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Abstract

Objective: The purpose of this study was to develop a dynamic nomogram model to predict the risk of spontaneous preterm

birth at <32 weeks in twin pregnancy. Design: A retrospective analysis and multicentre validation study Setting and Population:

Women with twin pregnancies followed up in two tertiary medical centres from January 2017 to March 2019. Methods: Data

on maternal demographic characteristics, transvaginal cervical length and funneling were extracted. The prediction model was

constructed with independent variables determined by logistic regression analyses. The risk score was calculated according to

the dynamic nomogram model. Main outcome measures: The risk of spontaneous preterm birth at <32 weeks in twin pregnancy.

Results: In total, 1065 twin pregnancies were eligible for the study, of which the data of 764 cases (92 twin preterm cases (<32

weeks) and 672 control cases) were obtained from a tertiary medical centre as the training group and those of 301 cases (36

twin preterm cases (<32 weeks) and 265 control cases) from the other tertiary medical centre as the external validation group.

Based on logistic regression analyses, we built a dynamic nomogram model with satisfactory discrimination in both the training

group(C-index: 0.856, 95% CI: 0.813-0.899) and external validation group(C-index: 0.808, 95% CI: 0.751-0.865). The restricted

cubic splines and ROC curve supported the performance of the prediction model. Conclusions: We developed and validated a

dynamic nomogram model to predict the individual probability of preterm birth in twin pregnancy at <32 weeks.

ABSTRACT(240 words)

Objective: The purpose of this study was to develop a dynamic nomogram model to predict the risk of
spontaneous preterm birth at <32 weeks in twin pregnancy.

Design: A retrospective analysis and multicentre validation study

Setting and Population: Women with twin pregnancies followed up in two tertiary medical centres from
January 2017 to March 2019.

Methods: Data on maternal demographic characteristics, transvaginal cervical length and funneling were
extracted. The prediction model was constructed with independent variables determined by logistic regres-
sion analyses. The risk score was calculated according to the dynamic nomogram model.

Main outcome measures: The risk of spontaneous preterm birth at <32 weeks in twin pregnancy.

Results: In total, 1065 twin pregnancies were eligible for the study, of which the data of 764 cases (92
twin preterm cases (<32 weeks) and 672 control cases) were obtained from a tertiary medical centre as the
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training group and those of 301 cases (36 twin preterm cases (<32 weeks) and 265 control cases) from the
other tertiary medical centre as the external validation group. Based on logistic regression analyses, we built
a dynamic nomogram model with satisfactory discrimination in both the training group(C-index: 0.856, 95%
CI: 0.813-0.899) and external validation group(C-index: 0.808, 95% CI: 0.751-0.865). The restricted cubic
splines and ROC curve supported the performance of the prediction model.

Conclusions: We developed and validated a dynamic nomogram model to predict the individual probability
of preterm birth in twin pregnancy at <32 weeks.

Funding: This research was supported by Fujian Key Laboratory of Women and Children’s Critical Diseases
Research [Fujian Maternity and Child Health Hospital], along with funds from Fujian Maternity and Child
Health Hospital Innovation Project under Contract No.YCXZ18-21.

Keywords: Twin pregnancy, spontaneous preterm birth, dynamic nomogram, risk score, cervical length,
cervical funneling

Tweetable Abstract: We developed a reliable and user-friendly prediction model for spontaneous preterm
birth at <32 weeks in twin pregnancy. It can assists the counselling and decision-making of clinical treatment
for twin pregnancy with differing risks of PTB.

1| INTRODUCTION

Complications of preterm birth (PTB) are the primary cause of death among children in the first 5 years
of life, accounting for approximately 35% of deaths among new-borns and 18% of all paediatric deaths.1

Twin gestations are increasing in number and currently account for 3% of all live births and approxi-
mately 15-20% of all PTBs.2 The incidence of PTB is 6-8 times higher in twin pregnancy than in singleton
pregnancy.3Approximately 70% of twins are born preterm due to preterm premature rupture of membranes or
spontaneous labour, while others result from an iatrogenic delivery indicated by monochorionicity, preeclamp-
sia or other maternal or foetal disorders.4,5

Regarding preterm babies, longer gestational age at birth is associated with better prognosis. The EPIPAGE-
2 cohort study demonstrated that the survival rates at 22-26, 27-31, and 32-34 weeks of gestation are 51.7%,
93.1%, and 98.6%, respectively.6 Compared with singletons, twins born preterm (before 32 weeks of gestation)
are at twice the risk of high-grade intraventricular hemorrhage and periventricular leucomalacia.7 Therefore,
better prediction, prevention, and management of PTB is necessary to improve the quality of maternal and
neonate care.

To date, strategies for the prevention of PTB in twin pregnancy, such as the use of vaginal progesterone, a
cervical pessary and a cervical cerclage, remain controversial or are considered to have limited effects.5, 8-14

To address the growing desire for better guidance for clinical practice, it is a prerequisite to distinguish the
patients who are at an increased risk of extreme and very-PTB among the whole twin-pregnancy population,
as follow-up treatment may be associated with greater benefit than workload in this high-risk population.

As a demonstrably available and reproducible method, cervical assessment with transvaginal ultrasonography
has been increasingly used.15-17 Cervical shortening and cervical funneling are associated with a higher risk
of preterm delivery.18-24 However, the predictive accuracy of cervical length for PTB in twin pregnancies are
conflicting. Its isolated use as a screening tool has limited value due to low sensitivity.16, 25, 26 In addition,
previous research has demonstrated that the risk of PTB is also affected by maternal demographic features,
such as ethnic origin, age, primiparity, chorionicity, prepregnancy body mass index (BMI) and history of
previous preterm delivery or late-term abortion.27-32In a sense, twin gestation itself is one of the strongest
risk factors for PTB.4,33 Assessment of the individual maternal prognosis requires clinicians to consider an
array of maternal demographic factors and clinical variables that may be clinically challenging to synthesize.
However, the relative contribution of certain characteristics to a given individual’s likelihood of preterm birth
and whether or how these features may interact remain poorly understood.

Thus, instead of complicating the clinicians’ lives with close monitoring and administration resulting from
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an undefined or inherently subjective risk assessment, it would be useful to invest our research efforts in
developing a simple and practical algorithm to calculate a risk assessment of PTB for twin pregnancies,
similar to the first trimester genetic disease screening tools or the Framingham heart disease score.34

The purpose of this study is to improve our collective understanding of valuable predictive factors related to
preterm birth of twin gestation. We then used these factors to develop and validate the prediction model of
spontaneous PTB (SPTB) at <32 weeks to provide a comprehensive risk estimation as a clinical assessment
tool.

2 | MATERIALS AND METHODS

2.1| Study population

We retrospectively collected data for 1580 consecutive women with twin pregnancies in the Fujian Maternity
and Child Health Hospital (with 1000 beds and an annual delivery number of more than 20,000) and the
Fujian Provincial Hospital (with 2398 beds and an annual delivery number of more than 5000) from January
2017 to December 2019; 1065 of these cases were eligible for participation.

Subjects with any of the following conditions were excluded: uncertain pregnancy date, maternal or foetal
indications for iatrogenic PTB at <32 weeks, twin birth weight <500 g, gestational age at birth <24 weeks,
genetic or structural abnormalities of either foetus, stillbirth of one or two foetuses, monoamniotic or mono-
chorionic twin pregnancy complicated by twin transfusion syndrome (TTTS) or twin anaemia–polycythaemia
sequence (TAPS), placement of cervical cerclage, incomplete maternal data, or delivery at a medical centre
other than ours. Women who gave birth before 24 weeks were excluded because, in most cases, these women
are likely to represent a unique subgroup of women whose cervical changes would be detected very early and
extremely obvious. Additionally, these women would not have had their cervical measurement at the indi-
cated gestational stage in our study period, which is a major part of our research. As a result, we excluded
515 patients who met the exclusion criteria, and thus, 1065 patients met the inclusion criteria (Figure 1).

We assigned 764 samples collected from the Fujian Maternity and Child Health Hospital as the training group
and 301 samples collected from the Fujian Provincial Hospital as the external validation group. All samples
were reassessed by two obstetricians according to the inclusion and exclusion criteria (the flowchart showing
the derivation of the development cohort and validation cohort is presented in Figure 1). The institutional
ethical review boards of both included hospitals approved this retrospective analysis of anonymous data, and
the requirement for informed consent was waived by the ethics review boards.

2.2| Data collection

Data were extracted from the medical charts. Demographic characteristics included maternal age, prepreg-
nancy body mass index (prepregnancy BMI), nulliparity, history of previous cervical surgery, history of
smoking, clinical data including validation of gestational age by first trimester ultrasound, chorionicity,
history of previous preterm or late abortion, complications during pregnancy, use of assisted reproductive
technology, cervical length (20-24 weeks) and cervical funneling, gestational age at delivery.

Gestational age was calculated from the last menstrual period (LMP) and confirmed by the foetal crown-
rump length measurement at the first trimester ultrasonic scan. If a discrepancy of more than 7 days was
observed, the sonographic gestational age was followed. Chorionicity was confirmed by identifying lambda
and T signs with ultrasound imaging between 11+0 and 13+6 weeks of gestation.21

All patients underwent transvaginal cervical length (TVCL) measurements between 20-24 weeks prior to
viability and at a gestational age when the optimal image of the cervix was relatively easy to capture. The
TVCL measurements of all subjects were performed by experienced sonographers at our ultrasound units.
The ultrasound assessment was performed to measure the length of the cervical canal from the internal os to
the external os and observe whether the cervical funneling appears with patients in the lithotomy position
with an empty bladder. The measurement was repeated under fundal pressure or the Valsalva manoeuvre
unless severe cervical shortening was observed.16 In addition, all the ultrasonic reports were reviewed in
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detail for information on the presence, shape and length of cervical funneling; the length of the closed part
of the cervix; and changes in cervical funneling and the closed part in response to increased abdominal
pressure.23

2.3| Statistical analysis

Model development

Quantitative data are expressed as the median (interquartile range, IQR), and qualitative data are expressed
as the number (percentage). The Wilcoxon-Mann-Whitney test or Fisher’s exact test was performed to
measure the distribution differences of variables between the development and external validation groups.
Univariate and multivariate logistic regression analysis was used to detect the correlation between clinical
variables and preterm birth at 28 weeks, 32 weeks, and 34 weeks by applying a backward procedure based on
the Akaike information criterion (AIC). By drawing the ROC curve of the predicted probabilities of SPTB
before three gestational weeks(28, 32, 34 weeks) with multivariate meaningful variables, the prediction power
for SPTB before the three gestational weeks was compared. Based on these results, a nomogram model with
higher predictive performance was established.

Model validation

The performance of the nomogram models in identification and calibration was evaluated. The discriminative
ability and predictive ability of the model are evaluated through Harrell’s C-index, and external crowds are
introduced to further evaluate the predictive value of the model. The calibration curve was analysed by
drawing the predicted probability of the nomogram and the actual occurrence of SPTB. Restricted cubic
splines were used to evaluate the correlation between the model’s predicted score and the risk value of preterm
birth. And the Kaplan-Meier curve was used to compare the differences between different risk groups. ROC
curve analysis was also used to compare the prediction performance of the nomogram prediction model and
the univariate model.

Statistical analyses were all performed with R 3.6.0 software (R Foundation, Vienna, Austria). A two-sided
P-value < 0.05 was considered to indicate statistical significance.

3 | RESULTS

Characteristics of the development and external validation groups

Totally 1065 twin pregnancies were eligible for the study, of which 764 collected from the Fujian Maternity and
Child Health Hospital were assigned to the training group, while 301 from the Fujian Provincial Hospital were
into the external validation group (Figure 1). In the whole study population, the number of positive cases
of SPTB at <28, 32, 34 and 37 weeks were 32(3.0%), 150(13.8%), 221(20.4%) and 639(58.9%), respectively.

Supplementary Table 1 lists the maternal demographic and clinical characteristics of the twin pregnancies in
the training and external validation groups. There were no significant differences in these features between
the training and validation groups (all P> 0.05), indicating that the characteristics of the training and
external validation groups were similar and that subsequent external validation would be representative.

Predictive factors associated with SPTB at < 32 weeks

In the training group, we conducted univariate and multivariate regression analysis to detect the correlations
between clinical variables and probabilities of preterm delivery before 28 weeks, 32 weeks, and 34 weeks
by applying the AIC-based backward procedure repectively (Table 1). Then we constructed three ROC
curves for predicting SPTB according to the results of multivariate analysis. By comparing the AUCs, we
found that the predicted value for SPTB at < 32 weeks was the highest (Supplementary Figure 1). After
comprehensively considering the predictive power and the number of positive cases of PTB before the there
gestational weeks(the number of positive cases who delivered before 28 weeks was significantly less than
10 times that of multivariate meaningful variables), we finally chose to establish a predictive model for
predicting PTB at < 32 weeks. Multivariate logistic regression analysis (<32 weeks) showed that nulliparity,
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monochorionicity, prepregnancy BMI, previous preterm birth or late abortion, cervical funneling and shorter
cervical length were independent risk factors for SPTB at < 32 weeks.

Development and validation of a dynamic nomogram for SPTB at < 32 weeks

Based on meaningful independent factors in multivariate regression analysis, we developed a nomogram to
predict the SPTB probability at < 32 weeks (Figure 2). Each point could be determined based on the
intersection of the vertical line from the variable to the point axis. Then, the total risk score was calculated
by adding each variable point. The possibility of twin SPTB at <32 weeks could be read on the total point
axis.

Furthermore, a user-friendly dynamic predicative nomogram was established and available on-
line(https://zhanwenqiang.shinyapps.io/DynNomapp/). The dynamic nomogram conveniently provided in-
dividual probability of SPTB which was calculated automatically by the input characteristics of each subject
(Supplementary Figure 2). The Harrell’s concordance index value of the nomogram model in the training
group was 0.856 (95%CI: 0.813-0.899). Calibration plots demonstrated that the nomogram was well cali-
brated, with favourable agreement between the nomogram-predicted probabilities and the actual probabilities
of SPTB at <32 weeks (Supplementary Figure 3A). When applied to the external validation group, the Har-
rell’s concordance index value of the nomogram model in the external group was 0.808 (95%CI: 0.751-0.865).
The calibration curves indicated that the probability predicted by the nomogram was in good agreement
with the actual observation results (Supplementary Figure 3B).

Risk stratification and model performance test

Next, based on the nomogram, the restricted cubic spline curve showed the risk escalated continuously with
the increasing scores obtained from the nomogram, which supports the reliability of the model(Supplementary
Figure 4). With the ROC curve, the optimal cut-off value of risk score(124.76) was calculated based on
the maximum Youden index(Supplementary Figure 5). Then the cut-off value categorized the training
population into the low risk group (163 twin pregnancies with risk score [?] 124.76) and the high risk
groups (601 twin pregnancies with risk score > 124.76), respectively(OR = 17.21, 95% CI(10.30-28.76), P
<0.001)(Supplementary Table 2). A sensitivity of 73.91%, specificity of 85.86%, false positive rate of 14.14%
and negative predictive value of 96.01% were reached by the nomogram model. Through the comparison of
the survival curves of the high and low risk groups, we observed the probability of SPTB in the high risk
group was significantly higher than that in the low risk group (HR = 2.59, 95% CI (2.03-3.30), P <0.001),
and the gestational age at delivery was significantly earlier in the high risk group (Supplementary Figure 6).

Comparing the prediction performance between the nomogram model and individual predic-
tors

In the training group, the AUC of the nomogram predicting the probability of SPTB at < 32 weeks was 0.856
(95%CI: 0.813-0.899), while the AUC of the six meaningful variables was 0.569 to 0.727. The results showed
that the prediction accuracy of the nomogram was significantly higher than that of any single variable(all
P¡0.05). The external validation group also proved the advamtage of the nomogram on predictive accuracy.
The AUC of the nomogram in the external verification set was 0.808 (95%CI: 0.751-0.865), which was
significantly higher than that of either single variable in the model(all P¡0.05)(Figure 3).

4 | DISCUSSION

Main Findings

In this retrospective analysis and multicentre validation study, we developed a predictive model of SPTB at
<32 weeks based on maternal characteristics and sonographic cervical measurements to provide an accurate
and comprehensive risk estimation, which can help physicians make informed treatment decisions about
further administration and management of twin pregnancy as an assessment tool.

Strengths and Limitations
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To our knowledge, this is the first study to develop a predictive nomogram for PTB of twin gestations and
a web-based calculator to improve the approachability of the prediction model. Our model could synthesize
the most relevant risk factors for PTB, such as nulliparity, pre-pregnancy BMI, history of PTB or late
abortion, chorionicity, cervical funneling and cervical length, and generate a risk percentage number for
each patient, which had a predictive accuracy (AUC 0.856 [95% CI: 0.813-0.899]) significantly that was
higher than that of either variable alone. The strengths of the study include the detailed, standardized data
collection, high rate of follow-up and efficient statistical analysis. Based on the model, we could provide
reliable risk estimation for clinical counselling, therapy decision-making, and follow-up strategies, rather
than complicating the clinicians’ lives with close monitoring and administration resulting from an undefined
or inherently subjective risk assessment. All data pertaining to characteristics in our study can be easily
obtained in the obstetric units where the cervical assessment has been well standardized, and these data
were obtained by well-trained specialists throughout the study period. Moreover, external validation and
restricted cubic splines supported the test performance.

On the other hand, the present study has some limitations. Most importantly, our study is limited by its
retrospective design. There is a possibility of confounding bias: patients with unmeasured or unobservable
factors who were excluded may represent patients at higher risk. Second, the sample number of marginal
risk scores is relatively insufficient, which limits generalizability because it might not fully reflect the actual
situations of patients at the highest risk and who are may be the most clinically interesting population. Last,
the study population in the two centres is limited to our own population (Asian). This potential limitation
may also be considered as a strength. All women included in the study were followed up and treated only
in the two tertiary medical centre, which limits confounding factors associated with the heterogeneity in
provider bias, such as clinicians’ experience, and differences in process of monitoring and management for
offering the intervention.

Interpretation

The reason why we comprehensively took all above factors into account to build the model was that the pre-
dictive performance of single cervical measurement is not satisfied.16, 25, 26 The mechanism of PTB in twin
maternity is subjected to various mechanical stimuli (two continuously growing foetuses and the expand-
ing uterus) and biochemical stimuli (inflammatory factors, fetoplacental signals and steroid hormones).35, 36

There seem to be structure-function associations between SPTB and cervical microstructure, geometry,
and mechanical function, which are not fully understood.37Recently, researchers proposed a new conceptual
framework for the theory of PTB in which a maternal clinical phenotype potentially related to a certain peri-
natal outcome is characterized by a series of common clinical characteristics observed during pregnancy.27, 38

Demographic factors such as age, race, BMI, history of PTB, previous uterine surgeries, smoking, and preva-
lence of PTB in that specific area may indicate the initial states and variations in the cervix, including
geometry and mechanical function, which increase the risk of cervical insufficiency. All these risk factors
have their interconnected effects and a computational framework in changing and remodelling the cervix.39-42

However, it has been argued that maternal factors or cervix geometry (including length) alone do not perform
well in PTB risk assessment, primarily due to poor sensitivity.16, 25, 26, 43 In our study, we specifically
investigated the role of cervical measurement data and maternal demographic characteristics on SPTB
probability at < 32 weeks. By doing so, we have found that nulliparity, monochorionicity, lower prepregnancy
BMI, previous preterm birth or late abortion, cervical funneling and shorter cervical length confers an
increased risk of PTB at <32 weeks and then build the nomogram.

By our predition model, clinicians can counsel the patients and define the follow-up schedule according
to a patient’s individual risk of PTB. Thus, the ability to identify patients at higher risk for SPTB will
assist us to schedule tighter follow-ups or administer targeted interventions such as antenatal corticosteroid
administration, tocolytic therapy and transfer to a tertiary medical centre and reduce overtreatment to those
at lower risk. Further clinical trials are warranted to validate and improve its diagnostic performance, and
the corresponding online calculator can be updated and serve as a basic screening tool for clinical practice
and subsequent research.
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5 | CONCLUSION

We developed the first nomogram and online tool that accurately predicts the risk of SPTB at <32 weeks
in twin pregnancy, whose screening performance has been found to be superior to either risk factor alone.
It can provide application value to complement the existing clinical evidence, which assists the counselling
and decision-making of clinical treatment for twin pregnancy with differing risks of PTB.
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