrogen for non-
endometrial preparation in HRT-FET cycles.

3. Studies that used other types of estrogen preparations (e.g.,
vaginal or injectable).
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Search strategy

A comprehensive literature search was undertaken for all published
articles up until May 30, 2022, in electronic databases including
PubMed, Embase, Cochrane Library, Scopus, OVID Trip Database,
and Google Scholar. The following key terms were used: “oral
estrogen” OR “transdermal estrogen gel” OR “Oral” versus “Trans
dermal E2 gel” OR “E2 versus oral” AND “FET” OR “frozen thawed
embryo transfer” AND “Hormone Replacement Therapy” OR “HRT”
AND “Endometrium preparation.” Additionally, the reference list
of retrieved studies and review articles was manually searched to
retrieve relevant studies further, often missed while performing the
electronic search.

Study selection

Two reviewers independently screened the titles and abstracts of
the identified studies. The inclusion criteria were RCTs comparing
oral and transdermal estrogen for endometrial preparation in HRT-
FET cycles. Studies that did not report clinical outcomes or included
patients with a history of uterine abnormalities, endometrial
hyperplasia or cancer, or polycystic ovary syndrome (PCOS) were
excluded. Any disagreement between the reviewers was resolved by
discussion and consensus or by consulting a third reviewer.

Fig. 1. PRISMA flow diagram for the selection of studies and specific reasons for exclusion from

the present meta-analysis.
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Fig. 2 (A-E). Forest plot for (A) endometrial thickness; (B) implantation rate; (C) clinical pregnancy rate; (D) miscarriage rate; and
(E) live birth rate in oral versus transdermal estrogen for frozen embryo transfer cycle.
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Data extraction

Data extraction was performed independently by two reviewers
using a standardized data extraction form. The following data were
extracted: study characteristics (author, year of publication, country,
sample size, study design, and duration), patient characteristics
(age, BMI, etc.), treatment characteristics (type of estrogen, dose,
duration, and mode of administration), and clinical outcomes (CPR,
implantation rate (IR), miscarriage rate (MR), ongoing pregnancy
rate, LBR, endometrial thickness, and adverse events).

Quality assessment

The risk of bias (ROB) of the included studies was assessed
independently by two reviewers using the Cochrane Collaboration’s
tool for assessing the ROB (Higgins et al., 2023). The following
domains were assessed: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of
outcome assessors, incomplete outcome data, selective reporting,
and other sources of bias. Any disagreement between the reviewers
was resolved by discussion and consensus or by consulting a third
reviewer.

Data synthesis and analysis

Statistical analysis was performed using Review Manager version 5.4
(The Cochrane Collaboration, Copenhagen, Denmark). The pooled
effect sizes were calculated as odds ratios (ORs) for categorical or
standardized mean differences (SMDs) for continuous with 95%
confidence intervals (CIs) using the fixed/random-effects model.
Heterogeneity was assessed using the I” statistic, with values of 25%,
50%, and 75% representing low, moderate, and high heterogeneity,
respectively (Higgins and Thompson, 2002). Subgroup analysis
was performed according to the type of estrogen and mode of
administration.

Trial sequential analysis

Trial sequential analysis (TSA) was conducted with the guidelines
of a former publication by Meng et al. (2018). To determine the
necessary sample size, we chose a type I error significance of 5%.
We then constructed the TSA monitoring boundaries using TSA
software Version 0.9.5.10 Beta.

RESULTS

Literature selection

The initial search generated 96 records, as shown in Fig. 1, of which
23 records remained after the removal of duplicates. Following the
exclusion of irrelevant studies and review articles, a total of 11 eligible
articles were further evaluated for eligibility. Finally, after evaluating
study details, four articles were removed due to insufficient data
or overlapping data, leaving the current meta-analysis with a total
of seven studies (Davar et al., 2016; Ferrer-Molina et al., 2018;
Kahraman et al., 2019; Kumari et al., 2021; Patil et al., 2021; Scheffer
et al., 2021; Tehraninejad et al., 2018).

Study characteristics

Table 1 presents the details of the seven studies included in this
meta-analysis, comprising a total of 898 patients undergoing in-vitro
fertilization (IVF). The studies were published between 2016 and
2021, with sample sizes ranging from 30 to 156 IVF patients. Of the
included studies, five were conducted in populations of Caucasian
ethnicity, while two studies included populations of Asian ethnicity.

Endometrial thickness

The meta-analysis of five studies (Davar et al., 2016; Ferrer-Molina
et al., 2018; Kahraman et al., 2019; Kumari et al., 2021; Tehraninejad
et al,, 2018) revealed significant variations in endometrial thickness

96

Fig. 3.
about each risk of bias item for each included study.

Risk of bias summary: review authors” judgments
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Blinding of outcame assessment (detection bias)

Other hias
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® 0060
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(ET) between the oral and transdermal estrogen groups (SMD =
0.16; 95% CI = 0.02-0.31), as depicted in Fig. 2A. A fixed effects
model was employed due to the considerable heterogeneity observed
among the included studies (I* = 0%, p = 0.66).

Implantation rate

Out of the seven studies included, three (Davar et al., 2016; Kumari
et al,, 2021; Scheffer et al., 2021) provided data on IR. The meta-
analysis showed no significant difference in IR between the oral
and transdermal estrogen groups (OR = 0.76; 95% CI = 0.42-1.38),
as presented in Fig. 2B. The included studies demonstrated no
substantial heterogeneity (I* = 0%; p value = 0.71).

Clinical pregnancy rate

All seven studies (Davar et al.,, 2016; Ferrer-Molina et al., 2018;
Kahraman et al., 2019; Kumari et al., 2021; Patil et al., 2021; Scheffer
et al, 2021; Tehraninejad et al, 2018) provided data on clinical
pregnancy rate (CPR). There was no significant difference in CPR
between the oral and transdermal estrogen groups (OR = 0.98;
95% CI = 0.74-1.31), as illustrated in Fig. 2C. The included studies
demonstrated no substantial heterogeneity (I* = 0%; p value = 0.43).

Miscarriage rate

A meta-analysis of five studies (Davar et al., 2016; Ferrer-Molina
et al., 2018; Kahraman et al., 2019; Kumari et al., 2021; Scheffer et al.,
2021) showed no significant association in miscarriage rate (MR)
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Fig. 4. Trial sequential analysis for endometrial thickness in oral versus transdermal estrogen for frozen embryo transfer
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between the oral and transdermal estrogen groups (OR = 1.28; 95%
CI = 0.79-2.06), as depicted in Fig. 2D. However, there was a trend
toward a higher MR in the transdermal estrogen group. The fixed-
effects model was used due to the low heterogeneity observed among
the included studies (I* = 0%; p value = 0.32).

Live birth rate

A meta-analysis of three studies (Ferrer-Molina et al., 2018; Patil
etal,,2021; Tehraninejad etal., 2018) revealed no significant difference
in live birth rate (LBR) between the oral and transdermal estrogen
groups (OR = 0.73; 95% CI = 0.43 to 1.23), as presented in Fig. 2E.
The included studies demonstrated no substantial heterogeneity
(P = 19%; p value = 0.29).

Quality assessment

Overall, most of the RCTs were assessed to have a low or unclear
ROB (Fig. 3). The main sources of potential bias were unclear
randomization and allocation concealment methods, as well as a lack
of blinding for participants and personnel.

Trial sequential analysis

The TSA results are presented in Fig. 4. The required sample size was
determined to be 641 samples, and the cumulative z-curve crossed
the trial sequential monitoring boundary before reaching the
required sample size. This indicates that the conclusions drawn from
the analysis are robust, with sufficient evidence to support them.

DISCUSSION

The meta-analysis included a total of seven studies, involving 898
IVF patients. Overall, most of the RCTs were assessed to have a low
or unclear ROB. The main sources of potential bias were unclear
randomization and allocation concealment methods, as well as a lack of
blinding for participants and personnel. The meta-analysis showed that

the endometrial thickness was significantly higher in the transdermal
estrogen group than in the oral estrogen group. These results suggest
that transdermal estrogen may be more effective in promoting
endometrial growth for FET in HRT-FET cycles than oral estrogen.

The use of exogenous estrogen for endometrial preparation is a
crucial step in FET cycles. In recent years, there has been a growing
interest in comparing the clinical outcomes of different routes
of estrogen administration, specifically oral versus transdermal
administration. The current systematic review and meta-analysis
aimed to evaluate the differences in clinical outcomes between these
two routes of administration in HRT-FET cycles. In an updated
Cochrane Review, Ghobara et al. (2017) assessed various endometrial
preparation methods, including clomiphene and gonadotropins,
in comparison to HRT-FET cycles with or without GnRH agonist
down-regulation. The endometrial preparation techniques varied
and included true or modified natural cycles, as well as other FET
regimens. However, there was insuflicient evidence to recommend
one regimen over another in women with regular ovulatory cycles
undergoing frozen-thawed embryo transfer.

The lack of significant differences in LBR, CPR, and MR
between the two groups is also consistent with previous studies
(Patil et al., 2021; Scheffer et al., 2021). However, it is important
to note that the included studies had varying patient populations,
sample sizes, and study designs, which may have contributed to
the heterogeneity observed in the meta-analysis. The results of this
meta-analysis have important implications for clinical practice.
While there may be no significant differences in clinical outcomes
between oral and transdermal estrogen administration, the
finding that transdermal administration may result in a thicker
endometrial lining may be of particular interest to clinicians.
In cases where endometrial thickness is a concern, transdermal
administration may be a preferred route of administration.
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We acknowledge that future studies should consider including
other types of cycles to further explore the clinical outcomes of
oral versus transdermal estrogen for endometrial preparation in
different cycle types.

Chen et al. (2016) reported a significantly higher (two times) risk
of preeclampsia in HRT-FET cycles compared with that in fresh transfer
cycles in women who were diagnosed with polycystic ovary syndrome.
The possible reason is that the supra-physiologic number of corpora
lutea in fresh transfer cycles could produce the circulating vasoactive
factors and protect pregnancies against hypertensive disorders of
pregnancy (HDP) compared with natural cycles (NC). Additionally,
enterohepatic circulation plays a crucial role in maintaining the
stability of estrogen levels, particularly when estrogen is administered
orally (Hu et al., 2023). It is important to note that pregnancy outcomes
other than live births are important in light of the increased risk of pre-
eclampsia associated with HRT-FET cycles (Racca et al., 2023).

It is worth noting that this meta-analysis has several limitations.
First, the included studies had varying patient populations, which
may limit the generalizability of the results. Second, the included
studies had different protocols for estrogen administration, which
may have contributed to the heterogeneity observed in the meta-
analysis. Finally, the included studies did not report on the long-
term effects of estrogen administration, such as the risk of venous
thromboembolism.

CONCLUSION

The current meta-analysis suggests that there may be no significant
differences in clinical outcomes between oral and transdermal
estrogen administration for endometrial preparation in HRT-FET
cycles. However, transdermal administration may result in a thicker
endometrial lining, which may be of interest to clinicians. Further
studies are needed to better understand the long-term effects of
estrogen administration and to determine the optimal preparation.
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