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Abstract

Objective: To investigate the risk factors for spontaneous reduction (SR) in assisted reproductive technology (ART)-conceived twin pregnancies
and compare perinatal outcomes between SR and non-SR pregnancies, and to develop and validate an SR risk prediction model in the dizygotic
twin (DZT) cohort.

Methods: This single-center retrospective cohort study enrolled patients who achieved clinical twin pregnancies following ART at the Reproduc-
tive Center of the First Affiliated Hospital of Anhui Medical University between January 2015 and December 2024. Participants were classified
into monozygotic twins (MZT, n=505) and dizygotic twins (DZT, n=3,263) based on the number of gestational sacs and fetal heartbeats detected
on early pregnancy ultrasound, and each cohort was further divided into SR and Non-SR groups. Baseline characteristics, treatment parameters,
and perinatal outcomes were compared between groups. Univariable and multivariable logistic regression analyses were performed with SR as
the dependent variable, incorporating nine core predictors. A predictive model for SR was constructed in the DZT cohort and internally validated;
model performance was evaluated using the receiver operating characteristic (ROC) curve with area under the curve (AUC), calibration curve, Bri-
er score, and decision curve analysis (DCA). Risk stratification was performed by tertiles of predicted probability.

Results: In the DZT cohort, the SR group had significantly older maternal age, a higher proportion of advanced maternal age (=35 years), and high-
er rates of blastocyst-stage transfer, intracytoplasmic sperm injection (ICSI), and frozen-thawed embryo transfer cycles than the Non-SR group (all
P<0.05). No statistically significant differences were observed in any of these characteristics in the MZT cohort. Perinatal outcome trends were
consistent across both cohorts: the SR group had later gestational age at delivery, lower rates of preterm birth and low birth weight, but higher
rates of glucose metabolism abnormalities and lower rates of premature rupture of membranes. Multivariable logistic regression identified ad-
vanced maternal age (aOR=3.00), history of previous miscarriage (aOR=1.32), blastocyst-stage transfer (aOR=3.05), non-good-quality embryos
(aOR=1.79), ICSI (aOR=1.56), and frozen-thawed cycles (aOR=3.33) as independent risk factors for SR, whereas secondary infertility (aOR=0.67)
and transfer of 22 embryos (aOR=0.53) were associated with a reduced risk. The DZT-SR prediction model achieved an AUC of 0.857 on internal
validation, with acceptable calibration and favorable net clinical benefit on DCA. SR incidence increased progressively across low-, intermediate-,
and high-risk strata at 8.3%, 28.7%, and 77.9%, respectively.

Conclusion: SR in ART-conceived twin pregnancies is closely associated with maternal age and multiple embryo- and cycle-related factors. The
DZT-SR prediction model, built on nine routinely available clinical variables, demonstrated good internal validation performance and may serve as
a practical tool for early pregnancy risk stratification and individualized follow-up planning.
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Introduction

According to the World Health Organization (WHO), approxi-
mately one in six people worldwide experiences infertility at
some point during their lifetime [1]. The widespread adoption
of assisted reproductive technology (ART) has substantially
improved pregnancy outcomes for affected couples; however,
the use of ovarian stimulation and multiple embryo trans-

fer has led to a higher rate of iatrogenic multiple pregnancy
compared with natural conception, making it one of the most
common complications associated with ART [2-3]. Multiple
pregnancy carries considerable maternal and neonatal risks:
compared with singleton pregnancy, the risks of preterm birth,
preterm birth before 32 weeks, stillbirth, and neonatal death
are increased approximately 6-, 13-, 5-, and 7-fold, respectively,
and the rates of severe maternal morbidity and mortality are

1 Department of Obstetrics and Gynecology, First Affiliated Hospital of Anhui Medical University, No 218 Jixi Road, Hefei, China.
2 Anhui Province Key Laboratory of Reproductive Health and Genetics, Anhui Medical University, No 81 Meishan Road, Hefei 230032, China.
3 NHC Key Laboratory of study on abnormal gametes and reproductive tract (Anhui Medical University), No 81 Meishan Road, Hefei 230032, China.

* Corresponding Author.

LIFE CONFL

Life Conflux, 2026; 2(3): 79-89.



also markedly elevated [4-5]. In response, reproductive medi-
cine societies worldwide have issued guidelines recommend-
ing a reduction in the number of embryos transferred and
encouraging the adoption of elective single embryo transfer
(eSET) to reduce multiple pregnancy rates [2-3, 6-7].

The routine use of first-trimester ultrasound has made van-
ishing twin syndrome (VTS) — or spontaneous reduction (SR)
— increasingly recognizable in clinical practice. SR refers to
the arrest of development of one or more embryos in an intra-
uterine multiple pregnancy that has already been confirmed
clinically. In ART-conceived twin pregnancies, the reported
incidence of SR ranges from approximately 12% to 38% [8-10].
Its etiology remains incompletely understood, but proposed
contributing factors include abnormal embryonic develop-
ment, suboptimal placental implantation, and an unfavorable
intrauterine environment [9, 11-12]; maternal age, chorionicity,
and certain ART-related procedures may also play a role [13-16],
though the available evidence is limited and findings across
studies are inconsistent.

The impact of SR on pregnancy outcomes also warrants at-
tention. Perinatal outcomes in pregnancies that undergo SR
and continue as singletons appear to fall somewhere between
those of pregnancies that were singletons from the outset and
those that remain twin pregnancies, but existing studies are
limited by small sample sizes and heterogeneous findings [8,
10]. Furthermore, the clinical patterns and implications of SR
may differ between monozygotic twins (MZT) and dizygotic
twins (DZT), yet systematic stratified analyses are lacking, and
data from Chinese populations remain scarce.

Against this background, the present study compared baseline
characteristics, treatment parameters, and perinatal outcomes
between SR and non-SR pregnancies in both MZT and DZT
cohorts, examined the risk factors associated with SR, and
developed and internally validated an SR risk prediction model
within the DZT cohort, with the aim of informing early pregnan-
cy risk assessment and follow-up management.

Materials and Methods

Study population

This was a single-center retrospective cohort study. We en-
rolled patients who achieved clinical pregnancy following ART
at the Reproductive Center of the First Affiliated Hospital of
Anhui Medical University between January 2015 and Decem-
ber 2024, and whose twin pregnancy was confirmed by trans-
vaginal ultrasound in the first trimester. Participants were clas-
sified into MZT and DZT based on the number of gestational
sacs and fetal heartbeats on early ultrasound, and each cohort
was divided into an SR group and a Non-SR group according to
whether spontaneous reduction occurred during first-trimester
follow-up.

Definitions and diagnostic criteria

Twin pregnancy was confirmed approximately 30 days after
embryo transfer by transvaginal ultrasound showing either
two separate gestational sacs or a single sac containing two
fetal heartbeats. MZT was defined as a single gestational sac
with two fetal heartbeats, and DZT as two gestational sacs
each with a fetal heartbeat. SR was defined as a spontaneous
decrease in the number of fetal heartbeats from two to one
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on routine follow-up ultrasound in a previously confirmed twin
pregnancy; the date of the first ultrasound documenting this
change was recorded as the time of SR. Non-SR was defined
as the absence of any such reduction in fetal heartbeats
throughout the first trimester, with subsequent delivery of one
or two live infants.

Inclusion and exclusion criteria

Patients were included if they: (1) achieved clinical pregnancy
following ART with first-trimester ultrasound confirmation of a
twin pregnancy (MZT or DZT); and (2) were followed through
to delivery with complete obstetric and neonatal records.
Patients were excluded if they: (1) underwent multifetal preg-
nancy reduction; (2) had recurrent miscarriage or structural ab-
normalities of the reproductive tract; (3) had the pregnancy ter-
minated due to systemic illness, uterine scarring, or personal
reasons; (4) had pre-existing hypertension or diabetes mellitus
before pregnancy; (5) conceived through donor oocytes, donor
sperm, intrauterine insemination, or preimplantation genetic
testing cycles; (6) were in a consanguineous relationship; (7)
had a severe psychiatric disorder; or (8) had incomplete clini-
cal records.

Embryo quality grading

Cleavage-stage embryos (D2/D3) were assessed morphologi-
cally according to the Istanbul Consensus and the ESHRE-AL-
PHA scoring criteria [17-19], taking into account blastomere
number, fragmentation, and symmetry. On day 3, embryos
meeting specific score combinations — such as 8CF4S1 —
were classified as good-quality. Blastocysts (D5/D6) were
graded using the Gardner-Schoolcraft system [18-23]. Day-5
blastocysts expanded to stage =3 with inner cell mass (ICM)
and trophectoderm (TE) both graded A or B (i.e., AA, AB, BA, or
BB) were considered good-quality; for day-6 blastocysts, the
same grading criteria applied with a minimum expansion stage
of 4. When all transferred embryos were good-quality, the cycle
was categorized as the "good-quality” group; if any transferred
embryo was below this threshold, the cycle was assigned to
the "non-good-quality" group.

Study variables

Baseline and treatment characteristics collected included ma-
ternal age, body mass index (BMI), history of previous miscar-
riage, infertility type (primary or secondary), cycle type (fresh or
frozen-thawed), fertilization method (conventional IVF or ICSI),
embryonic developmental stage at transfer (cleavage-stage
D2/D3 or blastocyst D5/D6), number of embryos transferred (1
or 22), embryo quality (good-quality or non-good-quality), and
the underlying causes of infertility.

Perinatal outcomes included mode of delivery, gestational
age at delivery, neonatal birth weight, presence of any low
birth weight (any LBW, defined as at least one infant weighing
<2,500 g), and pregnancy complications including hypertensive
disorders of pregnancy, glucose metabolism abnormalities,
and premature rupture of membranes.

Nine variables were entered into the logistic regression anal-
yses as core predictors: advanced maternal age (235 years),
maternal BMI, infertility type, history of previous miscarriage,
embryonic developmental stage, number of embryos trans-
ferred, embryo quality, fertilization method, and cycle type.
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Table 1. Baseline and treatment characteristics of the DZT group.

Non-

Variable SR(n=2456) SR(n=807) P value

Maternal age (years)  29.99+3.67 31.86+4.25 <0.001

BMI(kg/m?) 22.35+3.14 22.61+3.26 0.052
No. of previous miscar- /v, 080 0514084 0084
riages

Advanced maternal

age (235 years), n (%) <0.001
No 2163 (88.1) 594 (73.6)

Yes 293 (11.9) 213 (26.4)

Infertility type, n (%) 0.104
Primary infertility 1332 (54.2) 464 (57.5)
Secondary infertility 1124 (45.8) 343 (42.5)

H|§tory pf previous 0.305

miscarriage, n (%)

No 1643 (66.9) 524 (64.9)
Yes 813(33.1) 283 (35.1)
Infertility factors, n (%)
Pelvic factor 1585 (64.5) 403 (49.9) <0.001
Tubal factor 1451 (59.1) 316(39.1) <0.001
Endometriosis 143 (5.8) 46 (5.7) 0.891
Ovulatory disorder/ goq 530y 135(16.7) <0.001
ovarian factor
Uterine factor 110 (4.5) 45 (5.6) 0.206
Other factors 190 (7.7) 280 (34.7) <0.001
No female factor 365 (14.9) 40 (5.0)0 <0.001
tmeeh“O”””m“ 675(27.5 336 (41.6) <0.001
Embryonic develop- <0.001
mental stage, n (%)
D2/D3 (cleavage

stage) 317 (12.9) 36 (4.4)
D5/D6 (blastocyst o145 (g71) 771 (95.6)

stage)

No. of embryos trans-

ferred, n (%) 0.019
1 42 (1.7) 25 (3.0)
>2 2414 (98.3) 782 (97.0)

Embryo quality, n (%) <0.001
Good quality 2154 (87.7) 648 (80.3)
Non-good quality 302 (12.3) 159(19.7)

Foertlllzatlon method, n <0.007

(%)

IVF 1793 (73.0) 514 (63.7)
ICS 663 (27.0) 293 (36.3)

Cycle type, n (%) <0.001
Fresh cycle 550 (22.4) 67 (8.3)
Frozen-thawed cycle 1906 (77.6) 740 (91.7)

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics
25, and the prediction model was built and validated in RStu-
dio (v4.5.1). Continuous variables with approximately normal
distributions are presented as mean t standard deviation (SD)
and compared between groups using the independent-sam-
ples t-test (or Welch's t-test when variances were unequal).
Categorical variables are presented as counts and percentag-
es and compared using the Pearson chi-square test; Fisher's
exact test or the continuity-corrected chi-square test was used
when any expected cell count was less than 5. All tests were
two-sided, and P<0.05 was considered statistically significant.
Risk factors for SR were examined by univariable and multi-
variable logistic regression, with effect sizes expressed as
odds ratios (OR) with 95% confidence intervals (95% Cl).

An SR risk prediction model was developed in the DZT cohort
and internally validated using a 70:30 training-to-test split.
Discrimination was assessed by the receiver operating char-
acteristic (ROC) curve and the area under the curve (AUC); the
optimal classification threshold was determined by the Youd-
en index, from which sensitivity, specificity, and related metrics
were derived. Calibration was evaluated using a calibration
curve and the Brier score. Clinical utility was assessed by de-
cision curve analysis (DCA). Risk stratification was performed
by dividing the test-set predicted probabilities into tertiles, and
SR incidence was compared across the resulting low-, interme-
diate-, and high-risk groups.

Results

Study population

A total of 3,768 patients with ART-conceived twin pregnancies
were included: 3,263 in the DZT cohort (SR group, n=807; Non-
SR group, n=2,456) and 505 in the MZT cohort (SR group,
n=62; Non-SR group, n=443). The DZT cohort underwent full
comparative analysis, logistic regression, and prediction mod-
el development; findings from the MZT cohort are presented
descriptively.

Baseline and treatment characteristics in the DZT cohort
Baseline and treatment characteristics are shown in Table 1.
Several differences were observed between the SR and Non-
SR groups.

Regarding continuous variables, maternal age was significant-
ly higher in the SR group than in the Non-SR group (31.86+4.25
vs. 29.99+3.67 years, P <0.001), and BMI was also slightly
higher (22.614£3.26 vs. 22.35+3.14 kg/m?, P =0.052). The
number of previous miscarriages did not differ significantly
between groups (0.51+0.84 vs. 0.45+0.80, P =0.084).

Among categorical variables, the proportion of women of ad-
vanced maternal age (=35 years) was significantly higher in
the SR group (26.4% vs. 11.9%, P <0.001). Infertility type (pri-

Note: Continuous variables are presented as mean + SD; categorical variables as n (%). Pelvic factors include pelvic inflammatory disease and
adhesions; tubal factors include tubal obstruction, hydrosalpinx, and prior tubal surgery; ovulatory disorder/ovarian factors include polycystic
ovary syndrome, ovulatory dysfunction, and diminished ovarian reserve; uterine factors include fibroids, adenomyosis, intrauterine adhesions, and
prior uterine surgery; other factors include thyroid disorders and systemic autoimmune conditions; male factor infertility includes oligozoosper-

mia, asthenozoospermia, teratozoospermia, and azoospermia.
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mary vs. secondary) was similar between groups (P =0.104).
A history of previous miscarriage did not differ significantly
between groups (SR 35.1% vs. Non-SR 33.1%, P = 0.305). The
distribution of infertility causes also differed significantly, with
notable differences in the proportions of pelvic, tubal, and
ovarian factors (all P <0.001 or P =0.001), suggesting that the
underlying cause of infertility may be related to SR risk. With
respect to embryo and cycle characteristics, blastocyst-stage
transfer (D5/D6) was more frequent in the SR group (95.6% vs.
87.1%, P <0.001). The distribution of the number of embryos
transferred also differed between groups, with =2 embryos be-
ing the predominant strategy in both (P =0.001). The SR group
had a higher rate of ICSI (36.3% vs. 27.0%, P <0.001) and a
markedly higher proportion of frozen-thawed cycles (91.7% vs.
77.6%, P <0.001).

Risk factors for SR in the DZT cohort: logistic regression anal-
ysis

Univariable and multivariable logistic regression analyses were
performed with SR as the outcome variable, incorporating the
nine prespecified core predictors. The multivariable model was
fitted using complete-case analysis.

Univariable analysis

On univariable analysis (Table 2), advanced maternal age (=35
years) was significantly associated with SR (OR=2.65, 95%
Cl: 2.17-3.23, P<0.001). Each 1 kg/m? increase in BMI was
associated with a modest increase in SR risk (OR=1.03, 95%
Cl: 1.00-1.05, P=0.048). History of previous miscarriage and
infertility type did not reach statistical significance or showed
unstable effect estimates in univariable analysis. Transfer
of =2 embryos was associated with a lower likelihood of SR
(OR=0.55, 95% Cl: 0.33-0.91, P=0.021). Non-good-quality em-
bryos were associated with higher SR risk (OR=1.67, 95% ClI:
1.35-2.06, P<0.001), as were ICSI compared with conventional
IVF (OR=1.54, 95% Cl: 1.30-1.82, P<0.001) and frozen-thawed
cycles compared with fresh cycles (OR=2.95, 95% Cl: 2.03-
4.29, P<0.001).
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Multivariable analysis

After adjustment for all nine predictors (Table 2), advanced
maternal age remained an independent risk factor for SR
(aOR=3.00, 95% ClI: 2.40-3.76, P<0.001). BMI was no longer
significant in the multivariable model (aOR=1.01, 95% ClI:
0.99-1.04, P=0.344). A history of previous miscarriage was
independently associated with increased SR risk (aOR=1.32,
95% Cl: 1.06-1.64, P=0.013). Secondary infertility was inverse-
ly associated with SR (aOR=0.67, 95% CI: 0.54-0.83, P<0.001).
Embryonic developmental stage was independently associat-
ed with SR, with blastocyst-stage (D5/D6) transfer showing a
substantially higher risk than cleavage-stage transfer (aOR =
3.05, 95% Cl: 1.92-4.82, P < 0.001). Transfer of =2 embryos
remained associated with lower SR risk (aOR=0.53, 95% CI:
0.31-0.90, P=0.019). Non-good-quality embryos (aOR=1.79,
95% CI: 1.42-2.26, P<0.001), ICSI (aOR=1.56, 95% CI: 1.30—
1.88, P<0.001), and frozen-thawed cycles (aOR=3.33, 95% Cl:
2.23-4.99, P<0.001) were each independently associated with
increased SR risk; frozen-thawed cycle type showed the largest
effect size among all predictors in the model.

Development and validation of the DZT-SR prediction model

A multivariable logistic prediction model was constructed us-
ing the nine core predictors described above. The regression
equation is as follows:

logit(p) = -4.072 + 1.304 x (advanced maternal age =35
years) + 0.056 x BMI - 0.077 x (secondary infertility) + 0.439
x (history of previous miscarriage) + 1.243 x (blastocyst
transfer D5/D6) - 1.119 x (=2 embryos transferred) - 0.621 x
(non-good-quality embryos) + 0.317 x (ICSl) + 3.016 x (fro-
zen-thawed cycle)

p =1/[1+ exp(-logit(p))] represents the predicted probability
of SR.

Discrimination

ROC curve analysis showed good discriminative performance
for the model (Figure 1): AUC was 0.868 in the training set and
0.857 in the test set. Using the Youden index, the optimal clas-

Table 2. Factors associated with SR: univariate and multivariable logistic regression

Variable OR (95% ClI)

Advanced maternal age
(235 vs <35 years)
Maternal BMI (per 1 kg/
m? increase)
Infertility type
(secondary infertility)
Embryonic stage
(D5/D6 blastocyst)
History of previous

2.65(2.17-3.23)
1.03 (1.00-1.05)
0.87 (0.74-1.03)

3.23 (2.29-4.57)

miscarriage (yes)
No. of embryos
transferred (=2)
Embryo quality
(non-good quality)
Fertilization
method (ICSI)
Cycle type

(frozen-thawed cycle)

1.09 (0.92-1.29)
0.55 (0.33-0.91)
1.67 (1.35-2.06)
1.54 (1.30-1.82)

2.95 (2.03-4.29)

(univariable) (B EERS C) (muFI;i‘\Ilzl:;:ble)
< 0.001 3.00 (2.40-3.76) <0.001
0.048 1.01 (0.99-1.04) 0.344
0.104 0.67 (0.54-0.83) <0.001
< 0.001 3.05(1.92-4.82) <0.001
0.305 1.32(1.06-1.64) 0.013
0.021 0.53 (0.31-0.90) 0.019
<0.001 1.79 (1.42-2.26) <0.001
< 0.001 1.56 (1.30-1.88) < 0.001
<0.001  3.33(2.23-499)  <0.001
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sification threshold was 0.501, at which the model achieved
a sensitivity of 0.822 and a specificity of 0.830 in the test set.
The positive predictive value (PPV) was 0.750, the negative
predictive value (NPV) was 0.883, and overall accuracy was
0.827.

ROC curves for SR prediction
Train AUC=0.868 | Test AUC=0.857

0.75

Sensitivity
°
o
8

0.25

0.00 025 050 075 1.00
1 - Specificity

Figure 1. ROC curves of the DZT-SR prediction model in the training
and test sets.

ROC curves for the spontaneous reduction (SR) prediction model in
dizygotic twin (DZT) pregnancies, shown separately for the training
set (solid line) and the test set (dashed line). The area under the curve
(AUC) was 0.868 in the training set and 0.857 in the test set. The op-
timal classification threshold determined by the Youden index was
0.501, at which the model achieved a sensitivity of 0.822 and a speci-
ficity of 0.830 in the test set. The diagonal reference line represents a
non-discriminating classifier.

Calibration

The calibration curve for the test set showed good overall
agreement between predicted probabilities and observed SR
rates across risk strata, with the curve tracking close to the
45° reference line and no obvious systematic over- or under-
estimation across most of the risk range (Figure 2). The Brier
score was 0.142, indicating that the overall probability predic-
tion error was within an acceptable range.

Clinical net benefit

Decision curve analysis showed that, across a reasonable
range of threshold probabilities, the net benefit of using the
model exceeded both the "treat all" and "treat none" reference
strategies (Figure 3). This suggests that applying the model to
identify high-risk patients and guide follow-up decisions could
help avoid unnecessary interventions while maintaining the
ability to detect truly high-risk individuals

Risk stratification

To make the model more applicable in practice, predicted
probabilities in the test set were divided into tertiles to form
low-, intermediate-, and high-risk groups. Observed SR rates
increased markedly across strata: 8.3% (15/181) in the low-
risk group, 28.7% (52/181) in the intermediate-risk group, and
77.9% (141/181) in the high-risk group (Figure 4).
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Perinatal outcomes in the DZT cohort

Perinatal outcome analyses were restricted to live births with
complete delivery records. Compared with the Non-SR group,
the SR group had a significantly later gestational age at deliv-
ery (38.42+1.99 vs. 36.10+2.04 weeks, P<0.001) and a marked-

Calibration plot (Test set)

Observed SR rate
&

0.25

0.00

0.0 0.2 0.6 0.8

0:4

Mean predicted probability
Figure 2. Calibration curve of the DZT-SR prediction model in the test
set.
The calibration curve plots predicted probability of SR against the ob-
served SR rate across risk strata in the test set. The diagonal dashed
line represents perfect calibration (predicted probability = observed
rate). Points falling close to this reference line indicate good agree-
ment between model predictions and actual outcomes. The Brier
score was 0.142, indicating acceptable overall prediction error.

3
—— Model

— None

Net benefit
0.2

0.1

r T T T T 1
0.1 0.2 0.3 0.4 0.5 0.6
Threshold probability
T T T T T 1
1:15 15 13 35 11 3:2
Cost:Benefit Ratio

Figure 3. Decision curve analysis (DCA) for the DZT-SR prediction
model.

Decision curve analysis evaluating the clinical net benefit of the SR
prediction model across a range of threshold probabilities in the test
set. The model curve (solid line) is compared with two reference
strategies: treating all patients as high risk ("Treat all", gray line) and
treating no patients as high risk ("Treat none", horizontal line at zero).
The model provides greater net benefit than either reference strategy
across a clinically meaningful range of threshold probabilities, sup-
porting its potential utility for guiding individualized follow-up deci-
sions in early pregnancy.



ly lower rate of preterm birth (13.6% vs. 61.1%, P<0.001). The
smaller of the two birth weights was significantly higher in the
SR group (P<0.001), and the proportion of pregnancies with
any low birth weight infant (any LBW, <2,500 g) was substan-
tially lower (8.7% vs. 53.3%, P<0.001). Birth weight discordance
of 220% (discord20) was observed in 15.6% of Non-SR deliv-
eries; as most SR pregnancies resulted in singleton deliveries,
this measure was effectively zero in the SR group (P<0.001).
Overall rates of any pregnancy complication were similar be-
tween groups (21.2% vs. 20.8%, P=0.816). The rate of hyper-
tensive disorders of pregnancy was slightly lower in the SR
group but did not reach significance (6.7% vs. 8.8%, P=0.060).
Glucose metabolism abnormalities were more frequent in the
SR group (8.0% vs. 3.7%, P<0.001), whereas premature rupture
of membranes was less common (2.2% vs. 5.1%, P<0.001).
Detailed perinatal outcomes are presented in Table 3.

Risk stratification by predicted probability

100% -

141/181 (77.9%)

75% 4

50%

52/181 (28.7%)

Observed SR rate

25%4

15/181 (8.3%)

0% -

Lc'>w Interrnledlate Hilgh
Risk group (predicted probability tertiles)

Figure 4. Risk stratification by predicted probability tertiles in the test
set.

Bar chart showing the observed SR incidence across three risk stra-
ta defined by tertiles of the model-predicted probability in the test
set (n=543). The low-risk group (first tertile) had an SR rate of 8.3%
(15/181), the intermediate-risk group (second tertile) 28.7% (52/181),
and the high-risk group (third tertile) 77.9% (141/181). The stepwise
increase in SR incidence across strata confirms the model's risk strati-
fication ability.

Baseline and treatment characteristics in the MZT cohort

The MZT cohort was smaller, comprising 443 women in the
Non-SR group and 62 in the SR group. Among continuous
variables, maternal age was slightly higher in the SR group
but the difference did not reach significance (31.73+4.45 vs.
30.76+4.28 years, P=0.098); BMI (P=0.887) and number of
previous miscarriages (P=0.131) were also similar between
groups. Among categorical variables, the proportion of women
with advanced maternal age was higher in the SR group (25.8%
vs. 17.4%), though again without statistical significance
(P=0.109). Infertility type, history of previous miscarriage, and
most infertility-related factors including pelvic and tubal caus-
es showed no significant differences. One exception was uter-
ine factor infertility, which was more common in the SR group
(14.5% vs. 6.3%, P=0.033). Embryonic developmental stage,
number of embryos transferred, embryo quality, fertilization
method, and cycle type were all comparable between groups
(all P>0.05). Full details are provided in Table 4.
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Table 3. Comparison of perinatal outcomes in the dizygotic twin
group.

Variable Non-SR SR P value
Gestational age at 38.42
delivery (weeks) 36.10+2.04 +1.99 0.001
Preterm birth, n (%) 1500 (61.1) 109 (13.6) <0.001
Cesarean delivery,n (%) 2326 (94.7) 572(70.9) <0.001
Smaller birth weight (g) fi%g;g 32524(')24; <0.001
Any LBW
(<2500 9), n (%) 1309 (53.3) 70(8.7) <0.001
Birth weight _ _
discordance 220%, n (%) 383 (15.6)
Any complication,n (%) 511(20.8) 171(21.2) 0.816
Hypertensive disorders
of pregnancy, n (%) 216 (8.8) 54 (6.7)  0.060
Glucose metabolism
abnormality, n (%) 91 (3.7) 64 (8.0) <0.001
Premature rupture of 125 (5.1) 17(22)  <0.001

membranes, n (%)

Note: Continuous variables are presented as mean + SD; categorical
variables as n (%). Analyses were restricted to live births with com-
plete delivery records. LBW, low birth weight; any LBW, at least one in-
fant with birth weight <2500 g; birth weight discordance =20%, defined
as (larger birth weight - smaller birth weight) / larger birth weight =
0.20.

Perinatal outcomes in the MZT cohort

In the MZT cohort, the SR group delivered at a significant-
ly later gestational age (37.49+3.22 vs. 35.63+1.78 weeks,
P<0.001) and had a markedly lower rate of preterm birth
(30.6% vs. 83.5%, P<0.001). The cesarean delivery rate was
also significantly lower in the SR group (71.0% vs. 96.8%,
P<0.001). The smaller birth weight was higher in the SR group
(3,063.33t716.92 vs. 2,251.06+508.81 g, P<0.001), and the
rate of any LBW was substantially lower (17.7% vs. 65.2%,
P<0.001). The overall rate of any pregnancy complication did
not differ between groups (24.2% vs. 20.5%, P=0.508), nor did
rates of hypertensive disorders of pregnancy (P=0.339) or pre-
mature rupture of membranes (P=0.501). Glucose metabolism
abnormalities could not be formally tested due to the small
number of events. Perinatal outcomes for the MZT cohort are
summarized in Table 5.

Discussion

This study analyzed risk factors for SR and compared perina-
tal outcomes in a large single-center cohort of ART-conceived
twin pregnancies, and developed and internally validated an SR
prediction model in the DZT cohort. The findings suggest that
SR is not a random occurrence but is closely tied to maternal
age, embryo characteristics, and treatment cycle factors.

Interpretation of risk factors for SR

Advanced maternal age (=35 years) was the strongest inde-
pendent risk factor for SR in this study (aOR=3.00), consistent
with previous reports describing older maternal age in VTS
populations [9, 11]. The biological rationale is reasonably
straightforward: as women age, the rate of oocyte aneuploidy
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rises and the proportion of chromosomally abnormal embryos
increases, raising the likelihood of early embryonic arrest. In a
twin pregnancy, this may manifest as one embryo failing to de-
velop further. Older age may also be accompanied by reduced
endometrial receptivity, which could further compromise early
placental establishment.

Frozen-thawed cycle type had the largest effect size in the

Table 4. Baseline and treatment characteristics of the monozygotic
twin group.

Variable (l:c;n;i;) SR (n=62) Pvalue
Maternal age (years) 30.76 £4.28 31.73+4.45 0.098
BMI(kg/m?) 2249 +3.25 22.43+2.76 0.887
No. of previous 0444072 0.69+129 0.131
miscarriages
Advanced maternal age
(=35 years), n (%) 0.109

No 366 (82.6) 46 (74.2)
Yes 77 (17.4) 16 (25.8)

Infertility type, n (%) 0.301
Primary infertility 224 (50.6) 27 (43.5)
Secondary infertility 219 (49.4)  35(56.5)

Hlstgry of previous mis- 0.518

carriage, n (%)

No 297 (67.0) 39 (62.9)
Yes 146 (33.0) 23 (37.1)

Infertility factors, n (%)

Pelvic factor 239 (54.0) 28(45.2) 0.222

Tubal factor 153 (34.5) 20(32.3) 0.723

Endometriosis 41 (9.3) 7(11.3) 0.609

Ovulatory disorder /g1 153y (145 0468
ovarian factor

Uterine factor 28 (6.3) 9 (14.5) 0.033

Other factors 55 (12.4) 9(14.5) 0.641

No female factor 46 (10.4) 10(16.1)  0.177

Male factor infertility ~ 100 (22.6) 18 (29.0)  0.260
Embryonic developmen- 0.332
tal stage, n (%)

D2/D3 (cleavage

stage) 18 (4.0) 4(6.5)
D5/D6 (blastocyst 425(96.0) 58 (93.5)

stage)

No. of embryos trans-

ferred, n (%) 0.434
1 266 (60.1) 34 (54.8)

) 177 (39.9) 28 (45.2)

Embryo quality, n (%) 0.652
Good quality 401 (90.5) 55(88.7)
Non-good quality 42 (9.5) 7(11.3)

Fertilization method, n (%) 0.128
IVF 307 (69.3)  37(59.7)

ICSI 136 (30.7) 25 (40.3)

Cycle type, n (%) 0.392
Fresh cycle 80 (18.1) 14 (22.6)
Frozenthawed cycle 363 (81.9) 48 (77.4)

Note: Continuous variables are presented as mean + SD; categorical
variables as n (%). Infertility factor categories are defined as in Table 1.
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Table 5. Comparison of perinatal outcomes in the monozygotic twin
group.

Variable Non-SR SR P value

Gestational age at
delivery (weeks)

35.63+1.78 37.49+3.22 <0.001

Preterm birth, n (%) 370 (83.5) 19 (30.6) <0.001
Cesarean delivery,n (%) 429 (96.8) 44 (71.0) <0.001
Smaller birth weight (g) 325%18%61’ fg?%‘?;‘g <0.001

Any LBW (<2500 g),n (%) 289 (65.2)  11(17.7) <0.001
Birth weight L L
discordance =20%, n (%) 53(12.0)
Any complication, n (%) 91 (20.5) 15(24.2) 0.508
Hypertensive disorders
of pregnancy, n (%) 40 (9.0) 3(4.8)  0.339
Glucose metabolism
abnormality, n (%) 27(6.7) 3(48)
Premature rupture of 21 (47) 1(1.6) 0.507

membranes, n (%)

model (aOR=3.33). These cycles are often used when fresh
transfers have previously failed or when endometrial prepara-
tion is needed, and the patients selected for them may already
carry a higher background risk of early pregnancy complica-
tions. Beyond patient selection, individual variation in em-
bryo-endometrial synchrony during frozen-thawed transfer may
affect the stability of early placentation [24]. Blastocyst-stage
transfer (aOR=3.05) was also associated with higher SR risk.
Two explanations seem plausible: first, blastocysts implant
more efficiently and are more likely to be identified as twin
pregnancies on the initial ultrasound, making subsequent SR
easier to detect on follow-up; second, patients selected for
blastocyst transfer may represent more complex treatment
histories that independently carry higher SR risk [18, 22].
Non-good-quality embryos (aOR=1.79) and ICSI (aOR=1.56)
were both independently associated with SR, pointing toward
embryo developmental potential as a common underlying
theme. Embryos of lower morphological quality may have lim-
ited capacity to sustain development after implantation. For
ICSI, the association may partly reflect the characteristics of
the patient population — particularly those with severe male
factor infertility — rather than the procedure itself [18, 22]. A
history of previous miscarriage (aOR=1.32) may reflect under-
lying endometrial dysfunction that compromises early implan-
tation stability.

The inverse association between transferring =2 embryos and
SR risk (aOR=0.53) requires some clarification. This study en-
rolled only patients with confirmed twin pregnancies, so the
comparison concerns who among established twin pregnan-
cies is more likely to undergo SR, not who is more likely to form
a multiple pregnancy in the first place. When two embryos are
transferred, clinicians may select a better-matched embryo
combination, or follow-up management for these patients may
differ in ways that contribute to greater twin pregnancy sta-
bility. BMI showed a weak association with SR on univariable
analysis but lost significance after adjustment, suggesting it
may act through shared pathways with age or cycle strategy
rather than as an independent contributor. Secondary infertility
was associated with lower SR risk (aOR=0.67), possibly be-
cause these patients have had at least one prior live birth and



may have a more favorable baseline endometrial environment,
though the underlying mechanism warrants further study.

Perinatal outcomes after SR

The SR group delivered at a later gestational age and had
substantially lower rates of preterm birth and low birth weight
compared with the ongoing twin group. This is broadly consis-
tent with published systematic reviews showing that perinatal
outcomes in SR-survivor pregnancies tend to be better than
those in continuing twin pregnancies, while remaining some-
what worse than in pregnancies that were singletons from the
start [9-10]. Early exposure to a twin implantation environment
and the more complex placental bed remodeling that accom-
panies it may have lasting effects on placental function in the
surviving fetus. The higher proportions of advanced mater-
nal age and frozen-thawed cycles in the SR group may also
independently contribute to perinatal risk. The higher rate of
glucose metabolism abnormalities in the SR group (8.0% vs.
3.7%) alongside the lower rate of premature rupture of mem-
branes (2.2% vs. 5.1%) suggests that the complication profile
of SR-survivor pregnancies may have some distinctive features
that deserve further investigation.

Prediction model performance and clinical implications

The DZT-SR prediction model was built entirely from variables
available through routine clinical assessment. Internal valida-
tion yielded an AUC of 0.857, with sensitivity and specificity
both exceeding 0.82 at the optimal threshold. Calibration and
DCA net benefit were both acceptable. After stratifying by pre-
dicted probability tertiles, observed SR rates rose from 8.3%
in the low-risk group to 77.9% in the high-risk group, providing
a practical basis for tailoring follow-up intensity in early preg-
nancy. Women in the low-risk group can be managed with
standard follow-up, while those in the high-risk group may
benefit from shorter ultrasound intervals, closer monitoring for
gestational sac development and intrauterine hematoma, and
additional psychological support. The model should be used
as a risk stratification aid rather than a definitive diagnostic
tool, and clinical judgment remains essential.

Limitations and future directions

Several limitations should be noted. First, the retrospective
single-center design introduces the potential for selection
and information bias. Second, SR was not subclassified by
whether only a gestational sac disappeared or whether cardiac
activity had already been detected before arrest, which may
affect incidence estimates. Third, data on chorionicity, ovarian
stimulation protocol, luteal support regimen, first-trimester
intrauterine hematoma, and embryo genetic testing results
were unavailable, limiting mechanistic interpretation. Fourth,
the MZT cohort was too small to support reliable multivariable
modeling. Fifth, only internal validation was performed, and the
model's generalizability needs to be tested in external cohorts.
Future work could address these gaps through multicenter
prospective studies with standardized SR definitions and fol-
low-up protocols; by incorporating chorionicity, intrauterine
hematoma, and embryo genetic information to explore biolog-
ical mechanisms; by externally validating the model and trans-
lating it into more accessible formats such as a nomogram or
online calculator; and by accumulating larger MZT samples to
enable a more rigorous comparison of SR patterns and perina-
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tal outcome profiles between MZT and DZT pregnancies.

Conclusion

This study found that SR in ART-conceived twin pregnancies
is independently associated with advanced maternal age,
history of previous miscarriage, blastocyst-stage transfer,
non-good-quality embryos, ICSI, and frozen-thawed cycles,
while secondary infertility and transfer of =2 embryos were as-
sociated with lower SR risk. Perinatal outcomes in SR-survivor
pregnancies were better than those in ongoing twin pregnan-
cies overall, though the higher rate of glucose metabolism ab-
normalities points to a somewhat distinct complication profile.
The DZT-SR prediction model, built on nine routinely available
clinical variables, showed good internal validation perfor-
mance (AUC=0.857) and clear risk stratification ability, and
may support individualized follow-up planning in early preg-
nancy. Multicenter prospective studies and external validation
are needed to strengthen the evidence base and improve the
model's broader applicability.
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