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Abstract

Estradiol (E2) levels on the day progesterone starts may negatively impact implantation, ongoing pregnancy, and live
birth rates in frozen embryo transfer (FET). Overall, while the picture isn't entirely clear, some evidence suggests
maintaining estradiol levels within a specific range before starting progesterone might be beneficial for frozen
transfer success. So we performed a systematic review and meta-analysis to find out the rate of pregnancy-related
outcomes of frozen embryo transfer in different level of E2. This review was designed based on the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA). A multi database search was conducted (PubMed,
Web of Science and Scopus) from the earliest date of each database until the 21st of April 2024. Data on the included
articles including author, year, type of study, patients number, age, hormones like LH, FSH, successful pregnancy,

live birth rate, and miscarriage were retrieved by two independent investigators. We categorized the values of E2

into five groups due to various values reported by studies to understand it better consisting of “Up to 200 pg/mL,
“200-500 pg/ml’,“500-1000 pg/mL”,“1000-2000 pg/ml’,“2000-3000 pg/mL"and “more than 3000 pg/mL" A forest
plot was used to present the pooled measure. The analysis was performed using Stats version 13. A total of 14 studies
containing 16,040 patients were included in the analysis. Studies reported a pooled prevalence of 57% with E2 level
up to 200 pg/mL for clinical pregnancy. Also, studies reported a pooled prevalence of 46% with 200-500 pg/mL E2
for live birth rate. The lowest rate of miscarriage (6%) was observed in patients with 1000-2000 pg/mL E2 We found
that the best level of E2 for having successful clinical pregnancy is up to 200 pg/mL and live birth rate is 200-500 pg/
ml so we can say that E2 less than 500 pg/mL is a suitable value for pregnant.
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Introduction

Sufficient levels of estrogen are also helpful in improv-
ing the endometrium’s receptivity for more successful
implantation [1]. In relation to the endometrium, luteal
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tile and infertile cycles [4].
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Too little or too much estrogen can have a detrimental
effect on the receptivity of the human endometrium, so
it can be challenging to find the ideal range. The corpus
luteum becomes dysfunctional during in vitro fertiliza-
tion (IVF) when GnRH-a or GnRH-ant is inhibited in the
pituitary gland and a considerable number of granulosa
cells are removed during egg retrieval. Consequently, this
lowers the synthesis of progesterone and estrogen and
stops these hormones from reaching their second peak
[5]. Therefore, it has been demonstrated by a number of
studies ethat estrogen supplementation at this point can
improve clinical outcomes [6, 7].

Nevertheless, additional research has revealed that
boosting luteal support with estrogen might not improve
clinical results, despite the growing significance of luteal
support in IVF [8, 9]. According to certain studies, serum
E2 levels measured in the middle and late luteal phases
(MIIPSE2) may serve as predictive markers for clini-
cal outcomes. Conflicting data, however, exists [10-13],
and another study has not been able to substantiate these
assertions [14]. Hung et al. demonstrated the lack of a
significant relationship between estradiol level and preg-
nancy rates [15]. Furthermore, Friedler et al. revealed
that in good and high responders, there was no corre-
lation between the chance of conception and either the
absolute mid-luteal estradiol level [14].

A meta-analysis conducted by Huang et al. in 2015
showed that, even at varying daily dosages, the addition
of estradiol during the luteal phase via oral medication
does not enhance the success of IVF [16]. Another meta-
analysis led by Gelbaya et al. in 2008 revealed that there is
no increase in the likelihood of pregnancy when proges-
terone and estradiol are added for luteal phase support in
IVF cycles [9]. We conducted a meta-analysis to address
this disagreement, which shows ambiguous effects of E2
on clinical outcomes after IVE.

Methods

This systematic review and meta-analysis was designed
based on the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses [17]. The PICO (Patient,
Intervention/exposure, Comparison, and outcome)
framework was patients undergone frozen embryo trans-
fer, estradiol level, groups with different estradiol level/
not taking estradiol supplementation and pregnancy-
related outcomes like live birth rate and miscarriage.

Search strategy

A multi database search was conducted (PubMed, Web
of Science and Scopus) from the earliest date of each
database until the 21st of April 2024. Table 1 gives an
overview of our search strategy.
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Table 1 A sample search strategy done for PubMed

Database Keywords and syntax

PubMed ((estradiol [Title/Abstract] OR E2 [Title/Abstract]
OR Estrace [Title/Abstract] OR Delestrogen [Title/
Abstract] OR Elestrin [Title/Abstract] OR Estradot
[Title/Abstract] OR Estrasorb [Title/Abstract]

OR Estrogel [Title/Abstract] OR Vivelle [Title/
Abstract])) AND ((frozen blastocyst embryo
[Title/Abstract] OR frozen embryo transfer [Title/
Abstract] OR frozen-thawed embryo transfer
[Title/Abstract])) AND ((pregnancy [Title/Abstract]
OR live birth [Title/Abstract] OR miscarriage [Title/
Abstract] OR abortion [Title/Abstract]))

Link https://pubmed.ncbi.nlm.nih.gov/?term=%28%
28estradiol+%5BTitle%2FAbstract%5D+OR+
E2+%5BTitle%2FAbstract%5D+OR+Estrace+%
5BTitle%2FAbstract9%5D+0R+Delestrogen+%
5BTitle%2FAbstract9%5D+0R+Elestrin+%5BTitle%
2FAbstract%5D+OR+Estradot+%5BTitle%2FAbs
tract%5D+O0R+Estrasorb+9%5BTitle%2FAbstract%
5D+OR+Estrogel+%5BTitle%2FAbstract%5D+
OR+Vivelle+%5BTitle%2FAbstract%50%29%29+
AND+%28%28frozen+blastocyst+embryo+%
5BTitle%2FAbstract%5D+OR+frozen+embryo+
transfer+9%5BTitle%2FAbstract%5D+0OR+frozen-
thawed-+embryo+transfer+%5BTitle%2FAbs
tract%50%29%29+AND+%28%28pregnancy+%
5BTitle%2FAbstract9%5D+O0R+live+birth+9%5BTit
le%2FAbstract%5D+OR+miscarriage++%5BTitle%
2FAbstract%5D+0R+abortion+%5BTitle%2FAbs
tract%50%29%29+&sort=date

Two authors individually screened and selected stud-
ies on the basis of title and abstract. After primary selec-
tion, authors reviewed the full text of the selected studies
and determined suitability for inclusion, based on the
established selection criteria. For further eligible stud-
ies, cross-references were screened. Disagreements were
solved by discussion with each other and the third/inde-
pendent author until consensus was reached.

Search strategy was as following:

Inclusion criteria to select studies
+ Women undergone frozen embryo transfer
+  Women taking estradiol
Exclusion criteria
« Studies investigating pregnancy-related on animals

+ Case reports
+ Assessing trigger E2

Data extraction
Data on the included articles including author, year, type
of study, patients number, age, hormones like LH, FSH,
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successful pregnancy, live birth rate, and miscarriage were
retrieved by two independent investigators. A third investi-
gator independent from the other two corrected the differ-
ences observed in this process. The Newcastle Ottawa Scale
was used for the qualitative assessment of studies [18].

Ethical statement

Since this meta-analysis study works with secondary data
and only analyzes “published studies’; it does not require a
code of ethics and patient consent because the study unit
in meta-analysis is only published studies, not patients.

Statistical analysis

The main measure of the effect/effect size was preg-
nancy-related outcomes like live birth rate, miscarriage
and successful pregnancies. I* (showing the amount of
heterogeneity, ranged from 0 to 100%) was used to assess
the heterogeneity among the studies. The random-effects
model (Der Simonian and Laird) was used for the con-
tinuous and frequency outcome under study. Random-
effects meta-analysis was performed for estimating the
main index, which was the pooled prevalence, at the 95%

c
2 Articles identified through the d
k] (n=391)
&=
=}
[
(]
: |
Articles after duplicates removed
-T]
£
= Articles eligible after title
;'—: abstract screening (n =125)
Included studies
(n=43)
. |
3 Articles eligible after full-text sc
T:a (n=14)

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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confidence interval. A forest plot was used to present
the pooled measure. The analysis was performed using
Stats version 13. Averages of quantitative variables were
only reported according to the articles and we just in the
meta-analysis process weighted each study by N (sam-
ple size). If needed, Hozo’s method was used to estimate
mean from median [19]. For descriptive purposes, table
and figure were used. We categorized the values of E2
into five groups due to various values reported by studies
to understand it better consisting of “Up to 200 pg/mL),
“200-500 pg/mL’ “500-1000 pg/mL’ “1000-2000 pg/
mL’ “2000-3000 pg/mL” and “more than 3000 pg/mL”
So different level of E2 used in the various studies could
be compared in the forest plot as subgroup analysis while
there is final and pooled analysis. P-values of <0.05 were
considered statistically significant.

Results

A total of 14 studies [20-32] containing 16,040 patients
were included in the analysis (Fig. 1). Study character-
istics extracted in systematic review and meta-analysis
were presented in Table 2.

atabases

(n =303)

and

S—) Records excluded (n =82)

Excluded (n = 29): review,
irrelevant, assessing trigger E2/ on
cleavage and
unclear outcome

reening
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Table 3 Mean age, BMI and main hormones of the patients

Variable Minimum Maximum Mean Standard
deviation

Age (year) 30.00 36.7 32.96 1.92

Baseline BMI 21.35 31.7 24.60 2.25

FSH (IU.L) 5.81 7.90 6.37 0.78

LH (UL 3.00 14.00 6.98 512

E2 (pg/mL) 35.87 1749 469.07 408.33

Mean age of the patients was 23.96 with mean BMI of
24.60 kg/m? Mean FSH, LH and E2 was 6.37 IU.L, 6.98
IU.L and 469.07 pg/mL (Table 3).

According to Fig. 2, pooled estimation of a meta-anal-
ysis of prevalence studies reported a prevalence of 51%,
i.e. 51 out of every 100 patients experience clinical preg-
nancy in different levels of E2 level in which up to 200
pg/mL was the best level with 0.57 prevalence of clinical
pregnancy as well as 54% for 1000—2000 pg/ml.

According to Fig. 3, pooled estimation of a meta-anal-
ysis of prevalence studies reported a prevalence of 9%,
i.e. 9 out of every 100 patients experience miscarriage in
different levels of E2 level and 1000—-2000 pg/mL showed
less miscarriage rate (6%).

According to Fig. 4, pooled estimation of a meta-analy-
sis of prevalence studies reported a prevalence of 43%, i.e.
43 out of every 100 patients experience live birth in dif-
ferent levels of E2 level in which 200-500 pg/mL was the
best level with 0.46 prevalence of live birth.

Figure 5 shows that bias publication did not have an
influence on the creation of negative results, which is
shown as symmetry in the funnel plot. Meanwhile, no
evidence of publication bias was detected (P=0.520,
t=0.65). Indeed, publication of bias due to affecting by
sample size is not a powerful test.

Discussion
In this study, we examined the effects of different levels of
estradiol on FET-related outcomes, because according to
the results of different studies, various findings of estra-
diol levels have been reported, which are not consistent
and required a meta-analysis to reach a pooled result. In
summary, we found that pregnant women with estradiol
levels up to 200 pg/mL had the highest success rates in
terms of clinical pregnancy as well as 200-500 pg/mL
for delivering live birth. It’s important to note that these
results need further confirmation through larger studies
that follow women over a longer period.

In a study by Alsbjerg et al. [20] that the primary out-
come was the live birth rate in relation to E2 levels, it was

Page 8 of 13

shown a significant association between serum E2 levels
and the optimal serum E2 levels correlating with ongoing
pregnancy were>292 pg/mL and<409 pg/mL. Totally
this study was about consistent with our study by the
levels are different in which we found 200-500 pg/mL as
premium level of live birth rate.

Lin et al. [21] revealed that there were no significant
differences in obstetric complications and perinatal out-
comes based on the estradiol level and they stated that
the hormonal environment around implantation did not
appear to be the primary cause of differences in obstetric
and perinatal outcomes between the two EM preparation
methods used in FET. Vyas et al. performed a study on
live birth rate when estradiol levels more closely mimic
physiology. In this study, negative impact of higher peak
E2 on the live birth rate was found using regression. They
reported serum E2 levels to 300-500 pg/mL following
FET to obtain high live birth rate compared with E2 lev-
els of <300 pg/mL or > 500 pg/mL [22].

Vyas et al. [22] showed about same results with Alsb-
jerg et al. [20] reporting serum E2 levels to >292 pg/mL
and <409 pg/mL to improve live birth rate but our study
suggests higher levels of E2 to improve live birth rate.
Deng et al. reported different results and showed that a
high serum E2 level before progesterone administration
does not adversely affect the pregnancy outcomes [27].
Also, Choi et al. [28] reported results consistent with
the results of Deng et al. [27] and showed that Ongoing
pregnancy rate in frozen embryo transfer cycles is not
negatively impacted by elevated estradiol levels but at
estradiol levels>3000 pg/mL, a statistically significant
ongoing pregnancy rate was observed. This study was
consistent with our results indicating more than 5000
pg/mL for E2 level to increase clinical pregnancy and
live birth rate. Larger sample sizes have more powerful
results to generable for others so we must focus on larger
sample size of studies to make decision considering the
correct methodology of the study.

Liu et al. [23] showed that all of abortions occurred
in the high estradiol level group (1560.4 pg/mL) and
embryo implantation rate of the ultra-high estradiol
group (2420.9 pg/mL) was the highest. The pregnancy
outcome of the three groups was as follows: the clinical
pregnancy rate of the three groups was 37.9% in the con-
trol group, 51.8% in the high estradiol group and 40.0%
in the ultra-high estradiol group shows that higher level
compared to normal level resulted in high clinical preg-
nancy and in this regard this study was consistent with
our results. Additionally, Goldman et al. [26] demon-
strated the same results consistent with our study and
reported that high levels of serum estradiol on the day
of progesterone start may be detrimental to implanta-
tion, pregnancy, and live birth following frozen blastocyst
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0.58 (0.55, 0.60)
0.64 (0.31, 0.89)
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0.40 (0.28, 0.53)

0.51 (0.43, 0.58)
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%
Weight

3.59
3.63
3.62
2.39
3.41
3.47
20.11

3.61
3.60
3.56
3.44
3.30
3.45
3.62
3.63
3.62
3.61
3.51
3.50
3.36
3.57
3.50
52.88

3.62
3.63
3.05
3.46
13.76

3.45
3.20
3.29
9.94

3.31

100.00

Fig. 2 Forest plot showing the clinical pregnancy rate

transfer. They showed that the estradiol with a mean of
528 pg/mL were associated with lower risks of implanta-
tion, ongoing pregnancy, and live birth compared with
those with the estradiol with a mean of 212 pg/mL. Miao
et al. in 2021 [32] divided the patients into 5 groups

1.5

based on their estradiol level on the day of endometrial
transformation as follows: Group A (<150 pg/ml). Group
B (150 <estradiol<300 pg/ml); Group C (300 <estra-
diol <450 pg/ml); Group D (450 <estradiol <900 pg/ml);
Group E (estradiol >900 pg/ml). They found that there
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Study ES (95% CI) Weight
Up to 200 pg/mL
Huang et al., 2024a - 0.09 (0.06, 0.12)7.54
Huang et al., 2024b - 0.09 (0.08, 0.10)12.42
Huang et al., 2024c - 0.08 (0.07, 0.10)11.09
Garimella et al., 2021a * 0.27 (0.06, 0.61)0.14
Garimella et al., 2021b B E— 0.14 (0.07, 0.23)1.58
Subtotal (12 = 17.78%, p = 0.30) ¢ 0.09 (0.08, 0.10)32.76

I
200-500 pg/mL '
Huang et al., 2024d - 0.08 (0.07, 0.10)9.96
Huang et al., 2024e - 0.09 (0.07, 0.11)8.60
Vyas et al., 2023a —— 0.10 (0.03, 0.23)1.06
Vyas et al., 2023b —— 0.09 (0.05, 0.14)4.20
Goldman et al., 2022a —_—— 0.11 (0.05, 0.19)1.95
Goldman et al., 2022b —— 0.12 (0.06, 0.20)1.88
Goldman et al., 2022¢ —_—rr 0.12 (0.06, 0.21)1.85
Garimella et al., 2021c JI—O— 0.13 (0.08, 0.19)2.80
Garimella et al., 2021d —— 0.14 (0.09, 0.20)2.62
Garimella et al., 2021e —t— 0.13 (0.06, 0.24)1.29
Subtotal (12 =0.00%, p =0.45) & 0.09 (0.08, 0.11)36.20

I
500-1000 pg/mL '
Vyas et al., 2023c —— 0.09 (0.06, 0.11)7.71
Wang et al., 2023a * 0.08 (0.08, 0.09)13.78
Goldman et al., 2022d e 0.06 (0.02, 0.12)3.29
Garimella et al., 2021f ! +- 0.41 (0.24, 0.59)0.32
Subtotal (1*2 =80.33%, p = 0.000 0.09 (0.06, 0.13)25.09

I
1000-2000 pg/mL :
Liu et al., 2022a ——— 0.13 (0.07, 0.20)2.15
Deng et al., 2018 —_— 0.02 (0.00, 0.12)3.79
Subtotal (12 =%, p=") <>: 0.06 (0.02, 0.09)5.95
Heterogeneity between groups: p = (;.267
Overall (1"2 =51.85%, p = 0.00); Q 0.09 (0.08, 0.10)100.00

I
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Fig. 3 Forest plot showing the miscarriage rate

were no statistically significant differences between the
five groups in clinical pregnancy rates. They reported
that high estradiol levels (>900 pg/mL) may be associ-
ated with first trimester abortion. Furthermore, the live
birth rate was relatively high when the estradiol level was
in the range of 150—-900 pg/ml on the day of endometrial
transformation [32]. But we found that 200-500 pg/mL
was the best level of E2 with %46 prevalence of live birth.
Fritz et al. in 2017 [29] indicated that average E2 levels
were significantly lower in cycles resulting in patients
with live birth (234.1+16.6 pg/ml). Although increasing

E2, decreases live birth rate. As200-500 pg/mL was the
best level of E2 for higher live birth rate in our study, the
results of Fritz et al. [29] is close to our results.

In a study by Garimella et al. in 2021 [30], the results
showed that miscarriage rate was high when E2 was
less than 100 pg/mL (28.5%) and when E2 was more
than 500 pg/mL (41.1%) while we found that preva-
lence of miscarriage is similar in different levels
(6—9%). Garimella et al. reported that clinical preg-
nancy did not influenced by E2 levels while our results
demonstrated that up to 200 pg/mL was the best level
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Fig. 4 Forest plot showing the live birth rate

with 0.57 prevalence of clinical pregnancy. In another
study, Mackens et al. in 2020 [31] included a large
sample size (N=1222) in three groups (E2 <144 pg/
ml, 145 to 438 pg/ml and > 439 pg/ml). They reported

no association between serum E2 levels and live
birth rate. Finally, as we found, it is not necessary to
increase E2 levels more than 500 pg/ml using supple-
mentations. While our findings suggest optimal E2
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Fig. 5 Funnel plot assessing publication bias by Egger’s test

ranges for different outcomes, but these results should
be confirmed through prospective studies before being
widely implemented in clinical practice. Long-term
follow up can be performed as a long-term prospective
cohort study.

Conclusion

In conclusion, the study suggests that E2 levels up to 200
pg/mL might be associated with the highest rates of clini-
cal pregnancy (57%) and 200-500 pg/mL for live birth
(46%) so we can say that E2 less than 500 pg/mL is a suit-
able value for pregnant. The lowest miscarriage rate (6%)
was seen in the group with estradiol levels between 1000
and 2000 pg/mL. It’s important to note that these find-
ings require further confirmation with clinical trials and
longitude prospective cohorts.
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