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Abstract 

Background Study objectives included the development of a practical nomogram for predicting live birth follow-
ing frozen-thawed embryo transfers in ovulatory women.

Methods Totally, 2884 patients with regular menstrual cycles in our center were retrospectively enrolled. 
In an 8:2 ratio, we randomly assigned patients to training and validation cohorts. Then we identified risk factors 
by multivariate logistic regression and constructed nomogram. Finally, receiver operating characteristic curve analysis, 
calibration curve and decision curve analysis were performed to assess the calibration and discriminative ability 
of the nomogram.

Results We identified five variables which were related to live birth, including age, anti-Müllerian hormone (AMH), 
protocol of frozen-thawed embryo transfer (FET), stage of embryos and amount of high-quality embryos. We then 
constructed nomograms that predict the probabilities of live birth by using those five parameters. Receiver operat-
ing characteristic curve analysis (ROC) showed that the area under the curve (AUC) for live birth was 0.666 (95% CI: 
0.644–0.688) in the training cohort. The AUC in the subsequent validation cohorts was 0.669 (95% CI, 0.625–0.713). 
The clinical practicability of this nomogram was demonstrated through calibration curve analysis and decision curve 
analysis.

Conclusions Our nomogram provides a visual and simple tool in predicting live birth in ovulatory women who 
received FET. It could also provide advice and guidance for physicians and patients on decision-making dur-
ing the FET procedure.
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Background
Infertility is a serious human reproductive health issue, 
which affects about fifteen percent of married couples 
[1]. Nowadays, In vitro fertilization and embryo transfer 
(IVF-ET) is applied more and more widely worldwide. In 
some circumstances, when the patients have a tendency 
to suffer ovarian hyperstimulation syndrome or their 
endometrium is too thin in fresh IVF cycle, or they have a 
plan to conduct preimplantation genetic testing, frozen-
thawed embryo transfer (FET) become an effective alter-
native. The proportion of FET is increasing gradually and 
now accounts for about 30–40% of all the transfer cycles. 
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Therefore, more and more patients are receiving FET 
treatment.

Although the live birth rate (LBR) of FET improved 
recently in the world, the average success rate remains 
low. It is hard to predict clinical pregnancy rate and live 
birth rate objectively because of the heterogeneity in eti-
ology and treatment protocols et cl. How to identify the 
risk factors and predict live birth after embryo transfer 
has received widespread attention both from the infertil-
ity population and clinical researchers.

As we all knows, pathophysiology and pregnancy out-
comes between ovulatory infertility and anovulatory 
infertility are different to some extent. For example, the 
live-birth rate of FET is higher than that of fresh-embryo 
transfer in anovulatory patients who suffered polycys-
tic ovary syndrome (PCOS) [2]. Frozen single blastocyst 
transfer resulted in a higher singleton livebirth rate than 
did fresh single blastocyst transfer in ovulatory women 
[3]. However, there is no difference in ovulatory women 
between FET and fresh-embryo transfer of cleavage-
stage embryos [4]. Recently, there are studies trying to 
figure out risk factors and construct predictive models 
in specific infertility population [5]. For example, obesity 
and metabolism factors were used to develop model to 
predict the pregnancy outcomes in PCOS patients who 
received IVF/ICSI or FET [6, 7]. In ovulatory women, 
there are some studies trying to figure out the best FET 
protocols [8, 9]. However, until now, studies trying to 
predict clinical pregnancy outcome in ovulatory women 
remain limited.

Many mathematical models such as the nomogram have 
been used in the field of assisted reproduction technology 
[10–12]. Nomogram converts complex regression analyses 
into visual figures, making predictive models more reada-
ble and convenient. The purpose of this study was to iden-
tify  factors  that  affect  ovulatory  women’s live birth rate. 
By logistic regression and nomogram, we tried to create a 
convenient tool for predicting the live birth in ovulatory 
women undergoing FET.

Methods
Study design and population
We enrolled patients younger than 42 years old with reg-
ular length of menstrual cycles between 24 and 38 days. 
They received their first or second FET cycles from June 
2015 to December 2021 in the reproductive center of 
Qilu hospital, Shandong University. Exclusion criteria 
include recurrent spontaneous abortion (defined as three 
or more spontaneous abortions prior to 20–28  weeks 
gestation), abnormal anatomy of uterine, intrauterine 
adhesions, endometriosis, polycystic ovary syndrome, 
endocrine disorders and chromosomal diseases (exclude 
chromosome polymorphism). A total of 2884 patients 

were enrolled and assigned randomly into training 
(n = 2307) and validation cohort (n = 577). The former 
was used for the construction of the model and the latter 
was used for internal validation. Indicators for IVF/ICSI 
treatments were tubal factor (64.9%), male factor (12.7%), 
unexplained (4.5%), mixed factor (13.6%) and dimin-
ished ovarian reserve [13] (4.3%).

Ethics Committee approval for this study has been 
granted by Qilu Hospital, Shandong University (regis-
tration number: KYLL-202306–019). As  a retrospec-
tive study, we were exempt from informed consent. Our 
protocol of research was performed according to the 
Declarations of Helsinki.

Data collection
We collected clinical data including male and female age, 
duration and type of infertile history, gravidity and labor 
history, body mass index (BMI), reproductive endocrine 
hormones and anti-Müllerian hormone (AMH). The 
protocols of FET, detailed information of embryos trans-
ferred and endometrial thickness on transplant day were 
recorded. The outcome was live birth. We defined live 
birth as live newborn ≥ 28th week of pregnancy.

Embryo score
Morphological score of embryos was assessed before 
embryo transfer. The qualities of the Cleavage-stage 
embryo were evaluated into four grades according to 
their speed of development, degree of fragmentation 
and evenness of cleavage sphere. We scored blastocysts 
according to Gardner morphological criteria [14].

Protocol of FET
Natural cycle (NC) or artificial cycle (AC) were selected 
based upon patients’ individual prefer and the experi-
ence of physicians in charge. For NC, clinicians examined 
the follicle size and endometrial thickness in order to get 
the ovulation day by transvaginal ultrasound examina-
tion. HCG or GnRH-a was administrated for ovulation 
induction in some patients. FET was scheduled based 
on ovulation day. For AC, estrogens are administered 
for approximately 14 days from cycle day 3. Endometrial 
thickness and the serum estrogen level are monitored 
from cycle day 13. Patients were given progesterone 
when their endometrial thickness were at least 7 mm and 
the serum estrogen level of over 100 pg/ml. Thawing and 
transferring of embryo was scheduled based on the sup-
plementation of progesterone. On the day of ovulation, 
intramuscular injection of progesterone 40–80  mg/d or 
oral dydrogesterone 20-40  mg/d was administered for 
luteal support of NC. Intramuscular injection of pro-
gesterone 40–100  mg/d, or progesterone vaginal sus-
tained-release gel 90  mg/d or micronized progesterone 
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300–800  mg/d was administered for luteal support of 
AC. The luteal support was maintained until intrauterine 
pregnancy is seen on ultrasound, and then the dose was 
reduced until 8 ~ 10 weeks.

Data analysis
We performed statistical analyses with statisti-
cal packages R and SPSS 26.0. For continuous vari-
ables, mean ± SD (for normally distributed variables) or 
median and IQR (for skewed distributed variables) was 
used and normality test was detected by the Kolmogo-
rov–Smirnov test. Student t test or Mann–Whitney U 
tests were applied to compare continuous variables. Fre-
quencies (percentages) were presented and Chi-square 
test was applied to compare categorical variables. An 
analysis of the relationship between variables and live 
birth was conducted by using logistic regression. We 
first selected variables (P < 0.1) in univariate analyses 
to avoid missing important risk factors [15, 16]. Then 
we screened out final variables by multivariable logistic 
regression analysis (MLR) (p < 0.05) and enrolled them 
into the nomogram model. Variance inflation factor was 
used to detect the multicollinearity with the criterion of 
less than 10.

Nomogram was constructed by the data in training 
cohort to predict the probability of live birth in ovula-
tory women receiving  FET. The variables enrolled in 
nomogram are female age, AMH, number of high-quality 
embryos, FET protocol and stage of embryos. Each vari-
able was mapped on its scale to get a score, then the total 
score of all the covariates was calculated and the prob-
ability of live birth was finally obtained. The area under 
the receiver operating characteristic (ROC) curve (AUC) 
was used to detect the discriminatory ability. Calibration 
curve was conducted with a bootstrapping technique 
(1,000 repetitions) to detect the calibration. Decision 
curve analyses (DCA) was applied to calculate the net 
benefit of making a decision [17].

Results
Baseline characteristics
Patient characteristics and parameters related to FET 
cycle were shown in Table 1. Clinical pregnancy rate was 
55.61% and 57.71%, separately. Live birth rate was 45.60% 
and 48.01%, separately. The characteristics observed 
between the two cohorts were not significant.

As shown in Table 2, the characteristics of women with 
and without live birth in the training cohort were dis-
played. Women with live birth had younger age, lower 
BMI and baseline FSH, higher AMH, thicker endome-
trium on the day of ET. They transferred more high-
quality embryos and higher percentage of blastocyst. The 
FET protocol is also different. The percentage of patients 

with live birth and their physician who chose natural 
cycle is 72.24%, while the percentage of patients without 
live birth and their physician who chose natural cycle is 
68.13%.

ROC analyses were conducted to analyze the proper 
cutoff values of variables. The cutoff point of the female 
age related to live birth was 32.5 and the optimal cutoff 
point of AMH was 2.265 (Supplementary Table  1). For 
the cutoff point of the female age, the sensitivity and 
specificity for live birth is 0.525 and 0.641. For the cutoff 
point of AMH, the sensitivity and specificity for live birth 
is 0.717 and 0.440.

Logistic analysis of the risk factors of live birth
The univariable and multivariable logistic analyses in 
the training cohort revealed that female age, AMH, 
protocol of FET, stage of embryos and number of high-
quality embryos were significantly correlated with live 
birth. The MLR showed that the live birth was associated 
with age > 32 (OR: 0.629; 95% CI:0.511–0.773, P = 0.000), 
AMH > 2.26 (OR: 1.406; 95% CI: 1.143–1.730, P = 0.001), 
number of high-quality embryos (OR:1.896; 95% CI: 
1.602–2.243, P = 0.000), artificial FET cycle (OR: 0.734; 
95% CI:0.600–0.897, P = 0.003) and blastocyst embryos 
transferred (OR, 3.829; 95% CI, 2.850–5.145, P = 0.000) 
(Table 3).

Construction of nomogram to predict live birth
Based on the logistic regression analyses in the train-
ing cohort, five factors including age, AMH, cleavage 
embryo/blastocyst, number of high-quality embryos and 
protocol of FET were selected. we incorporated these 
factors into nomogram which could predict live birth 
(Fig. 1A).

Validation of the nomogram
ROC curves were shown. In the training dataset, AUC 
for live birth (Fig. 1B) was 0.666. In the validation data-
set, the AUC was 0.669 (Fig.  1C). The sensitivity of the 
training cohort was 73.5% and specificity was 50.1%. The 
sensitivity of the validation cohort was 56.3% and speci-
ficity was 68.3%.The calibration curves for live birth were 
shown in Fig.  1D and E. Decision curve analyses were 
used to calculate the net benefit which were shown in 
Fig. 2. The black line means the net benefit of no patients 
got live birth. The gray one means the net benefit of all 
patients got live birth. The closer the curve to these two 
reference lines, the less valuable the model is. Our curve 
is above the reference line in a relative wide threshold 
interval.



Page 4 of 9Wang et al. BMC Pregnancy and Childbirth          (2024) 24:559 

Discussion
Live birth is the most important issue concerned by 
patients who received FET and their physician. Based 
on 2884 patients with regular menstrual cycles, we con-
structed an easy-used nomogram to predict the live birth 
probability in this study. The indicators enrolled in the 
nomogram include female age, AMH, embryo transfer 
protocols, cleavage embryos/blastocysts and number of 
high-quality embryos. Moreover, we evaluated our nom-
ogram by calibration curve, discrimination curve and 
decision curve analysis. Our model showed moderate 
discriminatory ability and well-calibrated ability overall. 
Decision curve analyses showed that our model could get 
net benefit in a relative wide threshold interval.

In recent years, there are many predictive mod-
els to predict the outcome of infertility population or 
those who received assisted reproductive technology. 
For example, Scientists constructed different predic-
tive models to calculate cumulative live birth rate in 
patients who accepted fresh IVF treatment [18, 19]. 

However, only a few predictive models were con-
structed to predict pregnancy outcomes in patients 
who received FET treatment. Yu et  al. tried to estab-
lish a predictive nomogram for early clinical pregnancy 
but not live birth in FET cycles [20]. In another study, 
a data-driven predictive model using machine learning 
was constructed to calculate LBR in FET, with a satis-
factory performance [21]. However, the infertile popu-
lation is highly heterogeneous. The pathophysiology, 
treatment protocol and clinical outcome of ovulatory 
people and anovulatory people is different. It is neces-
sary to construct predictive model for ovulatory peo-
ple who received FET. Our model aims to do this and 
it helps those patients to have a reasonable expectation 
of their LBR. It also helps clinicians to choose proper 
transfer protocol and embryos.

As we all know, female fecundity declines with age 
[22]. Advanced maternal age reduces ovarian reserve, 
decreases oocyte/embryo competence and negatively 
associates with pregnancy outcomes [23]. No remedies 

Table 1 Characteristics of the training and validation cohorts (N = 2884)

Data are shown as means ± SD, or no. (%)

BMI Body mass index, FSH Follicular stimulating hormone, E2 Estradiol, P Progesterone, LH Luteinizing hormone, T Testosterone, AMH AntiMullerian hormone, FET 
freeze-thawed embryo transfer

Characteristic Training cohort Validation cohort P-value
(n = 2307) (n = 577)

Female age (years) 32.52 ± 5.22 32.53 ± 5.10 0.982

Duration of infertility (years) 3.31 ± 2.55 3.38 ± 2.65 0.684

Gravidity 1.38 ± 1.44 1.34 ± 1.38 0.754

Times of spontaneous abortion 0.16 ± 0.42 0.13 ± 0.37 0.203

Type of infertility, n(%) 0.979

 Primary infertility 833 (36.11%) 208 (36.05%)

 Secondary infertility 1474 (63.89%) 369 (63.95%)

BMI (kg/m2) 22.91 ± 3.10 22.85 ± 3.03 0.714

Baseline FSH (IU/L) 7.12 ± 2.78 7.04 ± 2.14 0.627

Baseline E2(pg/mL) 40.09 ± 17.71 39.08 ± 17.10 0.349

Baseline P(ng/mL) 0.49 ± 1.10 0.50 ± 0.95 0.442

Baseline LH (IU/L) 5.51 ± 3.72 5.70 ± 3.62 0.054

Baseline T(ng/mL) 0.39 ± 1.81 0.51 ± 2.20 0.488

AMH (ng/ml) 3.75 ± 2.89 3.72 ± 2.77 0.949

Endometrial thickness(mm) 9.98 ± 1.97 9.95 ± 1.94 0.741

No. of embryos transferred 1.38 ± 0.49 1.37 ± 0.48 0.768

No. of high-quality embryos 0.72 ± 0.67 0.72 ± 0.68 0.862

FET protocols, n(%) 0.740

 Artifcial cycle 692 (30.00%) 169 (29.29%)

 Natural cycle 1615 (70.00%) 408 (70.71%)

Type of embryos transferred, n(%) 0.614

 Cleavage embryo 498 (21.59%) 119 (20.62%)

 Blastocyst 1809 (78.41%) 458 (79.38%)

 Clinical pregnancy,n(%) 1283 (55.61%) 333 (57.71%) 0.364

 Live birth,n(%) 1052 (45.60%) 277 (48.01%) 0.300
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could effectively antagonize the aging-related fertility 
decline [24]. It was reported that age is the only vari-
able predicting live birth in patients undergoing IVF 
treatment [25]. Our result was in accordance with those 
previously published researches. In this study, we cal-
culated the ideal cutoff values of age for live birth and 
found that the cut-off value was 32.5 years old.

AMH is a proper metric for ovarian reserve func-
tion or ovarian response. Research suggests that AMH 
could predict live birth independently of age in ART 
cycles, although the predictive ability is poor [26]. 
AMH was also proven to be related to implantation 
and clinical pregnancy [27]. We incorporated AMH in 
our model according to results of MLR. In our study, 
the OR for AMH as an indicator of live birth was 1.406 
and the optimal cutoff value for AMH was 2.26 ng/ml. 
This shows a high degree of consistency with previous 
study. In another study predicting early pregnancy rate 
in FET, the cutoff value of AMH was 2.23 ng/ml [20].

The studies about the relationship between basal 
FSH and pregnancy outcome was inconsistent in pre-
vious studies. It was reported that basal FSH was inde-
pendent predictive factor of live birth in poor ovarian 
response patients [28] and women elder than forty years 
[29].  However, in donor/recipient pairs undergoing 
oocyte donation IVF, donor basal FSH was not associated 
with pregnancy outcomes [30]. In our study, after adjust-
ing the confounding factors, multivariable logistic analy-
sis revealed that basal FSH level was not related with live 
birth. This difference may be due to the different popula-
tions enrolled in different studies.

Artificial cycle (AC) and natural cycle (NC) are the 
main endometrial preparation regimen in FET. How-
ever, no consensus was reached as which protocol is 
optimal. Although previous researches were controver-
sial, it seemed that NC was better in ovulatory women. 
For example, a study found that modified NC was linked 
to a higher LBR in patients with regular menstrua-
tion than AC [31]. A similar study found that AC was 
linked to higher ectopic pregnancy rate and lower LBR 
in ovulatory women [32]. A recent study found that AC 
was related with higher risk of large for gestational age, 
hypertensive disorders and higher birthweight in 3,639 
patients who got live-born singletons after FET [33]. In 
our study, we found NC regimen had a higher probability 
of live birth in ovulatory women.

In our nomogram, cleavage embryo/blastocysts and 
number of high-quality embryos are two dominant fac-
tors. The OR of “stage of embryo” and “number of high-
quality embryos” is 3.829 and 1.896, separately. These 
two indicators were also the common indicators in 
other models. For example, Zhang. et  al. incorporated 
the “stage and number of transferred embryos” into the 
nomogram predicting the early pregnancy in women 
who received FET [20]. Zhou et al. found that “number of 
high-quality embryos” are related to live birth in artificial 
FET [34].

As we all know, the factors influencing live birth are 
complex. The discriminatory ability and calibration abil-
ity of the models predicting live birth in patients receiv-
ing IVF treatment are usually not so high. For example, 
Dhillon et al. constructed a predictive model of live birth 
probabilities with AUC of 0.62 in the validation cohort 
[35]. Qui et al. constructed a personalized prediction of 
live birth prior to the first IVF cycle with AUC of 0.73 
by using complex machine learning method [36]. In 
our study, we analyzed risk factors of live birth in ovu-
latory women with regular menstruation in our center. 
To our knowledge, it is the first predictive model of live 
birth for ovulatory women receiving FET. Secondly, our 
nomogram is a visual and simple model. The indicators 
we incorporated in our model are all easily got clinical 

Table 2 Baseline characteristics among women with or without 
live birth in the training cohort (N = 2307)

Data are shown as means ± SD, or no. (%)

BMI Body mass index, FSH follicular stimulating hormone, E2 estradiol, P 
Progesterone, LH Luteinizing hormone, T Testosterone, AMH AntiMullerian 
hormone, FET freeze-thawed embryo transfer

Characteristic Non-livebirth Livebirth P-value
(n = 1255) (n = 1052)

Female age (years) 33.42 ± 5.68 31.45 ± 4.38 0.000

Duration of infertility (years) 3.39 ± 2.68 3.21 ± 2.38 0.357

Gravidity 1.48 ± 1.50 1.25 ± 1.36 0.000

Times of spontaneous abortion 0.18 ± 0.45 0.14 ± 0.37 0.046

Type of infertility, n(%) 0.018

 Primary infertility 426 (33.94%) 407 (38.69%)

 Secondary infertility 829 (66.06%) 645 (61.31%)

BMI (kg/m2) 23.05 ± 3.13 22.74 ± 3.05 0.019

Baseline FSH (IU/L) 7.31 ± 2.75 6.88 ± 2.80 0.000

Baseline E2(pg/mL) 40.53 ± 17.82 39.58 ± 17.57 0.119

Baseline P(ng/mL) 0.49 ± 0.99 0.50 ± 1.22 0.832

Baseline LH (IU/L) 5.47 ± 3.62 5.56 ± 3.85 0.742

Baseline T(ng/mL) 0.37 ± 1.51 0.43 ± 2.11 0.152

AMH (ng/ml) 3.45 ± 2.86 4.10 ± 2.88 0.000

Endometrial thickness(mm) 9.89 ± 1.94 10.08 ± 1.99 0.025

No. of embryos transferred 1.38 ± 0.48 1.39 ± 0.49 0.656

No. of high-quality embryos 0.69 ± 0.70 0.76 ± 0.62 0.001

FET protocols, n(%) 0.032

 Artifcial cycle 400 (31.87%) 292 (27.76%)

 Natural cycle 855 (68.13%) 760 (72.24%)

Type of embryos transferred, 
n(%)

0.000

 Cleavage embryo 345 (27.49%) 153 (14.54%)

 Blastocyst 910 (72.51%) 899 (85.46%)
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measurements, which made our model be more applica-
ble than other complicated models.

However, there are also some disadvantages in our 
study. Firstly, our study did not analyze the female age at 
oocyte  retrieval, which may neglect the potential rela-
tionship between female age at oocyte retrieval and 

live birth. Secondly, it is single-center research, and we 
still need outer validation from other center’s datasets. 
Thirdly, it is retrospective research, in which bias is una-
voidable to some extent. Prospective study is needed to 
validate the sensitivity and specificity of our nomogram. 
Finally, our predictive model has a limited accuracy partly 

Table 3 The univariate and multivariate logistic regression analysis for factors associated with live birth in the training cohort 
(N = 2307)

Data are as odds ratio (95% CI), P value

Data are shown as means ± SD, or no. (%)

BMI Body mass index, FSH follicular stimulating hormone, E2 Estradiol, P Progesterone, LH Luteinizing hormone, T Testosterone, AMH Anti-Mullerian hormone, FET 
Freeze-thawed embryo transfer

Characteristic Univariable Multivariable

OR (95% CI) P value OR (95% CI) P value

Female age (years)

 ≤ 32 1.000 - 1.000 -

 > 32 0.507(0.429,0.600) 0.000 0.629(0.511,0.773) 0.000

Duration of infertility (years) 0.972 (0.941, 1.004) 0.086 0.995 (0.960, 1.032) 0.790

Gravidity 0.889 (0.839, 0.942) 0.000 0.917(0.833,1.008) 0.073

Times of spontaneous abortion 0.780 (0.637, 0.955) 0.016 0.969(0.765,1.227) 0.792

Type of infertility, n(%)

 Primary infertility 1.000 - 1.000 -

 Secondary infertility 0.814(0.687,0.966) 0.018 1.157 (0.892, 1.500) 0.272

BMI (kg/m2) 0.968(0.943,0.994) 0.018 0.991 (0.963, 1.021) 0.563

Baseline FSH (IU/L) 0.942(0.910,0.974) 0.000 1.009(0.974,1.045) 0.610

Baseline E2(pg/mL) 0.997(0.992, 1.002) 0.215 - -

Baseline P(ng/mL) 1.013 (0.937, 1.094) 0.752 - -

Baseline LH (IU/L) 1.007(0.984,1.030) 0.561 - -

Baseline T(ng/mL) 1.020(0.969,1.073) 0.452 - -

AMH (ng/ml)

 ≤ 2.26 1.000 - 1.000 -

 > 2.26 1.987(1.669,2.365) 0.000 1.406(1.143,1.730) 0.001

Endometrial thickness(mm) 1.053(1.010,1.098) 0.016 1.025(0.979,1.074) 0.297

No. of embryos transferred 1.039(0.878,1.230) 0.656 - -

No. of high-quality embryos 1.175(1.039,1.329) 0.010 1.896(1.602,2.243) 0.000

FET protocols, n(%)

 Natural cycle 1.000 - 1.000 -

 Artifcial cycle 0.821(0.686,0.983) 0.032 0.734(0.600,0.897) 0.003

Type of embryos transferred, n(%)

 Cleavage embryo 1.000 - 1.000 -

 Blastocyst 2.228(1.803,2.752) 0.000 3.829(2.850,5.145) 0.000

Fig. 1 Nomogram to predict the probability of live birth for ovulatory women undergoing FET. A To calculate a patient’s live birth rate, first label 
her value on each variable axis and get the corresponding points through the top Points scale. Then, add the points of each variable value together 
and label it on the Total Points scale. Finally, obtain the personalized probability of live birth by the bottom axis. B The ROC curves of the nomogram 
for probability of live birth in the training cohort. C The ROC curves of the nomogram for probability of live birth in the validation cohort. 
D Calibration curve of the nomogram in the training cohort. E Calibration curve of the nomogram in the validation cohort. After 1000 repetitions 
of bootstrap, the calibration curves showed a good correlation between the predicted probability and actual probability. ROC: receiver operating 
characteristics curves

(See figure on next page.)
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Fig. 1 (See legend on previous page.)
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because the indicators we enrolled in the nomogram are 
all the simple and easy-got clinical data. The heteroge-
neity of the infertile population also makes it difficult 
to obtain an accurate predictive model. Further studies 
focusing on those limitations need to be conducted.

Conclusions
To sum up, we constructed a practical predictive nomo-
gram for live birth in ovulatory women undergoing FET. 
We used five variables including age, AMH, protocol 
of FET, types of embryos and number of high-quality 
embryos, which were screened out by logistic regression 
analyses. Our model provided a reference for patients 
with regular ovulation and help them establish a reason-
able expectation of their live birth. It aims to help the 
couples minimize their anxiety and confusion, which 
will further enhance their confidence in the long course 
of ART treatment. However, our data were from a single 
reproductive center and the accuracy of our predictive 
model is limited, outer validation and further exploration 
to improve the performance of our model are needed in 
the future.
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