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Development and validation of a nomogram for
predicting the risk of threatened abortion after
in vitro fertilization-embryo transfer
Jia Yu', Xudong Zhang?, Lihua Xia’
ABSTRACT

Objective: This study aimed to develop and validate a nomogram for predicting the risk of threatened abortion after
in vitro fertilization-embryo transfer (IVF-ET).

Methodology: Clinical records of 409 patients who underwent IVF-ET treatment due to tubal factors in Huzhou
Maternity & Child Health Care Hospital from January 2017 to May 2025 were retrospectively selected. Patients were
randomly assigned to the training (n=286) and validation (n=123) cohorts in a 7:3 ratio. The Least Absolute Shrinkage
and Selection Operator (LASSO) method and multivariate logistic regression were applied to identify independent
risk factors, which were then used to construct a nomogram for predicting the risk of threatened abortion. The
nomogram was validated using the area under the receiver operating characteristic (ROC) curve (AUC) and decision
curve analysis (DCA) to assess its clinical application value.

Results: Female age, endometrial thickness, number of embryos transferred, and progesterone (P) level 14 days
after IVF-ET were identified as risk factors for threatened abortion (P<0.05). Based on the four independent factors,
a nomogram was developed. The nomogram demonstrated sufficient predictive accuracy, with AUC values of 0.822
(95% confidence interval (Cl): 0.737-0.907) and 0.822 (95% Cl: 0.724-0.919) in the training and validation cohorts,
respectively. The validation results showed that the consistency index (C-index) for the training and validation
cohorts was 0.802 (95% Cl: 0.715-0.889) and 0.807 (95% Cl: 0.719-0.895), respectively. The calibration curves for
the two cohorts are closer to the diagonal (the ideal curve).

Conclusions: The established nomogram for threatened abortion after IVF-ET has good predictive value and helps
identify high-risk populations.
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INTRODUCTION
1. JiaYu In recent years, the incidence of infertility worldwide
g' )E;C:J(;niizha"g has been on the rise due to various factors."? In vitro
1-3: Department of Reproductive and Fetal Care Ward, fertilization and embryc.) transfer (IVF—ET) te.Chnollo.gy
Huzhou Maternity & Child Health Care Hospital, has become one of the primary means to solve infertility
Huzhou, Zhejiang Province 313000, P.R. China. problems.” However, although the pregnancy rate
after IVF-ET can reach up to 60%, some patients still
Correspondence: . . . .
experience threatened abortion, which seriously affects
Xudong Zhang, pregnancy outcomes.’>* According to epidemiological
Department of Reproductive and Fetal Care Ward, investigations, the incidence of threatened abortion
Huzhou Maternity & Child Health Care Hospital, after IVF-ET is about 15% -30%, significantly higher
2 East Street, Huzhou, than the incidence of threatened abortion in natural
Zhej-iang Province 313000, P.R. China. pregnancy (about 10% -15%).5¢
Email: cptbtptp871011@126.com The risk factors of threatened abortion after IVE-
*  pre-submission Review: September 06, 2025 ET include advanced age, insufficient endometrial
*  Received for Publication: September 18, 2025 thickness, abnormal morphology, intrauterine
*  Revision Received: December 20, 2025 adhesions, luteal insufficiency, thyroid dysfunction,
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and polycystic ovary syndrome. In addition,
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unhealthy lifestyle habits, pre-thrombotic state, and
multiple transplant history have also been confirmed
to be closely related to threatened abortion after IVE-
ET."12 However, there is still no validated method
to incorporate these risk factors into a nomogram
predictive model that may allow clinicians to timely
assess the risk of spontaneous abortion.”® This study
aimed to construct and validate a nomogram prediction
model to guide the management of subsequent
pregnancies.

METHODOLOGY

This study retrospectively analyzed patients who
underwent IVF-ET treatment for tubal factors at
Huzhou Maternity & Child Health Care Hospital
from January 2017 to May 2025. The clinical data
of all 409 eligible patients were extracted from the
hospital’s electronic medical record (EMR) system in
a single batch in June 2025 using standardized query
procedures to ensure consistency. All patients who
met the inclusion and exclusion criteria were enrolled
consecutively to minimize selection bias. Threatened
abortion in this study was defined as occurring strictly
within the first trimester, described as a gestational
age of 12 weeks or less, in accordance with established
clinical guidelines. Patients were randomly allocated
to the training and validation cohorts in a 7:3 ratio
using a computer-generated randomization process
implemented in R software (version 4.2.2), with a fixed
random seed to ensure reproducibility.

Ethical Approval: The hospital’s ethics committee

approved the study under number 2025-J-059,

Date: August 17%, 2025. All patients included in this

retrospective study had provided written informed

consent at the time of IVF-ET treatment for the use
of their clinical data in research. In addition, all data
extracted from the hospital’s electronic medical records
were fully anonymized prior to analysis to ensure
patient privacy and compliance with ethical standards.

Inclusion criteria:

* Underwent IVF-ET treatment.

e Confirmed clinical intrauterine pregnancy, defined
as the presence of a gestational sac on ultrasound
examination.

* Diagnosed with early threatened abortion within
the first trimester (gestational age <12 weeks),
presenting with symptoms such as vaginal
bleeding and/or lower abdominal pain, with or
without accompanying ultrasound findings.

* Complete medical records.

Exclusion criteria:

* Ectopic pregnancy.

* Definitive spontaneous abortion or induced
abortion occurring before clinical data collection
and endpoint definition.

e Uterine malformation, uterine mucosal fibroids,
and cervical adhesions.

Pak J Med Sci

February 2026 Vol.42 No. 2

* Chromosomal abnormalities and genetic diseases.
* Significant endocrine disorders, hypertension,

diabetes mellitus, anemia, or active
infections, including Toxoplasma gondii and
cytomegalovirus.

Data collection and variable definition: Clinical data
of all pregnant women, including age, body mass
index (BMI), parity, history of ectopic pregnancy,
anti-Mullerian hormone (AMH) level, number of
transplants, total number of transplantable embryos,
number of transplanted embryos, endometrial
thickness, estradiol (E2) and progesterone (P) level
two days after oocyte retrieval, beta human chorionic
gonadotropin (beta-hCG), E2 and P level 14 days after
transplantation were collected.

The number of transplants in this study referred

to the cumulative number of embryo transfer
procedures performed on a patient during the study
period, including both fresh embryo transfer and
frozen-thawed embryo transfer cycles. A value of
two or more indicated that the patient underwent
multiple IVF-ET cycles. The number of transplantable
embryos refers to embryos created in vitro following
fertilization and assessed to be of transferable quality.
The number of embryos transferred refers to the actual
number of embryos placed into the uterine cavity in
a single embryo transfer procedure. In this study, this
variable was categorized into one versus two embryos
transferred.
Statistical analysis: All patients were randomly
assigned to the training and validation cohorts in a 7:3
ratio. Statistical analyses were performed using SPSS
version 27.0 (IBM Corp, NY, USA). The Shapiro-Wilk
test was used to evaluate the normality of the evaluation
data. Normal distribution data were represented
by mean * standard deviation and subjected to an
independent sample t-test. Non-normally distributed
data were described by median and interquartile
range, and subjected to the Mann-Whitney U test.
A chi-square test was performed on count data. The
primary endpoint of this study was the diagnosis of
threatened abortion.

Variable selection was performed using the Least
Absolute Shrinkage and Selection Operator (LASSO)
regression with 10-fold cross-validation. The optimal
penalty parameter A was chosen using the one-
standard-error (1-SE) rule, which selects the most
parsimonious model within one standard error of the
minimum cross-validation error. Variables with non-
zero coefficients were considered potential predictors
of threatened abortion after IVF-ET. These variables
were subsequently entered into a multivariate logistic
regression model using a backward stepwise selection
method, with entry and removal criteria set at p <
0.10 and p > 0.15, respectively. Before multivariate
analysis, multicollinearity was assessed using the
variance inflation factor (VIF), and all VIFs were
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below 2.0, indicating no significant multicollinearity.
The nomogram was developed based on the final
logistic regression model. Statistical analysis and
figure generation were conducted using SPSS version
27.0 (IBM Corp., NY, USA) and R version 4.2.2 (R
Foundation for Statistical Computing, Vienna, Austria),
using the rms, pROC, and Decision Curve Analysis
(DCA) packages. Internal validation of the model was
conducted using 1000 bootstrap resamples to calculate
the optimism-corrected concordance index (C-index),
providing a robust estimate of model discrimination.
Calibration curves were generated for both the training
and validation cohorts, and ROC analysis was used
to evaluate discriminative ability based on the area

under the curve (AUC). Decision curve analysis was
performed to assess the net clinical benefit across a
range of risk thresholds.

In multivariate analysis, p-values were based on the
Wald test. A P-value<0.05 was considered significant.
Scores were assigned to each value level and each
influencing factor, and the values of each variable were
mapped to a scale of 0 to 100. The length of the line
segment reflected the contribution of the factor to the
target event. The predicted probability of threatened
abortion was obtained through the functional
transformation relationship between the total score and
the probability of threatened abortion. The validation
cohort was used to evaluate the predictive ability of

Table-I: Clinical Characteristics of IVF-ET Patients.

Variables Tmi(r;zjz(zgg%o)hort Valiiztziolr; 3c)ohort 7 P
Age (years) 0.921 0.337
<35 237 (82.9) 97 (78.9)

235 49 (17.1) 26 (21.1)

Female BMI (kg/m?) 22.33(20.3,24.7) 21.6 (20.2, 23.9) -1.078 0.281
Number of pregnancies 1(0,2) 1(0,2) -1.517 0.129
Multiparous women (yes) 54 (18.9) 25 (20.3) 0.115 0.734
History of ectopic pregnancy (yes) 85 (29.7) 45 (36.6) 1.870 0.172
AMH (ng/ml) 3.73 (2.47,5.43) 3.42 (2.45,5.48) -0.279 0.781
Number of transplants 0.063 0.802
1 263 (92.0) 114 (92.7)

22 23 (8.0) 9(7.3)

The number of transplantable embryos 32,5 3(2,5) -0.704 0.481
Number of embryos transferred 0.014 0.905
1 140 (49.0) 61 (49.6)

2 146 (51.0) 65 (50.4)

Endometrial thickness (mm) 10 (9, 11) 10 (9, 12) -1.520 0.128
E2 level two days after oocyte retrieval 4614(3117,6541) | 4662 (2964,6430) | -0442 | 0658
(pmol/L)

P level two days after oocyte retrieval (nmol/L) 126.5 (98.9, 186.1) 121.6 (98.9, 184) -0.695 0.487
Beta-hCG level 14 days after IVF-ET (mIU/mL) | 617.85 (302.4,1241) | 741 (351.6, 1311) -1.324 0.186
E2 level 14 days after IVF-ET (pmol/L) 1884 (1467, 2641) 2133 (1358, 2641) -0.171 0.864
P level 14 days after IVF-ET (nmol/L) 109 (78, 125) 109 (78, 121) -0.373 0.709
threatened abortion (yes) 37 (12.9) 22(17.9) 1.707 0.191

Note: IVF-ET, in vitro fertilization-embryo transfer; BMI, body mass index; AMH, anti - Mullerian hormone;

E2, estradiol; P, progesterone; Beta-hCG, beta-human chorionic gonadotropin.
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the developed nomogram, including differentiation
and calibration. Calibration curves were generated to
illustrate potential differences between the training
and validation cohorts, including the original and
recalibrated nomograms.

The model’s discriminative ability was evaluated
using receiver operating characteristic (ROC) curve
analysis, with the area under the curve (AUC) as
the metric. The predictive ability of the final model
was evaluated by comparing the observed rates of
threatened abortion. Inaddition, decision curve analysis
(DCA) was conducted to assess the clinical value of
the model and to calculate net benefits at various risk
threshold probabilities, thereby determining its real-
world application.

RESULTS

This study included 409 eligible patients who
underwent IVF-ET treatment due to tubal factors. The
age range of patients was 23-43 years, with a median of
30 (27, 33) years. During pregnancy, 59 patients were
diagnosed with threatened abortion, with an incidence
of 14.4% (59/409). All patients were randomly divided
into a training cohort (n=286) and a validation cohort
(n=123) in a 7:3 ratio. As shown in Table-I, there
was no significant difference in the incidence rates
between the training cohort and the validation cohort
(12.9% (37/286) and 17.9% (22/123), respectively)
(P>0.05). Clinical characteristics of the training and the
validation cohorts were similar (P>0.05).

The LASSO regression algorithm was used for feature
selection to screen and construct model variables in
the training cohort. LASSO regression retained five
non-zero coefficient variables (Fig.1). These variables
were considered significantly associated with the
risk of threatened abortion. The determined variables

included female age, endometrial thickness, number
of transplanted embryos, Beta-hCG level 14 days after
IVF-ET, and P level 14 days after IVF-ET.

To further investigate their predictive significance, a
logistic regression analysis was performed on the five
variables selected by LASSO. The results showed that
all four variables were independent influencing factors
for threatened abortion, including female age > 35
years (odds ratio (OR)=3.634; 95% confidence interval
(CI)=1.447-9.128;, P=0.006), endometrial thickness
(OR=0.756; 95% CI=0.603-0.947; P=0.015), number of
transplanted embryos (OR=2.502; 95% CI=1.054-5.938;
P=0.038), and P level 14 days after IVF-ET (OR=0.953;
95% CI=0.935-0.971; P<0.001) are significant predictive
factors for threatened abortion after IVF-ET. The
detailed results of logistic regression analysis are
shown in Table-II.

A nomogram for predicting the risk of threatened
abortion after IVF-ET was constructed based on the
four independent risk factors mentioned above (Fig.2).
Based on the scores corresponding to each predictive
indicator in the nomogram, the sum of these score
values is recorded as the total score. The predicted
probability corresponding to the total score represents
the risk of threatened abortion. Based on the individual
patient characteristics, the corresponding scores for
each variable can be obtained by projecting onto the
top “point” axis. Similarly, the total score is obtained
by summing the scores for each variable. By projecting
the total score onto the “risk of threatened abortion”
axis, the probability of threatened abortion after IVF-ET
can be estimated. For example, a 38-year-old pregnant
woman (20 points) with an endometrial thickness of
10 mm (40 points) and two embryos transferred (18
points) had a P level of 60nmol/L (70 points) 14 days
after IVF-ET, for a total of 148 points. This means that
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Fig.1. LASSO coefficient curve of threatened abortion.
A. Each curve in the graph represents the coefficient variation of each variable. The vertical axis represents
the coefficient values, the lower horizontal axis represents log (\), and the upper horizontal axis represents the
number of non-zero coefficients in the model at this time. B. 10-fold cross-validation fitting, then select the model.
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Table-II: Analysis of Risk Factors for threatened abortion.

Independent variables B 95% CI P

Female age > 35 years 1.290 3.634 (1.447-9.128) 0.006
Endometrial thickness -0.280 0.756 (0.603-0.947) 0.015
Number of embryos transferred (two embryos) 0.917 2.502 (1.054-5.938) 0.038
P level 14 days after IVF-ET -0.048 0.953 (0.935-0.971) <0.001

Note: IVF-ET, in vitro fertilization-embryo transfer; P, progesterone.

the probability of predicting threatened abortion is
approximately 68%.

The Hosmer-Lemeshow test showed x*=7.6%4,
P=0.464 in the training cohort, and x?=11.433, P=0.121
in the validation cohort, indicating that the predicted
results are close to the observed results. The ROC curve
in the training cohort showed good discriminability
(AUC: 0.822, 95%CI: 0.737-0.907, sensitivity=29.7%,
specificity=98.4%, positive predictive value (PPV) =
73.3%, negative predictive value (NPV) = 90.4%), and
the C-index of bootstrap validation (1000 bootstrap
samples) was 0.802 (95%CI: 0.715-0.889), indicating
good predictive performance. The discriminative
performance of the model was validated in the
validation cohort (AUC: 0.822; 95% CI: 0.724-0.919,
sensitivity=13.6%, specificity=98.0%, (PPV) = 60.0%,
(NPV) = 83.9%) (Fig.3), with a C-index of 0.807
(95% CI: 0.719-0.895). In addition, calibration curve
analysis showed good consistency between predicted
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Fig.2. Nomogram of the risk prediction model for
threatened abortion. Each level of the predictor variable
represents a specific score. The total score is generated by
summarizing the scores of each predictor variable. The total
score corresponds to the probability of threatened abortion.
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probabilities and observed rates of threatened abortion
in both the training cohort and validation cohort
(Fig.4). DCA curves were drawn using training cohort
data and validation cohort data separately (Fig.5).
The DCA curves of the training cohort and validation
cohort indicated that the prediction model has good
clinical practicality.

DISCUSSION

This retrospective cohort study developed a
nomogram using a training cohort consisting of 286
patients. The nomogram was then validated to predict
the occurrence of threatened abortion after IVF-ET
using a validation cohort consisting of 123 patients.
The developed nomogram has a good predictive value
and may help identify high-risk populations.

In this study, the incidence of threatened abortion
after IVF-ET was 14.4% (59/409), which is higher
than the report by Huang et al. However, Valladares
Garrido et al.” reported that 14.7% of 218 pregnant
women in Peru experienced threatened abortion
during pregnancy, which is consistent with the results
of this study. Notably, this study only included
patients who were infertile due to tubal factors.
Usually, the incidence of threatened abortion is

1.004 —]
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True Positive Rate

0254 | 5 = Training cohort AUC :0.822

. = Validation cohort AUC :0.822

0004,

T T T T T
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Fig.3. ROC curve and AUC of the nomogram.
ROC: receiver operating characteristic;
AUC: area under the curve.
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Fig.4. Calibration chart of the prediction model. A. Calibration chart of the training cohort. B. Calibration chart in the
internal validation cohort. The x-axis represents the predicted probability of threatened abortion after IVF-ET. The
y-axis represents the observed threatened abortion. The diagonal dashed line represents the perfect prediction of the
ideal model. The solid line represents the performance of the nomogram. It indicates that solid lines are
closer to diagonal dashed lines for better prediction.

higher in this group of patients due to the influence of
tubal lesions.'*'¢ Furthermore, this study had a small
sample size, and some patients with infertility due to
uterine malformations, uterine mucosal fibroids, and
cervical adhesions were excluded. In addition, the age
range of the population in this study was 23-43 years,
with a median age of 30 years and relatively good
fertility.1718
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Fig.5. DCA of the nomogram. The x-axis displays the
threshold probability, while the y-axis measures the
net benefit calculated by adding true positives and
subtracting false positives. DCA: decision curve analysis.
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Threatened abortion can cause significant physical
and psychological distress to pregnant women,
especially in women receiving IVF-ET treatment.'”* At
present, there is no effective treatment or prevention
strategy to control the occurrence of threatened
abortion.”" Although some medications, including
progesterone, are often prescribed in clinical practice,
half of threatened abortions eventually develop into
miscarriage.’®?! Therefore, identifying the population
with a higher risk of threatened abortion is crucial.

This study developed a simple and effective
nomogram to predict the likelihood of threatened
abortion after IVF-ET. The prediction model includes
age (= 35 years), number of transplanted embryos,
endometrial thickness, and P level on the 14th day
of transplantation. The research results show that the
probability of threatened abortion increases by 3.634
times (95% CI: 1.447-9.128) for women who reach the
age of 35. This is consistent with previous research
findings.'$%

The results of this study are also consistent
with previous reports that have demonstrated that
advanced maternal age (>35) is associated with an
increased rate of chromosomal abnormalities in eggs,
a decline in endocrine function, and changes in the
uterine environment, leading to a significant decrease
in the “tolerance rate” of embryo implantation and
development, and an increased risk of threatened
abortion.?»? Therefore, optimizing physical condition,
strengthening monitoring and intervention during
pregnancy, and targeted prevention of complications
before IVF-ET can significantly reduce risks and
improve pregnancy outcomes.'$-2
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Consistent with previous studies,®?* endometrial
thickness was negatively correlated with threatened
abortion. A thin endometrium (due to multiple
uterine procedures, infections, insufficient estrogen
levels, etc.) has sparse vascular distribution, making
it difficult to form a stable placental circulation, and
increasing the risk of embryonal developmental arrest
and subsequent abortion due to lack of blood supply
and nutrition. %

The association of the number of transplanted
embryos with the risk of threatened abortion in this
study is consistent with previous reports. Transferring
two embryos significantly increases the probability
of a twin pregnancy, which is associated with greater
physiological demands.®* Twin pregnancies can lead
to excessive uterine distension, heightened hormonal
fluctuations, increased placental complications,
and higher maternal metabolic burden, all of which
may contribute to an elevated risk of threatened
abortion.®#14?¢  Additionally, patients undergoing
multiple embryo transfers may have experienced
prior implantation failures, which could suggest
underlying endometrial receptivity impairment or
immunological dysfunction, further increasing the risk
of miscarriage.®"

The number of transplants reflects the patient’s IVF-
ET treatment process. The results of this study showed
that the risk of threatened abortion increased by 2.502
times (95% CI: 1.054-5.938) when two embryos were
transferred, compared with single-embryo transfer.
Balen et al.*® found that the number of lost IVF-ET
twin pregnancies is significantly higher than that of
singleton pregnancies. The increased risk associated
with twin pregnancies may be related to a combination
of multiple factors, such as excessive uterine dilation,
hormonal fluctuations, placental abnormalities, and
increased maternal burden, thereby increasing the
risk of threatened abortion.?*” In addition, repeated
transplant failures also bring tremendous psychological
pressure to pregnant women, thereby increasing
the risk of miscarriage.” The levels of beta-hCG, E2,
and P on 14 days after IVF-ET are key indicators for
evaluating early embryonic development and luteal
function in pregnancy. %

In this study, progesterone level was identified as
an independent risk factor of threatened abortion.
The P level measured 14 days after embryo transfer
reflects luteal phase sufficiency and endometrial
receptivity, both of which are essential for maintaining
pregnancy. Progesterone plays a central role in
promoting endometrial transformation into a
secretory phase, suppressing uterine contractions,
and modulating maternal immune tolerance.?
Therefore, a higher serum P level indicates a favorable
uterine environment, which significantly lowers the
risk of embryo detachment and early miscarriage.”
In addition, double embryo transfer, while often
increasing pregnancy rates, may also raise the risk of
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threatened abortion through multiple mechanisms
beyond mechanical uterine load. These include
abnormal placentation, heightened inflammatory
response, suboptimal embryo quality, and excessive
hormonal stimulation.®®!* Repeated transfer attempts
may further reflect previous implantation failures,
which could imply latent endometrial receptivity issues
or immunologic dysregulation,® both contributing to
higher miscarriage susceptibility.

Wang et al.” confirmed that serum beta-hCG levels
have a strong independent predictive value for early
miscarriage in IVF cycles. E2 and P are crucial for
maintaining endometrial receptivity and pregnancy
stability.®% E2 promotes endometrial proliferation,
while progesterone transforms the endometrium into
a secretory phase, creating conditions for embryo
implantation and development.?*° Notably, only P
was included in this nomogram, while beta-hCG and
E2 were identified as risk factors. This may be related
to the small sample size, as well as to testing stability
and statistical factors. The results also indicate that
progesterone is most closely associated with threatened
abortion after IVF-ET %

Nomograms have been widely used to assess
the risk of adverse pregnancy outcomes.” To the
best of our knowledge, this is the first nomogram
to predict threatened abortion after IVF-ET. The
developed model comprehensively evaluates the risk
of threatened abortion after IVF-ET by considering
multiple factors such as age, endometrial thickness,
secondary transplantation, and P on the 14th day
of transplantation, rather than relying on single-
indicator prediction.”? The model has good accuracy
in predicting threatened abortion after IVF-ET, with
the AUC of 0.822 (95%CI: 0.737-0.907) and 0.822 (95%
CI: 0.724-0.919) for the training and validation cohorts,
respectively. After calibration, no significant difference
was observed between the predicted probability and
the observed probability.

Despite favorable AUC and C-index values, the
model’s sensitivity was relatively low, particularly in
the validation cohort (13.6%), whereas its specificity was
consistently high (around 98%). This pattern suggests
that the model is more effective in correctly identifying
low-risk patients than in detecting all true high-risk
cases. Clinically, this implies that the nomogram may
serve more appropriately as a confirmation tool to
support clinical suspicion in select high-risk IVF-ET
populations, rather than as a universal screening tool.
This trade-off reflects a deliberate modeling strategy
that prioritized minimizing overfitting and improving
positive predictive value in a relatively small and
imbalanced dataset.

Identifying populations in decision curve analysis has
clear clinical significance. The developed nomogram
can accurately identify high-risk populations for
threatened abortion after IVF-ET, allowing clinicians
to take timely preventive measures. In practical terms,
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the nomogram may be embedded into electronic
medical record (EMR) systems to allow automatic
risk calculation based on patients” IVF-ET parameters.
This would enable the timely identification of high-
risk individuals and facilitate early clinical decision-
making. Based on the distribution of scores in our
study population and analysis using the Youden
index, we suggest a preliminary cutoff score of >145,
which corresponds to an estimated 265% probability
of threatened abortion. This cutoff may serve as a
reference point for targeted intervention, although
further prospective validation is needed.

Patients classified as high-risk by the nomogram may
benefit from enhanced early pregnancy monitoring,
including more frequent transvaginal ultrasound
examinations to assess gestational development.
Additionally, physicians may consider optimizing
luteal support therapy, such as increasing progesterone
dosage or extending treatment duration. Providing
individualized psychological counseling may also
be beneficial in mitigating anxiety-related risks.
These proposed clinical actions enhance the model’s
applicability and support its use as a decision-support
tool in IVF-ET practice.

This study has several notable strengths. To our
knowledge, it is among the first to establish and
validate a nomogram specifically designed to predict
the risk of threatened abortion after IVF-ET, offering a
novel and clinically accessible tool for individualized
risk stratification. The model was constructed using
a well-defined and homogeneous patient cohort and
applied rigorous statistical techniques, including
LASSO regression, multivariate logistic regression,
ROC analysis, calibration plots, and decision curve
analysis, to ensure robustness and clinical relevance.
Future research may focus on expanding the model’s
functionality by integrating it into clinical decision-
support systems and on validating its use across
broader IVF populations to enhance its practical
utility.

Limitations: First, it is a retrospective, single-center
study limited to patients undergoing IVF-ET for tubal
factor infertility, which may limit the generalizability
of the findings. Second, although we aimed to capture
early threatened abortion, patients who progressed
to spontaneous abortion before data collection were
excluded. As a result, the analysis may underrepresent
progressive cases and be biased toward non-progressive
forms, potentially affecting the model’s external
validity. Third, some potentially influential variables—
such as lifestyle habits, genetic predispositions,
environmental exposures, luteinizing hormone (LH),
thyroid function markers (TSH and FT4), and uterine
blood flow parameters—were not routinely collected
due to the study’s retrospective design. These may act
as unmeasured confounders and should be addressed
in future prospective, multicenter studies with
standardized data collection protocols. Additionally,
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patients who experienced natural or induced abortion
during early or mid-pregnancy were excluded, which
limits the applicability of the model to broader IVF
populations. Finally, the model requires further external
validation in larger, more diverse cohorts. Future work
should also aim to improve model sensitivity and
clinical utility by integrating additional biomarkers
and advanced modeling techniques such as ensemble
learning or machine learning-based classifiers.

CONCLUSION

This study identified age, endometrial thickness,
number of transplanted embryos, and P level 14 days
after IVF-ET as independent influencing factors for
threatened abortion. The nomogram constructed based
on these four influencing factors had high accuracy and
can be used as a reliable tool for predicting threatened
abortion after IVF-ET. Such a nomogram will enable the
timely identification of high-risk patients and promote
targeted intervention measures. Future studies should
further optimize the model, incorporate additional
biomarkers and clinical information, enhance
prediction accuracy and generalization, and provide
more accurate guidance for clinical intervention.
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