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Abstract
Background  The accurate prediction of pregnancy outcomes in in vitro fertilization (IVF) cycles is crucial. While 
several studies have been conducted on the predictive power of serum estradiol (E2) and β-hCG concentrations post-
embryo transfer (ET) for pregnancy outcomes, there is debate on the predictive value of E2. The objective of this study 
was to investigate the predictive efficacy of combining serum E2 and β-hCG levels on early reproductive outcomes 12 
days after embryo transfer.

Methods  A total of 1521 patients with β-hCG positive values on day 12 following frozen-thawed embryo transfer 
(FET) with natural endometrial preparation cycles (NCs) were gathered in affiliated Women’s Hospital of Jiangnan 
University. Using logistic regression, the relationship between pregnancy outcome and early serum E2 and β-hCG 
concentrations was examined. The receiver-operating characteristic (ROC) analysis was used to assess the predictive 
accuracy of the serum E2 and β-hCG concentrations.

Results  Notable distinctions were observed in the serum E2 and β-hCG levels on the twelfth day following FET 
with NCs between the groups classified as clinical pregnancy group (CP Group) and biochemical pregnancy group 
(BP Group). In addition, the cutoff values for E2 and β-hCG on day 12 following FET with NCs in cleavage embryo 
group (CE Group) were 129.25 pg/mL and 156.60 mIU/mL, respectively. The threshold values for E2 and β-hCG for the 
blastocyst group (B Group) were 174.45 pg/mL and 217.70 mIU/mL. Serum E2 day12 and β-hCG day12 were found to be 
substantially linked with clinical pregnancy by logistic regression analysis.

Conclusions  Serum E2 and β-hCG concentrations were found to be significantly different between the CP Group 
and BP Group in infertility women underwent FET with NCs. Our retrospective cohort study’s findings suggest that 
the combination of early E2 and β-hCG levels on day 12 post-FET could be used as a predictive tool to evaluate the 
likelihood of both positive and negative pregnancy outcomes in FET with NCs.
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Introduction
In the field of in vitro fertilization (IVF), which has been 
in development for over forty years, physicians frequently 
use β-hCG to forecast the likelihood of successful preg-
nancy outcomes in women who have conceived natu-
rally or with the use of assisted reproductive technology 
(ART) [1, 2]. However, there remains ongoing debate 
regarding the most effective methods for predicting 
adverse pregnancy outcomes, such as biochemical preg-
nancies, in order to facilitate a smooth transition from 
clinical pregnancy to term and minimize the occurrence 
of biochemical pregnancies.

The role of estradiol (E2) is well documented in IVF 
cycles, particularly in fertilization and implantation. 
Many researches in hints that successful IVF and a 
healthy pregnancy is associated with the levels of estro-
gen. Currently, a number of studies suggested that levels 
of hormones such as E2 may play a role in predicting suc-
cessful pregnancy in IVF cycles [3, 4], but some results 
are controversial [5, 6]. What’s more, most previous 
studies paid attention to the association of clinical out-
comes with E2 on the day of β-hCG administration, or E2 
related with fresh embryo transplantation. However, rare 
study investigated earlier serum E2 levels on day 12 after 
frozen-thawed embryo transfer (FET) and lately clinical 
pregnancy outcomes. Hormonal replacement treatment 
cycles (HRTs) and natural endometrial preparation cycles 
(NCs) are two popular protocols for endometrial prepa-
ration, and this retrospective study aimed to assess the 
association between earlier serum E2 and β-hCG levels 
on day 12 following FET with NCs and clinical pregnancy 
outcome. Furthermore, our study aimed to identify the 
optimal E2 and β-hCG threshold values for predicting 
pregnancy outcomes in FET with NCs.

Materials and methods
All procedures in this study were approved by the Ethics 
Committee of Affiliated Women’s Hospital of Jiangnan 
University (2023-06-1213-65).

Cohort selection
In this retrospective study, infertile women undergoing 
FET with NCs were included based on electronic medical 
records from 2012 to 2022.

Clinical characteristics such as maternal age at diagno-
sis, nationality, the years of infertility, body mass index 
(BMI), basal estradiol (bE2), basal follicle-stimulating 
hormone (bFSH) and basal luteinizing hormone (bLH), 
anti-Müllerian hormone (AMH), basal prolactin (bPRL), 
β-hCG levels, etc., were collected. Weight and height at 
time of diagnosis were measured by BMI calculated and 
classified according to the ethnicity-specific WHO classi-
fication for Asian/Indian women: underweight (< 18.4 kg/

m2), normal weight (18.5–22.99 kg/m2), overweight (23–
27.49 kg/m2), and obese (> 27.50 kg/m2) [7].

The study included the patients aged up to 35 years old 
and without major system disease. Patients with uterine 
malformation, uterine fibroids or adenomyosis, severely 
damaged endometrium and chromosomal abnormalities 
of either part of the couple were excluded. Patients with 
incomplete basic endocrine parameters and untimely 
β-hCG and E2 data were also excluded from the study. 
Additionally, patients with an endometrial thickness 
less than 8 mm were not included in the analysis. Those 
who required exogenous estrogen supplements were also 
excluded due to their slow endometrial growth without 
supplementation. Finally, a total of 1521 cycles with posi-
tive β-hCG values were collected, forming two groups: 
CE Group (n = 595) and B Group (n = 926).

Blood samples were collected on day 12 post-embryo 
transfer, followed by quantification of serum E2 and 
β-hCG levels. The CE Group was further divided into 
clinical pregnancy group (CE-CP Group, with gesta-
tional sac) and biochemical pregnancy group (CE-BP 
Group, without gestational sac), based on the cutoff value 
of β-hCG ≥ 5 mIU/mL [8]. Similarly, the B Group was 
divided into blastocyst-clinical pregnancy group (B-CP 
Group) and blastocyst-biochemical pregnancy group 
(B-BP Group). A flow diagram of the patient-selection 
process is presented in Fig. 1.

Treatment protocols and endometrial preparation
In the natural FET cycles, endometrial maturation is 
determined by endogenous estradiol and progesterone, 
which are generated by stimulating the growth of the 
endometrium and the development of follicles. Regularly 
menstruating women can use NCs to plan FET without 
the need for high dose exogenous hormone supplements. 
However, oral low-dose estrogen (Estradiol Valerate, 
Bayer, Germany) will be administered to certain patients 
whose endometrium thickness is consistently thin, par-
ticularly when the dominant follicle is up to 14  mm, in 
order to promote endometrial growth. Finally, FET will 
be carried out if the endometrial thickness is ≥ 8  mm. 
Otherwise, the cycles will be cancelled. Furthermore, for 
those who might not make enough progesterone during 
embryo transfer, progesterone treatment is carried out 
during natural cycles.

Following 12–14 days of menstruation, an ultrasound 
evaluation was done to track follicle growth and mea-
sure follicle size. When the follicle reaches a diameter 
of 16 mm, daily transvaginal ultrasound becomes neces-
sary, and serum levels of LH, E2, and P can be detected 
until spontaneous ovulation. It is routine to do NCs-
FET at the cleavage embryo and blastocyst on Days 0 + 3 
and 0 + 5 days, respectively, taking into account that the 
day of ovulation is Day 0. For luteal phase support, oral 
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progesterone tablets (Duphaston, Abbott, 20  mg) and 
vaginal progesterone gels (Crinone, Merck Serono, Ger-
many, 90 mg qd) were used. Support for the luteal phase 
was continued until week 10, at when the β-hCG tests 
turned positive.

Morphological assessment of cleavage embryos and 
blastocysts
D3 cleavage embryos were divided into four groups based 
on their cell number, symmetry of blastomeres, and 
degree of fragmentation. Grade I included embryos with 
7–9 cells, symmetrical blastomeres, and < 5% fragmenta-
tion; Grade II included embryos with 6 cells, symmetrical 
blastomeres, and < 5% fragmentation; Grade III included 
embryos with 4–5 cells, symmetrical blastomeres, and 
< 5% fragmentation; Grade IV included embryos with < 4 
cells. We classified Grade I and Grade II as high-quality 
embryos.

Blastocyst morphology was assessed based on the 
Inner cell mass (ICM) and trophectoderm (TE) which 
were categorized according to the number and structure 
of cells. The appearance of tightly packed ICM/TE cells 
was defined as “A”; several grouped cells as “B”; a few 
loose cells as “C”. High-grade blastocysts were defined as 

AA, AB, BA or BB expanded or hatched blastocysts with 
high ICM/TE grading.

Hormone assay
The levels of serum E2 and β-hCG were quantified using 
commercially available automated electrochemilumi-
nescence immunoassays (DxI 800 Immunoassay System, 
Beckman Coulter, USA). All measurements were per-
formed by skilled technicians in strict adherence to the 
manufacturer’s instructions.

Outcomes
Pregnancy outcomes were as follows: biochemical preg-
nancy, clinical pregnancy, ongoing pregnancy, and live 
birth [9]. Biochemical pregnancy [10] was defined as a 
serum β-hCG level ≥ 5 mIU/mL 12 days after embryo 
transfer, and that fails to progress to the point of ultra-
sound confirmation of gestational sac 28–35 days after 
embryo transfer. Clinical pregnancy was defined as 
an intrauterine/extra uterine gestational sac that was 
detected 28–35 days after embryo transfer by ultrasound.

Statistical analysis
IBM SPSS Statistics for Windows Version 27.0 (Armonk, 
NY: IBM Corp) software was used to analyze all the data. 

Fig. 1  Detail criteria and selection of the cohort selection. FET: frozen-warmed embryo transfer; NCs: natural endometrial preparation cycles; CE: cleav-
age embryo; B: blastocyst; CE-CP: cleavage embryo to clinical pregnancy; CE-BP: cleavage embryo to biochemical pregnancy; B-CP: blastocyst to clinical 
pregnancy; B-BP: blastocyst to biochemical pregnancy

 



Page 4 of 8Wu et al. Journal of Ovarian Research          (2024) 17:128 

For analysis, we performed Kolmogorov-Smirnov test to 
determine whether variables were normally distributed 
or not, and then parametric continuous variables were 
expressed as mean values and standard deviation ( ̄x ± s), 
the difference was assessed using T-test. Where required, 
non-parametric variables were analyzed with the median 
(1st and 3rd quartiles) and compared using the Mann 
Whitney U test. A Chi-squared test was used to compare 
rates.

The receiver-operating characteristic (ROC) analysis 
was used to assess the predictive accuracy of the serum 
E2 and β-hCG concentrations. AUC measures the diag-
nostic accuracy of the test, with a greater area corre-
sponding to a greater ability to discriminate between 
patients with clinical pregnancy or not. AUC < 0.5 indi-
cated no predictive value, 0.5 ≤ AUC < 0.7 indicated a low 
predictive value, 0.7 ≤ AUC < 0.9 indicated a moderate 
prediction value and 0.9 ≤ AUC < 1 indicated a high pre-
dictive value.

Spearman’s rank correlation (rs) was used to examine 
the relationship between pregnancy outcome and early 
serum E2 and β-hCG levels. The Pearson’s test was used 
to assess the difference.

Logistic regression analyses were used to study the 
association between variables (day 12 serum E2 and 
β-hCG concentration) and pregnancy outcome. Hos-
mer-Lemeshow test was done to assess the model’s 
goodness-of-fit.

Statistical significance was set at a two-sided P < 0.05.

Results
General characteristics of the included patients
The general characteristics of the included patients are 
presented in Table  1. No statistically significant differ-
ences were observed between the CE-CP Group and 
CE-BP Group, as well as within the B-CP Group when 
compared to the B-BP Group.

Serum E2 and β-hCG were significantly higher in clinical 
pregnancy
Serum E2 levels were compared among all groups on 
day 12 following FET with NCs revealing significantly 
higher serum E2 levels in the CE-CP Group compared 
to the CE-BP Group (212.04 ± 151.27 vs. 112.18 ± 43.18 
pg/mL, P < 0.001). Similarly, there was also a significant 
difference observed between B-CP Group and B-BP 
Group (215.06 ± 96.80 vs. 135.87 ± 55.20, P < 0.001). Like-
wise, there was significant difference observed regarding 
β-hCG level on day 12 following FET with NCs between 
CE-CP Group versus CE-BP Group (474.73 ± 351.88 vs. 
69.18 ± 43.41 mIU/mL, P < 0.001) and similarly within 
B Group (832.88 ± 694.36 vs. 107.49 ± 88.44 mIU/mL, 
P < 0.001).

No significant differences were observed in terms of 
the average number of embryos transferred, the number 
of high-quality embryos transferred, and endometrial 
thickness between B-CP Group and B-BP Group, as well 
as between CE-CP Group and CE-BP Group (P > 0.05, 
Table 2).

AUC analysis hormone profile of serum E2and β-hCG levels 
in predicting clinical pregnancy following FET with NCs
The ability of serum E2 and β-hCG levels to predict 
transplant outcomes was evaluated using AUC analy-
sis (Fig.  2). For the CE Group, serum E2 levels demon-
strated moderate predictive ability for clinical pregnancy 
(AUC = 0.801; sensitivity = 74.45%; specificity = 71.28%; 
cutoff value = 129.25 mIU/mL). In terms of β-hCG levels, 
a cutoff value of 156.60 mIU/mL was identified to predict 
clinical pregnancy with high sensitivity (84.20%), speci-
ficity (95.74%) and predictive value.

For the Group B, the cutoff values for E2 and β-hCG 
concentrations were determined as predictors of clinical 
pregnancy probability: 174.45 pg/mL for E2 and 217.70 
mIU/mL for β-hCG respectively. These values yielded 

Table 1  General characteristics of the included patients
Characteristic Group (n = 1521)

CE Group (n = 595) B Group (n = 926)

CE-CP Group 
(n = 501)

CE-BP Group 
(n = 94)

t/Z/χ2 b Pb B-CP Group 
(n = 759)

B-BP Group 
(n = 167)

t/Z/χ2 c Pc

Age (̄x ± s) a 30(28, 32) 31(28, 33) 1.181 0.237 30(28, 32) 31(28, 33) 1.766 0.077
Duration of infertility a 
(years, ̄x ± s)

3.17
(2.0, 5.0)

3.875
(2.0, 6.52)

1.712 0.087 3.83
(2.58, 5.67)

3.67
(2.42, 5.75)

-0.226 0.821

BMI (̄x ± s, kg/m2) 21.63 ± 2.73 21.07 ± 2.50 -1.857 0.064 21.71 ± 2.91 21.46 ± 2.72 -1.007 0.314
bFSH (mIU/mL) 7.45 ± 2.06 7.01 ± 2.03 -1.918 0.056 7.22 ± 2.26 7.29 ± 2.12 0.352 0.725
bE2 (pg/mL) 36.33 ± 26.86 41.18 ± 17.81 1.684 0.093 38.20 ± 18.10 40.31 ± 21.19 1.320 0.187
bPRL (ng/mL) 15.32 ± 7.68 15.29 ± 7.33 -0.036 0.971 15.11 ± 6.26 14.93 ± 6.85 -0.331 0.740
bLH (mIU/mL) 4.82 ± 3.70 4.60 ± 1.85 -0.552 0.581 5.43 ± 4.50 5.13 ± 3.39 -0.812 0.417
AMH (ng/mL) 4.08 ± 2.58 3.68 ± 2.51 -1.387 0.166 4.33 ± 2.71 4.11 ± 2.64 -0.950 0.342
CE-CP: cleavage embryo-clinical pregnancy; CE-BP: cleavage embryo-biochemical pregnancy; B-CP: blastocyst-clinical pregnancy; B-BP: blastocyst-biochemical 
pregnancy; a Data are median and 25–75 centile range in parentheses; P b and t/Z/χ2 b values for comparison between CE-CP Group and CE-BP Group; P c and t/Z/χ2 
c values for comparison between B-CP Group and B-BP Group
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AUCs of 0.762 and 0.924 respectively along with sensi-
tivities of 63.77% and 81.56% respectively, specificities of 
77.84% and 94.01% respectively. The differences were all 
significant.

Significant relations between day 12 E2 and β-hCG 
concentrations
Significant correlations between serum day 12 E2 and 
β-hCG concentrations were found in the CE Group 
(rs=0.117; P = 0.004) and B Group (rs=0.170; P < 0.001).

Association between variables and clinical outcome by 
logistic analyses
Logistic regression analysis revealed that serum day 12 E2 
and β-hCG concentrations were the significant predictors 
of clinical pregnancy (Table 3). The analysis revealed that 
serum E2 and β-hCG on day 12 were significantly asso-
ciated with clinical pregnancy in the CE Group [E2 day 12: 
odds ratio (OR) of 0.978 (95% CI 0.972–0.984); β-hCG 

day 12: OR of 0.979 (95% CI 0.973–0.984)] and B Group 
[E2 day 12: OR of 0.986 (95% CI 0.983–0.989); β-hCG day 12: 
OR of 0.988 (95% CI 0.986–0.991)].

Discussion
In recent years, IVF has successfully addressed various 
causes of infertility. However, accurately predicting of 
IVF cycle outcomes remains a critical concern. Previous 
research has indicated a correlation between β-hCG lev-
els at different time points after fresh embryo transfer or 
on the day of ovulatory dose of hCG administration along 
with E2 levels and pregnancy outcomes. Nevertheless, 
the predictive value of E2 is still controversial. Therefore, 
this study aims to assess the predictive value of serum 
E2 and β-hCG concentrations on day 12 in determining 
early reproductive outcomes for women undergoing FET 
with natural cycles using natural cycles. We observed sig-
nificant differences in serum E2 levels between biochemi-
cal pregnancy group and clinical pregnancy group, and 

Table 2  Cycle parameters and serum E2 and β-hCG levels on day 12 following FET with NCs
Cycle parameters Group (n = 1521)

CE Group (n = 595) B Group (n = 926)

CE-CP Group 
(n = 501)

CE-BP Group 
(n = 94)

t/χ2 a Pa B-CP Group 
(n = 759)

B-BP Group 
(n = 167)

t/χ2 b Pb

No. of embryos transferred 1.91 ± 0.52 1.89 ± 0.50 -0.249 0.803 1.53 ± 0.50 1.46 ± 0.50 -1.730 0.084
No. of high-quality embryos 
transferred

1.60 ± 0.69 1.53 ± 0.74 -0.854 0.393 1.00 ± 0.68 0.89 ± 0.66 -1.922 0.055

Endometrial thickness (mm) 10.17 ± 1.71 10.04 ± 1.74 -0.683 0.495 10.25 ± 1.68 10.40 ± 1.81 1.048 0.295
Day 12 E2 levels (pg/mL) 212.04 ± 151.27 112.18 ± 43.18 -12.34 <0.001 215.06 ± 96.80 135.87 ± 55.20 -14.317 <0.001
Day 12 β-hCG levels (mIU/mL) 474.73 ± 351.88 69.18 ± 43.41 -24.81 <0.001 832.88 ± 694.36 107.49 ± 88.44 -27.78 <0.001
CE-CP: cleavage embryo-clinical pregnancy; CE-BP: cleavage embryo-biochemical pregnancy; B-CP: blastocyst-clinical pregnancy; B-BP: blastocyst-biochemical 
pregnancy; P a and t/χ2 a value for comparison between CE-CP Group and CE-BP Group; P b and t/χ2 b value for comparison between B-CP Group and B-BP Group

Fig. 2  ROC curves for predicting pregnancy outcomes by serum E2 and β-hCG levels 12 days following FET with NCs. (a) ROC curve analysis of day 12 
serum E2 and β-hCG levels following FET with NCs in Group CE; (b) ROC curve analysis of day 12 serum E2 and β-hCG levels following FET with NCs in 
Group B
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proposed cutoff values for both E2and β-hCG. Moreover, 
a significant correlation between serum E2 and β-hCG 
was found in CE Group and B Group.

Previous research has suggested that E2 levels dur-
ing the luteal phase may serve as a predictive factor for 
ongoing pregnancy post-clinical pregnancy [4, 11, 12]. 
However, conflicting results have been reported [5, 6]. 
Goldman RH et al. [5] found that elevated serum E2 levels 
at the initiation of progesterone treatment may adversely 
affect implantation, pregnancy, and live birth outcomes 
following FET. Excessive serum E2 levels could negatively 
impact the chances of conception and live birth after IVF. 
Huang’s study [13] demonstrated that E2 influence during 
the peri-implantation period (day 11) does not affect clin-
ical outcomes in fresh embryo transplantation. A meta-
analysis by Karatasiou GI et al. [14] revealed insufficient 
evidence to support or refute an association between 
serum E2 levels on the day of triggering final oocyte mat-
uration with hCG and the probability of pregnancy. A 
study using mouse models showed that variations in E2 
levels play an crucial role in determining the window of 
opportunity for embryo attachment to the uterine wall 
and subsequent development [15]. Additionally, another 
study indicated a potential positive correlation between 
higher E2 levels and improved pregnancy outcomes [16]. 
Furthermore, recent research has linked decreased E2 
levels on cycle day 28 (22 days post fresh embryo trans-
fer) to poorer pregnancy outcomes [17]. There are some 
methodological differences as well as variations in patient 
populations between these studies and our research. 
Our focus is specifically on infertile women who under-
went FET with NCs, aiming to evaluate the association 
between E2 level and clinical outcomes.

Current clinical methods for predicting pregnancy 
outcomes often utilize a combination of β-hCG and P 
levels, particularly in women undergoing ART or con-
ceiving naturally [1, 18]. Normally, serum β-hCG and P 
are lower in nonpregnant women, and their levels could 
rise significantly after pregnancy. Previous studies have 
demonstrated that β-hCG levels at 7 or 14 days after 
transplantation can be used as predictors of pregnancy 
outcomes [19, 20]. Additionally, serum β-hCG levels on 
postovulatory day 12 and 14 can also serve as predictors 
of pregnancy outcome following an IVF-ET cycle [21]. 

However, the association between serum E2 and β-hCG 
levels on day 12 following FET with natural cycles has not 
been reported in previous studies. This gap is addressed 
by our research.

In contrast to current clinical methods for predict-
ing pregnancy outcomes, our study distinguishes itself 
in several key ways. Firstly, we specifically focus on FET 
cycles to eliminate the confounding effects of high-dose 
hormones typically associated with fresh embryo transfer 
during ovulation induction cycles. Secondly, we concen-
trate on endometrial preparation for transfer regimens in 
natural cycles, thereby excluding the influence of exoge-
nous hormones on predicted outcomes. Lastly, our study 
focuses on FET with natural cycles and proposed the cut-
off values of E2 (129.25 pg/mL for CE Group and 174.45 
pg/mL for B Group) for predicting clinical pregnancy fol-
lowing FET with NCs, which is a relatively new perspec-
tive on predicting pregnancy outcomes.

Uterine decidualization supports embryo implanta-
tion and placentation, as well as subsequent events that 
maintain a successful pregnancy together [22]. Recent 
research suggests that endometrial receptivity rather 
than embryo quality is a key factor restricting success-
ful pregnancy after FET. HRTs or NCs which were usu-
ally used for the endometrial preparation [23] can be 
observed as an important factor affecting the pregnancy 
rate of FET. In order to eliminate the impact of hormone 
supplementation, our study focuses on infertile women 
who underwent FET with natural cycles and aims to 
evaluate the association between E2 levels and clinical 
outcomes.

To date, limited research has explored the relation-
ship between pregnancy outcomes and E2 levels on day 
12 following FET with NCs. In this retrospective cohort 
study, we examined the correlation between E2 levels 
and clinical outcomes in infertile women undergoing 
FET with NCs. Additionally, we established E2 cutoff 
values that, when combined with β-hCG levels on day 
12 following FET with NCs, can be used to assess both 
positive and negative pregnancy outcomes. Our find-
ings indicate that E2 levels were significantly higher in 
the clinical pregnancy group compared to the biochemi-
cal pregnancy group on day 12 following FET with NCs, 
suggesting a potential correlation between E2 levels and 

Table 3  Predictive accuracy of serum E2 and β-hCG concentrations on day 12 following FET with NCs
Odds ratio (95% CI) p AUC (95%CI) cutoff value Sensitivity Specificity

Prediction of clinical pregnancy of cleavage embryos
Day 12 E2 levels (pg/mL) 0.978 (0.972–0.984) P < 0.001 0.801 (0.756–0.846) 129.25 mIU/ml 74.45% 71.28%
Day 12 β-hCG levels (mIU/mL) 0.979 (0.973–0.984) P < 0.001 0.941 (0.923–0.959) 156.60 mIU/ml 84.20% 95.74%
Prediction of clinical pregnancy of blastocyst embryos
Day 12 E2 levels (pg/mL) 0.986 (0.983–0.989) P < 0.001 0.762 (0.726–0.799) 174.45 mIU/ml 63.77% 77.84%
Day 12 β-hCG levels (mIU/mL) 0.988 (0.986–0.991) P < 0.001 0.924 (0.907–0.941) 217.70 mIU/ml 81.56% 94.01%
CI = confidence interval
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clinical outcomes. Lower E2 levels may potentially affect 
endometrial gland development and maturation, leading 
to a decrease in clinical pregnancy rates. By evaluating 
serum E2 levels alongside β-hCG levels on day 12 post-
FET, healthcare providers can enhance outcome predic-
tions and customize treatment plans for patients. This 
approach may also lead to a reduction in patient visits 
and clinical serum hormone tests, ultimately decreasing 
psychological stress.

Although our study effectively establishes a correla-
tion between E2 levels and clinical pregnancy outcomes 
in infertile women undergoing FET with NCs, there 
are deficiencies in our research. There are limitations 
inherent in its retrospective design which weaken its 
statistical power. Additionally, the specific thresholds 
for elevated E2 levels affecting endometrial receptivity 
remain uncertain.

Conclusion
Our findings suggest that there is a significant difference 
in serum E2 levels between biochemical and clinical preg-
nancies following FET with NCs, and we have proposed 
E2 cutoff values for predicting clinical pregnancy in this 
context. The results of our retrospective cohort study 
indicate that the cutoff value of E2 for predicting clini-
cal pregnancy with acceptable sensitivity and specificity 
is 129.25 pg/mL for CE Group and 174.45 pg/mL for B 
Group.

In conclusion, incorporating both early E2 and β-hCG 
levels on day 12 post-FET may serve as a predictive tool 
for assessing both positive and adverse pregnancy out-
comes in FET with natural cycles. These findings suggest 
that in addition to serum β-hCG concentrations on day 
12, serum E2 levels on the same day can also be indica-
tive of clinical pregnancy following FET with NCs. Fur-
thermore, both serum E2 and β-hCG levels on day 12 are 
equally valuable in predicting clinical pregnancies, show-
ing a significant correlation between them. Therefore, 
integrating day 12 E2 levels into routine follow-up proto-
cols may be beneficial.

Abbreviations
FET	� Frozen-thawed embryo transfer
NCs	� In natural endometrial preparation cycles
CP Group	� Clinical pregnancy group
BP Group	� Biochemical pregnancy group
CE Group	� Cleavage embryo group
B Group	� Blastocyst group
IVF-ET	� In vitro fertilization-embryo transfer
ART	� Assisted reproductive techniques
E2	� Estradiol
β-hCG	� β-human chorionic gonadotropin
P	� Progesterone
HRTs	� Hormonal replacement treatment cycles
ROC	� Receiver operating characteristic
AUC	� Area under the ROC curve
CI	� Confidence interval

Acknowledgements
The authors would like to thank all the person and their families for 
participating and supporting this study.

Author contributions
Xiaomin Zheng and Man Wu together conceived and designed the 
experiments. Man Wu and Xiao Xiao collected the clinical data and performed 
most of the analysis. Chen Wang analyzed part of the data. Xin Jin contributed 
the tools for analysis. Man Wu and Xiaomin Zheng drafted the paper. Fang 
Xiong, Xin Jin and Min Zhao participated in the revision of the paper. All 
authors have read and approved the final manuscript.

Funding statement
The study was funded by Jiangsu Province Innovation and Entrepreneurship 
Program (JSSCRC2021569), Jiangsu Province Medical Distinguished Expert, 
National Natural Science Foundation of China (82271686), Postdoctoral 
Foundation of China (2022M712438), Top Talent Support Program for young 
and middle-aged people of Wuxi Health Committee (BJ2023078, BJ2023074) 
and Wuxi “Taihu Talent Team” project (Y20222023), “Light of Taihu Lake” 
scientific research project (Y20222023) and Lin Ying team projects 
(LY2023003,LY2023002).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Conflict of interest
The authors declare that they have no conflicts of interest in this paper.

Ethical approval
This study was approved by the Ethics Committee of Affiliated Women’s 
Hospital of Jiangnan University (2023-06-1213-65).

Consent to participate
Informed consent was obtained from all individual participants included in 
the study.

Received: 11 March 2024 / Accepted: 7 May 2024

References
1.	 Puget C, Joueidi Y, Bauville E, Laviolle B, Bendavid C, Lavoué V, et al. Serial hCG 

and progesterone levels to predict early pregnancy outcomes in pregnancies 
of uncertain viability: a prospective study. Eur J Obstet Gynecol Reprod Biol. 
2018;220:100–05. https://doi.org/10.1016/j.ejogrb.2017.11.020.

2.	 Xiong F, Li G, Sun Q, Chen P, Wang Z, Wan C, et al. Obstetric and perinatal out-
comes of pregnancies according to initial maternal serum HCG concentra-
tions after vitrified-warmed single blastocyst transfer. Reprod Biomed Online. 
2019;38(3):455–64. https://doi.org/10.1016/j.rbmo.2018.12.040.

3.	 Wei CX, Zhang L, Pang CH, Qi YH, Zhang JW. Effect of the ratios of estradiol 
increase on the outcome of in vitro fertilization-embryo transfer with antago-
nist regimens: a single center retrospective cohort study. BMC Pregnancy 
Childbirth. 2023;23(1):134. https://doi.org/10.1186/s12884-023-05438-3.

4.	 Moraloğlu Ö, Tonguc EA, Özel M, Özakşit G, Var T, Sarikaya E. The effects 
of peak and mid-luteal estradiol levels on in vitro fertilization outcome. 
Arch Gynecol Obstet. 2012;285(3):857–62. https://doi.org/10.1007/
s00404-011-2090-8.

5.	 Goldman RH, Greer A, Racowsky C, Farland LV, Lanes A, Thomas AM, et al. 
Association between serum estradiol level on day of progesterone start 
and outcomes from frozen blastocyst transfer cycles utilizing oral estradiol. 
J Assist Reprod Genet. 2022;39(7):1611–18. https://doi.org/10.1007/
s10815-022-02521-0.

6.	 Friedler S, Zimerman A, Schachter M, Raziel A, Strassburger D, Ron El R. The 
midluteal decline in serum estradiol levels is drastic but not deleterious 
for implantation after in vitro fertilization and embryo transfer in patients 
with normal or high responses. Fertil Steril. 2005;83(1):54–60. https://doi.
org/10.1016/j.fertnstert.2004.08.017.

https://doi.org/10.1016/j.ejogrb.2017.11.020
https://doi.org/10.1016/j.rbmo.2018.12.040
https://doi.org/10.1186/s12884-023-05438-3
https://doi.org/10.1007/s00404-011-2090-8
https://doi.org/10.1007/s00404-011-2090-8
https://doi.org/10.1007/s10815-022-02521-0
https://doi.org/10.1007/s10815-022-02521-0
https://doi.org/10.1016/j.fertnstert.2004.08.017
https://doi.org/10.1016/j.fertnstert.2004.08.017


Page 8 of 8Wu et al. Journal of Ovarian Research          (2024) 17:128 

7.	 Appropriate body-mass index. For Asian populations and its implications for 
policy and intervention strategies. Lancet. 2004;363(9403):157–63. https://
doi.org/10.1016/s0140-6736(03)15268-3.

8.	 Winter E, Wang J, Davies MJ, Norman R. Early pregnancy loss following 
assisted reproductive technology treatment. Hum Reprod. 2002;17(12):3220–
3. https://doi.org/10.1093/humrep/17.12.3220.

9.	 Gao Y, Jiang S, Chen L, Xi Q, Li W, Zhang S, et al. The pregnancy outcomes 
of infertile women with polycystic ovary syndrome undergoing intrauter-
ine insemination with different attempts of previous ovulation induction. 
Front Endocrinol (Lausanne). 2022;13:922605. https://doi.org/10.3389/
fendo.2022.922605.

10.	 Xu H, Feng G, Wei Y, Feng Y, Yang R, Wang L, et al. Predicting ectopic preg-
nancy using human Chorionic Gonadotropin (hCG) levels and main cause of 
infertility in women undergoing assisted Reproductive Treatment: Retrospec-
tive Observational Cohort Study. JMIR Med Inf. 2020;8(4):e17366. https://doi.
org/10.2196/17366.

11.	 Vicdan K, Zeki A, Isik. Luteal phase hormonal profile in prediction of preg-
nancy outcome after assisted reproduction. Eur J Obstet Gynecol Reprod 
Biol. 2001;96(1):98–101. https://doi.org/10.1016/s0301-2115(00)00400-0.

12.	 Sonntag B, Loebbecke KC, Nofer JR, Kiesel L, Greb RR. Serum estradiol and 
progesterone in the mid-luteal phase predict clinical pregnancy outcome in 
IVF/ICSI cycles. Gynecol Endocrinol. 2013;29(7):700–3. https://doi.org/10.3109
/09513590.2013.797392.

13.	 Huang P, Ou Y, Tang N, Chen J, Wen Q, Li J, et al. Peri-implantation estradiol 
level has no effect on pregnancy outcome in vitro fertilization- embryo trans-
fer. Front Endocrinol (Lausanne). 2024;15:1326098. https://doi.org/10.3389/
fendo.2024.1326098.

14.	 Karatasiou GI, Bosdou JK, Venetis CA, Zepiridis L, Chatzimeletiou K, Tarlatzi 
TB, et al. Is the probability of pregnancy after ovarian stimulation for IVF 
associated with serum estradiol levels on the day of triggering final oocyte 
maturation with hCG? A systematic review and meta-analysis. J Assist Reprod 
Genet. 2020;37(7):1531–41. https://doi.org/10.1007/s10815-020-01829-z.

15.	 Ma WG, Song H, Das SK, Paria BC, Dey SK. Estrogen is a critical determinant 
that specifies the duration of the window of uterine receptivity for implanta-
tion. Proc Natl Acad Sci U S A. 2003;100(5):2963–8. https://doi.org/10.1073/
pnas.0530162100.

16.	 Gruber I, Just A, Birner M, Lösch A. Serum estradiol/progesterone ratio on day 
of embryo transfer may predict reproductive outcome following controlled 

ovarian hyperstimulation and in vitro fertilization. J Exp Clin Assist Reprod. 
2007;4:1. https://doi.org/10.1186/1743-1050-4-1.

17.	 Melnick AP, Pereira N, Murphy EM, Rosenwaks Z, Spandorfer SD. How low is 
too low? Cycle day 28 estradiol levels and pregnancy outcomes. Fertil Steril. 
2016;105(4):905–e091. https://doi.org/10.1016/j.fertnstert.2015.11.046.

18.	 Wang Z, Gao Y, Zhang D, Li Y, Luo L, Xu Y. Predictive value of serum β-human 
chorionic gonadotropin for early pregnancy outcomes. Arch Gynecol Obstet. 
2020;301(1):295–302. https://doi.org/10.1007/s00404-019-05388-2.

19.	 Yuan L, Yu L, Sun Z, Song J, Xiao J, Jiang H, et al. Association between 7-day 
serum β-hCG levels after frozen-thawed embryo transfer and pregnancy 
outcomes: a single-centre retrospective study from China. BMJ Open. 
2020;10(10):e035332. https://doi.org/10.1136/bmjopen-2019-035332.

20.	 Zhang Y, Li Z, Ren B, Wu W, Liu Y, Wang X, et al. Diagnostic value of a single 
β-hCG test in predicting reproductive outcomes in women undergoing 
cleavage embryo transfer: a retrospective analysis from a single center. 
Reprod Health. 2022;19(1):145. https://doi.org/10.1186/s12978-022-01455-1.

21.	 Sung N, Kwak-Kim J, Koo HS, Yang KM. Serum hCG-β levels of postovula-
tory day 12 and 14 with the sequential application of hCG-β fold change 
significantly increased predictability of pregnancy outcome after IVF-ET 
cycle. J Assist Reprod Genet. 2016;33(9):1185–94. https://doi.org/10.1007/
s10815-016-0744-y.

22.	 Kommagani R, Szwarc MM, Vasquez YM, Peavey MC, Mazur EC, Gibbons 
WE, et al. The promyelocytic leukemia zinc finger transcription factor is 
critical for human endometrial stromal cell decidualization. PLoS Genet. 
2016;12(4):e1005937. https://doi.org/10.1371/journal.pgen.1005937.

23.	 Gao S, Yang X, Xiao X, Yin S, Guan Y, Chen J, et al. Outcomes and affecting 
factors for ICSI and microTESE treatments in nonobstructive azoospermia 
patients with different etiologies: a retrospective analysis. Front Endocrinol 
(Lausanne). 2022;13:1006208. https://doi.org/10.3389/fendo.2022.1006208.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/s0140-6736(03)15268-3
https://doi.org/10.1016/s0140-6736(03)15268-3
https://doi.org/10.1093/humrep/17.12.3220
https://doi.org/10.3389/fendo.2022.922605
https://doi.org/10.3389/fendo.2022.922605
https://doi.org/10.2196/17366
https://doi.org/10.2196/17366
https://doi.org/10.1016/s0301-2115(00)00400-0
https://doi.org/10.3109/09513590.2013.797392
https://doi.org/10.3109/09513590.2013.797392
https://doi.org/10.3389/fendo.2024.1326098
https://doi.org/10.3389/fendo.2024.1326098
https://doi.org/10.1007/s10815-020-01829-z
https://doi.org/10.1073/pnas.0530162100
https://doi.org/10.1073/pnas.0530162100
https://doi.org/10.1186/1743-1050-4-1
https://doi.org/10.1016/j.fertnstert.2015.11.046
https://doi.org/10.1007/s00404-019-05388-2
https://doi.org/10.1136/bmjopen-2019-035332
https://doi.org/10.1186/s12978-022-01455-1
https://doi.org/10.1007/s10815-016-0744-y
https://doi.org/10.1007/s10815-016-0744-y
https://doi.org/10.1371/journal.pgen.1005937
https://doi.org/10.3389/fendo.2022.1006208

	﻿Combined analysis of estradiol and β-hCG to predict the early pregnancy outcome of FET: a retrospective study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Cohort selection
	﻿Treatment protocols and endometrial preparation
	﻿Morphological assessment of cleavage embryos and blastocysts
	﻿Hormone assay
	﻿Outcomes
	﻿Statistical analysis

	﻿Results
	﻿General characteristics of the included patients
	﻿Serum E﻿2﻿ and β-hCG were significantly higher in clinical pregnancy
	﻿﻿AUC analysis hormone profile of serum E﻿﻿﻿2﻿﻿﻿and β-hCG levels in predicting clinical pregnancy following FET with NCs﻿
	﻿Significant relations between day 12 E﻿2﻿ and β-hCG concentrations
	﻿Association between variables and clinical outcome by logistic analyses

	﻿Discussion
	﻿Conclusion
	﻿References


