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Preterm birth trends and risk factors in a multi-ethnic Asian population:

A retrospective study from 2017 to 2023, can we screen and predict this?
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ABSTRACT

Introduction: Preterm birth (PTB) remains a leading cause
of perinatal morbidity and mortality worldwide.
Understanding Singapore’s PTB trends and associated
risk factors can inform effective strategies for screening
and intervention. This study analyses PTB trends in
Singapore from 2017 to 2023, identifies risk factors in this
multi-ethnic population and evaluates a predictive model
for PTB.

Method: A retrospective analysis of all PTBs between
22+0 and 36+6 weeks of gestation, from 1 January 2017
to 31 December 2023, was performed by extracting
maternal and neonatal data from electronic medical
records. These PTBs were taken from the registry of births
for Singapore and SingHealth cluster data. Cochran-
Armitage trend test and multinomial logistic regression
were used. An extreme gradient boosting (XGBoost)
model was developed to test and predict the risk
of PTB.

Results: The PTB rate in Singapore did not show a
significant change. However, there was modest
downward trend in the SingHealth population from
11.3% to 10.2%, mainly in late spontaneous PTBs
(sPTBs). sPTBs accounted for ~60% of PTBs. Risk factors
for very/extreme sPTB included Chinese ethnicity, age
>35 years, body mass index (BMI) =23 kg/m?, being
unmarried, primiparity, twin pregnancy and maternal
blood group AB. The XGBoost model achieved an area
under the receiver operating characteristic curve of 0.75,
indicating moderate ability to predict PTB.

Conclusion: The overall PTB rate in Singapore has not
improved. This study underscores the importance of
local factors, particularly advanced maternal age, BMI,
primiparity, unmarried, Chinese ethnicity and maternal
blood group AB influencing PTB risk. Artificial intelligence
methods show promise in improving PTB risk stratification,
ultimately supporting personalised care and intervention.

Keywords: obstetrics and gynaecology, preterm birth,
prediction model, risk factors, Singapore, trends

CLINICAL IMPACT

What is New

e The incidence of preterm birth (PTB) globally (10%)
and in Singapore (8.1%) has not improved in the
last 10 years.

e Using artificial intelligence, we have modestly
improved the predictive risk for spontaneous PTB.
Notable risk factors include Chinese ethnicity,
single mother and maternal blood group AB.

Clinical Implications

e Our findings can better guide risk stratification and
predict the population at risk of spontaneous PTB.
This will improve neonatal outcomes through targeted
management, monitoring and early intervention.

INTRODUCTION

Preterm birth (PTB), defined by the World Health
Organization as delivery before 37 weeks of gestation,
is the primary contributor to perinatal morbidity and
mortality worldwide.™* Despite advances in clinical
and public health interventions, global PTB rates have
remained relatively constant at approximately 10%.*
Rates vary by region and ethnicity; for instance, the
US reported a 10.4% PTB rate in 2022,° the UK 7.6%
in 2021, and the Netherlands 6.9% in 2015.7 While
there have been slight decreases in some regions,
disparities persist.® In Asia, PTB rates also differ
widely; Bangladesh (16.2%), Pakistan (14.4%) and India
(13.0%) report higher rates, while China’s rate is lower
(6.1%).* Singapore’s PTB rate was 8.12% in 20237
Ethnic disparities in PTB are well-documented in
countries such as the US and UK, where black women
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experience disproportionately higher PTB rates.'0"2
Singapore’s population comprises 74.0% Chinese,
13.5% Malay, 9.0% Indian and 3.4% from other
ethnicities,’ but the role of ethnicity in Singapore’s PTB
rates has not been explored in detail previously.

PTB can be further categorised by gestational age:
(1) extreme preterm birth (ExXPTB, <28 weeks), (2)
very preterm birth (VPTB, 28 to <32 weeks), (3) late
preterm (32 to <37 weeks). Although most PTBs
occur in the late preterm category,” ExPTB and vPTB
are disproportionately linked to mortality and severe
long-term complications.’" PTB is also subdivided
by clinical subtype into (1) iatrogenic PTB (iPTB),
where delivery is indicated for maternal or foetal
reasons, and (2) spontaneous PTB (sPTB), which
includes spontaneous labour or pre-labour premature
rupture of membranes (PPROM)."#1®

A history of PTB is the strongest risk factor for recur-
rent PTB."*' Maternal age over 35 years, abnormal
body mass index (BMI), tobacco use, single marital
status and medical comorbidities have all been linked
to an increased risk of PTB."*2%-% Short interpregnancy
intervals (<6 months) further increase PTB risk.?’:?% In
multiple pregnancies, especially twins, PTB rates can
be as high as 60%, with ~40% being spontaneous.™
Emerging research also suggests an association
between maternal ABO blood group and PTB.?%%
Given the multifactorial aetiology of PTB and its
significant burden on neonates, the healthcare system
and families, a deeper understanding of local PTB
risk profiles is needed to develop timely and targeted
interventions. This study represents the first large-
scale analysis of PTB in a large multi-ethnic, high-
income Asian setting (Singapore), focusing on trends
and risk factors. We used our findings to develop a
predictive model for screening high-risk women. To
our knowledge, this is the first study to include
maternal blood group in a large multi-ethnic popula-
tion using machine learning methods to predict risk
of sPTB.

METHOD

Study design and setting

This retrospective cohort study analysed all PTBs
between 22+0 and 36+6 weeks of gestation within
the Obstetrics units of SingHealth institutions, namely,
the 2 restructured hospitals—KK Women’s and
Children’s Hospital (KKH) and Singapore General
Hospital (SGH)—from 1 January 2017 to 31 December
2023. Both hospitals provide a significant portion of
Singapore’s maternity and neonatal care, including
the management of early gestational deliveries. Prior
to 2017, paper notes formed the majority of data
many of which were incomplete, and it was decided
to use electronic data from 2017 to the present to best
predict trends in PTB. The Singapore PTB was obtained
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from the births and deaths registry published by the
Immigration and Checkpoints Authority of Singapore.

Data collection

We extracted maternal and neonatal data from
electronic medical records. Collected variables
included (1) maternal factors: age, ethnicity, parity,
booking BMI, blood group, marital status, obstetric
history (previous PTB and PPROM), medical conditions
(hypertension, diabetes), cervical surgery history, use
of cerclage or progesterone, smoking, illicit drug
use, and interpregnancy interval; (2) pregnancy and
delivery details: gestational age, mode of delivery,
clinical subtype of PTB (spontaneous or iatrogenic),
singleton or twin pregnancy; (3) neonatal outcomes:
birth weight, sex and neonatal intensive care unit
admission; (4) socioeconomic status: data for this were
incomplete. Private and subsidised care was initially
thought of to differentiate financial status. However,
this was challenging to differentiate in the context of
KK Women’s and Children’s Hospital and Singapore
General Hospital, as almost all private patients opted
for subsidised status when admitted to both hospitals.
This was due to the high differential costs of neonatal
care between the 2 groups of patients. As such, average
household income among the different ethnicities as
determined by the Singapore Depart-ment of Statistics
Census of Population 2020 was used as proxy.

Inclusion and exclusion criteria

We included PTBs between 22+0 and 36+6 weeks
of gestation. For multiple pregnancies, only twin
gestations were included; higher-order multiples were
excluded due to their distinct risk profile and rarity.

Classification of PTBs

PTBs were categorised by gestational age into
(1) ExPTB: <28 weeks, (2) vPTB: 28 to <32 weeks, (3)
late preterm: 32 to <37 weeks. Given their significant
contribution to neonatal complications but with their
comparatively smaller numbers, ExPTB and vPTB
were grouped together for analysis in this paper.®"’
PTBs were also classified by clinical subtypes into (1)
sPTB: onset of labour or PPROM before 37 weeks;
(2) iPTB: deliveries induced due to maternal or foetal
complications.

Statistical analysis

Categorical variables were presented as frequencies
and percentages. Maternal age was grouped as <30,
30-34 and =35 years. Booking BMI was divided into
<23 kg/m? and =23 kg/m? using Asian cut-off points.*’
Race was categorised into Chinese, Malay, Indian and
Others. Parity was classified as 1 (primiparous), 2 and =3
births (multiparous including current pregnancy). Marital
status was dichotomised into married versus (vs) single/
divorced, and birth type into singleton vs twin.
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We used the Cochran-Armitage trend test to assess
yearly PTB incidence trends. Multinomial logistic
regression was performed to examine risk factors for
late PTB vs term birth, and ExPTB/vPTB vs term birth.
Odds ratios (ORs) with 95% confidence intervals (Cls)
are reported.

Development of the prediction model

A risk score prediction model for sPTB was developed
based on the identified risk factors, using an extreme
gradient boosting (XGBoost) classifier. XGBoost
operates by sequentially expanding an ensemble
of decision tree models, with each new tree model
correcting for residual errors from the previous
ensemble. The training of the ensemble is performed
with gradient descent optimisation to minimise
prediction error. The XGBoost classifier was first
trained on the training set with 5-fold cross-validation
to optimise the model hyperparameters. The final
model was then trained using the optimised hyper-
parameters on the training set data and evaluated on
the held-out test set.

For this study, data were available for PTBs from
2017 to 2023 inclusive, and term births from 2017 to
2019 inclusive. Data from 2017 and 2018 inclusive
were designated as the training set (2503 PTB cases
and 20,827 term birth cases), and from 2019 onwards
as the test set (5615 PTB cases and 10,145 term birth
cases). The model included 7 maternal features (age,
race, marital status, blood group, BMI at booking,
multiple pregnancy and parity) as its input features,
with the target variable being PTB. A second risk
score prediction model for sPTB was developed based

on identified risk factors (excluding multiple pregnancy).
The test set for this model has 4814 PTB and 10,136
term births.

Ethical considerations

Ethical approval was obtained from the SingHealth
Institutional Review Board (2023-2278). Patient confi-
dentiality was maintained, and data were anonymised
prior to analysis.

RESULTS

PTB incidence and trends

From 2017 to 2023, SingHealth institutions recorded
91,174 births, accounting for 34.5% of all births in
Singapore during that period. Of Singapore’s total
PTBs, 44.1% were managed in SingHealth, with an
increase from 42.5% in 2020 to 47.3% in 2023.

SingHealth delivered 42.9% of late preterm infants
and 79.3% of ExPTB/vPTB infants in 2023. Due to the
specialised tertiary neonatal care that is provided by
SingHealth institutions, more extreme and very PTB
babies were delivered in our hospitals (Table 1). ExPTB
and vPTB constituted 18.3% of the total PTBs in
SingHealth and 0.7% of total births nationwide.

Overall PTB rates and subtypes

Although there was no statistically significant shift
in PTB rates in Singapore, a slight downward trend
from 11.3% to 10.2% (2017-2023) was observed
within SingHealth institutions (P<0.001). This decline
was mostly due to fewer late sPTBs being born in
SingHealth institutions (from 9.3% to 8.2%, P<0.001),

Table 1. Total term births and PTBs according to gestational age at delivery in SingHealth (KK Women’s and Children’s Hospital and Singapore
General Hospital) and Singapore (singleton and twin pregnancies).

Year Total births Late PTBs ExPTBs and vPTBs
SingHealth, Singapore, SingHealth, Singapore, SingHealth, Singapore,
no. (% of PTB) no. (% of PTB) no. (% of PTB) no. (% of PTB) no. (% of PTB) no. (% of PTB)

2017 13,218 (11.3) 39,615 (8.9) 1230 (9.3) 3139 (7.9) 266 (2.0) 367 (0.9)
2018 13,251 (10.7) 39,039 (8.4) 1159 (8.7) 2900 (7.4) 255(1.9) 381 (1.0)
2019 13,001 (10.5) 39,279 (8.1) 1132 (8.7) 2851 (7.3) 228 (1.8) 316 (0.8)
2020 12,989 (9.3) 38,590 (7.4) 999 (7.7) 2544 (6.6) 212 (1.6) 305 (0.8)
2021 13,168 (10.3) 38,672 (7.9) 1097 (8.3) 2683 (6.9) 256 (1.9) 353(0.9)
2022 12,907 (10.2) 35,605 (8.1) 1071 (8.3) 2549 (7.2) 250 (1.9) 323(0.9)
2023 12,640 (10.3) 33,541 (8.2) 1037 (8.2) 2415 (7.2) 264 (2.1) 333(1.0)

ExPTBs: extreme preterm births; PTB: preterm births; vPTBs: very preterm births
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while rates of ExPTB/VPTB and iPTB remained
unchanged. Approximately 60% of PTBs were
spontaneous, and 40% were iatrogenic (Table 2).

Multiple pregnancies

Among twin pregnancies, the PTB rate exhibited a
significant upward trend from 11.6% in 2017, dropping
to 6.8% in 2020, and increasing again to 12.2% in 2023
(P<0.001). This fluctuation likely reflects the temporary
suspension of assisted reproductive technology
(ART) services during the COVID-19 pandemic,
followed by a post-pandemic rebound. With adjust-
ment for potential risk factors such as age, race,
booking BMI, parity and marital status, women who
gave birth in 2023 were 2.21 times (95% CI 1.31-3.75)
more likely to have a PTB as compared to 2020, but
it was not statistically significant when compared
with 2017 (adjusted OR 1.07; 95% CI 0.58-1.98). In
twin pregnancies, 62.6% of PTBs were iatrogenic,
while 37.4% were spontaneous.

Maternal and neonatal characteristics

Table 3 summarises the demographic characteristics
of patients delivering at SingHealth in 2017 to 2023
who experienced sPTB, stratified by gestational age.

Risk factors for sPTB

Multinomial logistic regression identified several
key risk factors (Table 4). Advanced maternal age
(=35 years), booking BMI =23 kg/m?, single/divorced
marital status, primiparity, twin pregnancy and
Chinese ethnicity were associated with increased
odds of very/extreme sPTB.

ABO blood group and PTB

Univariable logistic regression revealed that mothers
with blood group AB were 13% more likely to ex-
perience PTB compared to blood group O (OR 1.13,

95% Cl 1.03-1.24). Blood groups A and B showed
slightly lower elevations in risk (Table 5).

Neonatal sex

No association was found between neonatal sex and
sPTB risk (P=0.589).

Risk prediction model for sPTB

Using maternal age, ethnicity, marital status, blood group,
booking BMI, multiple birth indicator and parity, our
XGBoost-based risk prediction model achieved sensitivity
of 0.7040 (95% ClI 0.6919-0.7159) and specificity of
0.6647 (95% Cl 0.6554-0.6739), with an area under
the receiver operating characteristic (AUROC) curve
of 0.7491 (95% CI 0.7414-0.7568) on the test set
(Fig. 1). The most important predictors (based on
Shapley Additive Explanation values) were booking BMI,
ethnicity, age and blood group. When multiple pregnancy
indicator was excluded from the database, we had a
similar predictive AUROC of 0.7392 (95% CI 0.7309-
0.7479) on the test set (Fig. 1).

DISCUSSION

Principal findings

Our analysis showed that Singapore’s and SingHealth’s
PTB rates remained relatively unchanged during the
study period.

There was a modest decline only in the number of late
sPTBs within the SingHealth population. A possible
explanation is that most maternity units in Singapore
are able to care for late PTBs in their own units while
higher risk PTBs less than 32 weeks are referred i
nto SingHealth for tertiary care. This supports the
recognition of better prognosis of in-utero rather than
ex-utero transfer of PTB to specialist neonatal units.

ExPTB and vPTB rates were unchanged, posing a
continued challenge in PTB prevention as this is the

Table 2. Total PTBs in SingHealth (KK Women’s and Children’s Hospital and Singapore General Hospital) according to subtype (singleton and

twin pregnancies).

Year Total PTBs, no. (%) sPTBs, no. (%) iPTBs, no. (%)
2017 1496 (11.3) 956 (63.9) 540 (36.1)
2018 1410 (10.6) 876 (62.1) 534 (37.9)
2019 1351 (10.4) 849 (62.8) 502 (37.2)
2020 1197 (9.2) 793 (66.2) 404 (33.8)
2021 1334 (10.1) 814 (61.0) 520 (39.0)
2022 1303 (10.1) 827 (63.5) 476 (36.5)
2023 1281 (10.2) 737 (57.5) 544 (42.5)

iPTBs: iatrogenic preterm births; PTBs: preterm births; sPTBs: spontaneous preterm births
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Table 3. Demographic characteristics of patients by type of sPTB.

Characteristics Term births Late PTBs ExPTBs/vPTBs
(n=59,548) (n=3186) (n=610)
Ethnicity, no. (%)
Chinese 24,033 (40.4) 1223 (38.4) 303 (49.7)
Malay 16,623 (27.9) 934 (29.3) 118 (19.3)
Indian 6406 (10.8) 357 (11.2) 72 (11.8)
Others 12,486 (21.0) 672 (21.1) 117 (19.2)
Age, no. (%)
<30 years 20,424 (34.3) 1102 (34.6) 131 (21.5)
30-34 years 22,991 (38.6) 1129 (35.4) 232 (38.0)
=35 years 16,133 (27.1) 955 (30.0) 247 (40.5)
Parity, no. (%)
1 27,332 (45.9) 1457 (45.7) 338 (55.4)
2 18,726 (31.5) 932 (29.3) 173 (28.4)
=3 13,490 (22.7) 797 (25.0) 99 (16.2)
Booking BMI, no. (%)
<23 kg/m? 24,604 (41.3) 1181 (37.1) 218 (35.7)
=23 kg/m? 34,944 (58.7) 2005 (62.9) 392 (64.3)
Marital status, no. (%)
Married 57,660 (96.8) 3010 (94.5) 575 (94.3)
Single/divorced 1888 (3.2) 176 (5.5) 35(5.7)
Type of birth, no. (%)
Singleton 59,241 (99.5) 2960 (92.9) 554 (90.8)
Twins 307 (0.5) 226 (7.1) 56 (9.2)

BMI: body mass index; ExPTBs: extreme preterm births; PTBs: preterm births; sPTB: spontaneous preterm birth; vPTBs: very preterm births

group with significant effects on neonatal mortality
and morbidity.’®"” Notably, SingHealth managed a
growing proportion of PTBs in earlier gestation (78%
in 2023), highlighting the cluster’s expanding role in
caring for high-risk pregnancies.

SingHealth has set up a PTB clinic in 2022 in attempt
to provide specialised care for patients at risk of
PTB. We will now apply our prediction model to
identify women at risk of PTB and provide personalised
and early intervention.

Comparisons with other studies

The PTB rates we observed align with global trends,
where overall PTB rates have not declined signifi-
cantly. The higher PTB rates among Chinese
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mothers in Singapore compared to China (6.1%)"
may reflect distinct environmental or lifestyle factors. In
addition, although socioeconomic status is associated
with higher risk of PTB, this may not necessarily apply
to our Singapore population. This is highlighted when
we used the monthly median household income
differentiated by ethnic groups as our proxy for
socioeconomic status. Here, the Indian ethnic group
had the highest monthly median income followed
by the Chinese and Malay ethnic groups. Meanwhile,
Malay women had relatively lower PTB rates, which
is intriguing given potential socioeconomic disad-
vantages.” These findings underscore the complexity
of PTB aetiology, where genetic, cultural and healthcare
access variables interact.




Table 4. Multinomial logistic regression analysis of risk factors for sPTB.
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Characteristics

Late PTBs vs term birth

OR (95% ClI)

ExPTBs/vPTBs vs term birth

OR (95% CI)

Singleton and twin
pregnancies

Singleton
pregnancies

Singleton and twin
pregnancies

Singleton
pregnancies

Ethnicity

Chinese (Reference) 1.00 1.00 1.00 1.00
Malay 1.08 (0.99-1.19) 1.09 (0.99-1.20) 0.73(0.58-0.92) 0.70 (0.55-0.89)
Indian 1.09 (0.96-1.23) 1.09 (0.96-1.23) 0.99 (0.76-1.29) 0.93(0.71-1.23)
Others 1.06 (0.96-1.17) 1.07 (0.97-1.19) 0.89 (0.71-1.11) 0.83(0.66-1.05)
Age

<30 years (Reference) 1.00 1.00 1.00 1.00
30-34 years 0.92 (0.84-1.00) 0.92 (0.84-1.01) 1.66 (1.32-2.07) 1.69 (1.34-2.14)
=35 years 1.07 (0.97-1.18) 1.08 (0.98-1.20) 2.59 (2.06-3.26) 2.79 (2.20-3.55)
Parity

1 (Reference) 1.00 1.00 1.00 1.00

2 0.92 (0.84-1.01) 0.91 (0.84-1.00) 0.65 (0.54-0.78) 0.63 (0.51-0.76)
>3 1.07 (0.97-1.18) 1.07 (0.97-1.18) 0.50 (0.39-0.63) 0.48 (0.37-0.61)
Booking BMI

<23 kg/m? (Reference) 1.00 1.00 1.00 1.00

=23 kg/m? 1.18 (1.09-1.28) 1.18 (1.09-1.27) 1.38 (1.16-1.64) 1.37 (1.15-1.64)
Marital status

Married (Reference) 1.00 1.00 1.00 1.00
Single/divorced 1.84 (1.57-2.17) 1.84 (1.56-2.17) 2.36 (1.66-3.36) 2.33(1.62-3.35)
Type of birth

Singleton (Reference) 1.00 1.00

Twins 15.21 (12.74-18.15) 16.99 (12.57-22.97)

BMI: body mass index; Cl: confidence interval; ExPTBs: extreme preterm births; OR: odds ratio; PTBs: preterm births;
sPTB: spontaneous preterm birth; vPTBs: very preterm births

Risk factors
Advanced maternal age (=35 years), higher booking

Table 5. Association between blood groups and PTB.

Blood group OR (95% CI) . . .
BMI (=23 kg/m?) and single/divorced marital status
o Reference were all found to significantly increase PTB risk,
. . Fs H 14,20-23,25,26
AB 113 (1.03-1.24) consistent with existing evidence. Our

results also point to primiparity as a risk factor
A 1.09 (1.02-1.15) and identify Chinese ethnicity as an important
consideration. The role of ABO blood group
in influencing PTB risk, particularly blood group
AB conferring a higher risk than blood group O,
warrants further mechanistic investigation.??30:33

B 1.06 (1.00-1.13)

Cl: confidence interval; OR: odds ratio; PTB: preterm birth
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Fig. 1. Area under the receiver operating curve for preterm birth detection.
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Multiple pregnancies

Twin pregnancies were associated with considerably
elevated PTB risk.’*'® The observed fluctuations in
twin PTB rates, especially around 2020, likely reflect
changes in ART availability during the pandemic,
followed by increased demand post-pandemic.

Risk prediction model

Our XGBoost model demonstrated moderate perfor-
mance (AUROC =~ 0.75) in identifying women at risk
for sPTB using demographic and basic clinical features
alone. This is the first reported paper using a machine
learning model to predict risk of sPTB incorporating
maternal blood group in a large study (n=30,827)
of a multi-ethnic population, and it underlies the
potential benefit of including more information to
improve predictive accuracy. Due to the multifactorial
associations with PTB, it is envisaged that prospec-
tive studies incorporating more detailed clinical
information, such as cervical length measurements,
previously identified biomarkers, microbiota flora and
possible multi-omics in pregnancy associated with
PTB, would certainly enhance the goal of early risk
stratification to provide personalised care in diverse
populations.

Strengths and limitations

A key strength of this study is the large sample size
and comprehensive data collection from these 2
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maternity centres with specialist neonatal units
on-site. Specifically, as SingHealth accounts for
approximately 80% of ExPTBs and vPTBs, we are
better able to study the characteristics of this popu-
lation with the highest risk of perinatal and infant
mortality, enhancing the generalisability of the findings
for this group within Singapore. However, limitations
include the retrospective design and potential for
unmeasured confounding factors. Incomplete data
on certain variables (e.g. smoking status, illicit drug
use, prior cervical procedures, cervical length measure-
ment) may have limited the analysis. Additionally,
data prior to 2017 were unavailable due to transition
from hardcopy to electronic record. In our risk
predictive model, we only included information that
we could accurately obtain to form our database for
artificial intelligence model analysis. In addition, there
was no second set of data available for validation.

Implications for practice and research

The findings demonstrate that there are geographical
and cultural differences to the multifactorial cause of
PTB. This highlights the need for targeted interventions
to reduce PTB rates specific for each region, particularly
among high-risk groups identified in this study.
Personalised screening could help identify those
who may benefit from preventive strategies. Those
currently available are of limited success or perhaps
misdirected as demonstrated by the stable PTB rates.
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Our predictive model could be refined further by
incorporating multiomics in pregnancy, biomarkers
and cervical length measurements, together with
emerging and improving technologies in machine
learning. Further research is needed to explore the
role of ABO blood groups and other novel risk factors
in PTB aetiology.

CONCLUSION

Despite a slight decline in late PTBs in the SingHealth
population, the overall PTB rate in Singapore has
remained relatively unchanged between 2017 and
2023. This study highlights several key risk factors—
Chinese ethnicity, advanced maternal age, higher
BMI, primiparity, single/divorced marital status and
maternal blood group AB. This points to opportuni-
ties for tailored screening and interventions. Our
machine learning model provides moderate predictive
value, underscoring the need for further refinements.
Ongoing research integrating additional clinical and
biological markers may enhance PTB prevention efforts
and improve neonatal outcomes both in Singapore and
globally.
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