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Abstract

Background: Preterm birth is a complex health problem with social, environmental, behavioral, and genetic
determinants of an individual’s risk and remains a major challenge in obstetrics. Recent research has caused
improvements in predicting preterm birth; however, there is still controversy about the prediction of preterm
birth in asymptomatic women. The purpose of this study was to determine if Bayesian filtering can be used in a
clinical setting to predict spontaneous preterm birth in asymptomatic women.
Methods: A model of predicting spontaneous preterm birth using PopBayes based on a Bayesian filtering
algorithm was developed using a previously collected dataset, then applied to a prospectively collected cohort of
asymptomatic women who delivered singleton live newborns at or after 24 weeks of gestation. Cases compli-
cated with major congenital malformations were excluded.
Results: The proportion of patients with spontaneous preterm birth was 18.4% (96 of 522) at < 37 weeks
gestation, 5.4% (28 of 522) at < 34 weeks gestation, and 2.7% (14 of 522) at < 32 weeks gestation. The match rates
with the combination of demographic, clinical, and genetic factors using a Bayesian filtering method (PopBayes)
were higher than the match rates using demographic and clinical factors only, including maternal age, maternal
body mass index (BMI), prior preterm birth, education, occupation, income, and active and passive smoking.
The match rates in preterm delivery before 32 weeks of gestation were higher than the match rates in preterm
delivery before 37 and 34 weeks of gestation (94.3% vs. 84.7% and 82.0%, respectively). The negative predictive
values for demographic, clinical, and genetic factors in predicting preterm delivery using PopBayes were con-
sistently > 90%.
Conclusions: We suggest that Bayesian filtering (PopBayes) is a customizable and useful tool in establishing a
model for the prediction of preterm birth.

Introduction

Preterm birth remains the leading problem associated
with perinatal morbidity and mortality worldwide.1–5 To

predict preterm birth is a key issue that needs to be addressed.
There are numerous known factors related to preterm birth,
including maternal age, body mass index (BMI), education,
income, smoking, number of previous preterm births, cervical
length (CL), fetal fibronectin (fFN), and genetic polymor-
phisms.1,2,4,6–17 However, every pregnant woman has a
strong need for individualized risk assessment of preterm
birth rather than a flood of information.

Recently, Bayesian filtering, a statistical technique, was
introduced to sort out spam from e-mails. The basic principle
of spam filtering is that Bayesian classifiers work by corre-

lating the use of words, with spam and nonspam e-mails, then
using Bayesian statistics to calculate the probability that an e-
mail is or is not spam. These processes, based on repetitive
training or learning steps by using the existing dataset, make
it possible to immediately determine whether or not a newly
arrived e-mail is spam or not without iterating arduous sta-
tistical analyses. Smith et al.18 introduced a Bayesian model-
ing to develop a simple and robust method for predicting risk
of cesarean section. With the use of Bayesian modeling,
Bhattacharya et al.19 tried to identify women at a high recur-
rence risk of stillbirth in a second pregnancy.

The purpose of this study was to determine if Bayesian
filtering is useful for prediction of spontaneous preterm birth
in asymptomatic women and for counseling pregnant women
for their individualized probability of preterm birth.
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Materials and Methods

Study population

The study population consisted of consecutive pregnant
women who delivered singleton live newborns from 24 to 42
weeks of gestation at Ewha Womans University Hospital in
Seoul, Korea, between 2003 and 2010. This study was ap-
proved by the Institutional Review Board of Ewha Womans
University Hospital. We recruited patients who were regis-
tered for prenatal care at our hospital before 20 weeks of
gestation. Participants who signed a consent form before en-
rollment were interviewed by trained interviewers, who re-
corded general epidemiologic and clinical data. Subject
weights and heights were recorded, and blood samples were
obtained according to standard protocols. Gestational age
was determined in accordance with the date of onset of the
last menstrual period (LMP) in most cases. When gestational
age determined by the LMP date was not in agreement with
fetal size verified by ultrasonography, however, we verified
gestational age in agreement with dates at the first ultraso-
nographic estimation.

Women who had multiple gestations, intrauterine fetal
death and fetuses complicated with major congenital mal-
formations were excluded. To assess the clinical value of
screening tests for women without symptoms at 20–28 weeks
of gestation, we limited this study to nulliparas and multi-
paras who did not have spontaneous preterm labor or pre-
term premature rupture of membranes (PROM) at the time of
enrollment. The principal outcome was spontaneous preterm
birth before 37 weeks of gestation, which included births that
followed spontaneous preterm labor, excluding medically
indicated preterm birth with PROM or hypertensive disorders
during pregnancy. Five hundred twenty-two women were
enrolled, as follows: 96 women who underwent spontaneous
preterm birth ( < 37 weeks gestation) with intact membranes
and 426 women who delivered at term ( ‡ 37 weeks gestation).

Cervical length and fetal fibronectin

All CL measurements and fFN testing were done in an
outpatient setting on asymptomatic patients at 20–28 weeks of
gestation. All tests that were performed on labor and delivery
were excluded because the tests were performed on symp-
tomatic patients as part of a preterm labor evaluation. All CL
measurements were measured using 4–8 MHz transvaginal
probes (Accuvix XQ, Medison, Seoul, Korea) with an empty
bladder. The optimal image was defined according to the cri-
teria reported by Iams et al.6 The shortest functional CL was
used because this has been found to be the most reproducible
measurement. A short CL was defined as a CL < 2.5 cm.

fFN testing was performed with a Dacron swab without the
use of a speculum, which is according to an established pro-
tocol that has been validated previously at 20–28 weeks of
gestation.20 Vaginal swabs were sent for quantitative deter-
mination of the fFN concentration using an enzyme-linked
immunosorbent assay (ELISA) (Fetal Fibronectin Im-
munoassay; Hologic Inc., Bedford, MA). An fFN concentra-
tion ‡ 50 ng/mL was considered to be positive.

Genotyping analysis

Genotypes of paraoxonase (PON) 1 were analyzed ac-
cording to an established protocol that has been validated

previously by our group and others.17,21 We extracted geno-
mic DNA from maternal whole blood, which had been col-
lected and stored at - 80�C, using a QIAmp blood kit (Qiagen,
Hilden, Germany). PON1 polymorphisms were analyzed ac-
cording to Humbert et al.21 The genotyping of the PON1
polymorphsim (rs662) was screened with a single base primer
extension assay using an ABI PRISM SNaPShot Multiplex kit
(ABI, Foster City, CA) according to the manufacturer’s rec-
ommendation. Briefly, the genomic DNA flanking the single
nucleotide polymorphism (SNP) of interest was amplified
using a PCR reaction with forward and reverse primer pairs
and standard PCR reagents in a 10-lL reaction volume con-
taining 10 ng genomic DNA, 0.5 pM each oligonucleotide
primer, 1 lL 10X PCR buffer, 250 mM dNTP (2.5 mM each),
and 0.25 units i-StarTaq DNA polymerase (5 units/lL) (iN-
tRON Biotechnology, Sungnam, Gyeonggi-Do, Korea). The
PCR reactions were carried out as follows: 10 min at 95�C for 1
cycle, 35 cycles at 95�C for 30 s, 60�C for 1 min, 72�C for 1 min,
and 1 cycle at 72�C for 10 min. After amplification, the PCR
products were treated with 1 unit each of shrimp alkaline
phosphatase (SAP) (Roche, Basle, Switzerland) and exonu-
clease I (USB Corporation, Cleveland, OH) at 37�C for 75 min
and 72�C for 15 min to purify the amplified products.

The purified amplification products (1lL) were added to a
SNaPshot Multiplex Ready reaction mixture containing
0.15 pmol genotyping primer for the primer extension reac-
tion. The primer extension reaction was carried out for 25
cycles at 96�C for 10 s, 50�C for 5 s, and 60�C for 30 s. The
reaction products were treated with 1 unit SAP at 37�C for 1
hour and 72�C for 15 min to remove excess fluorescent dye
terminators. The final reaction samples containing the exten-
sion products (1 lL) were added to 9 lL Hi-Di formamide
(ABI). The mixture was incubated at 95�C for 5 min, followed
by 5 min on ice, then analyzed by electrophoresis in an ABI
Prism 3730xl DNA analyzer. Analysis was carried out using
Genemapper software version 4.0 (ABI). The sequences of the
primers were as follows: forward primer, GAGCACTTT
TATGGCACAAATGA; reverse primer, ATAGTAGACAA
CATACGACCACGCTA; genotyping primer, TTTTCTTGA
CCCCTACTTAC.

Determination of candidate risk factors
for preterm birth

Initially, we searched for associations between preterm
delivery and covariates, including maternal age, BMI at the
time of delivery, parity, history of prior preterm delivery,
education, occupation, income, active and passive smoking,
CL, and fFN, using a chi-square test and Student’s t test where
appropriate. Logistic regression analyses were performed to
evaluate the impact of the genetic polymorphisms of PON1
and haplotypes on the risk of preterm birth. All statistical
analyses were performed using SPSS version 12.0 (SPSS Inc.,
Chicago, IL). Statistical significance was assumed at p < 0.05
(2-tailed).

Bayesian filtering (PopBayes)

After determination of candidate risk factors, we calculated
conditional probabilities of preterm and term deliveries using
PopBayes (Seoul, Korea), a statistical program based on
Bayesian filtering, as follows:
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SPr(FactorjPreterm)¼Pr (Factor1jPreterm)

· Pr (Factor2jPreterm)

· Pr (Factor3jPreterm) · . . . . . .

SPr(FactorjTerm)¼Pr (Factor1jPreterm)

· Pr (Factor2jPreterm)

· Pr (Factor3jPreterm) · . . . . . .

where Pr = probability.
The probability of preterm delivery was calculated as the

total sum of conditional probabilities of demographic, clinical,
and genetic factors, assuming that a gravida who delivered
before 37 weeks of gestation and a gravida who delivered at
term ( ‡ 37 weeks of gestation) were also calculated using the
same methods. If the probability of preterm delivery was
higher than the probability of term delivery, the test result
was considered as preterm delivery, and vice versa.

The training dataset, a model development sample, was
randomly selected from the original dataset of 522 patients
and included two thirds of the study population, which
consisted of 63 preterm deliveries before 37 weeks of gestation
(positive outcome) and 286 term deliveries (negative out-
come), thus containing a similar proportion of positive and
negative outcomes to that of the test dataset, a model vali-
dation sample. The remaining one third of the study popu-

lation was added to the final test dataset, which included 96
preterm deliveries before 37 weeks of gestation and 426 term
deliveries.

The final results are presented as match and mismatch rates
(Table 1 and Fig. 1). If a test result using PopBayes was the
same as the final outcome (a preterm or term delivery), the
case was categorized as a match. If a test result was different
from an outcome, the case was categorized as a mismatch. The
match and mismatch rates indicate the numbers of match and
mismatch cases among the total study population.

Results

The proportion of patients with spontaneous preterm
births was 18.4% (96 of 522) at < 37 weeks of gestation, 5.4%
(28 of 522) at < 34 weeks of gestation, and 2.7% (14 of 522) at
< 32 weeks of gestation. Basic demographic and clinical in-
formation are shown in Table 2. We enrolled multiparas and
nulliparas in the study. There was no significant difference
between the groups in terms of the rate of multiparity
( p > 0.1). Cases in the preterm group had a significantly lower
maternal age and BMI at the time of delivery and higher rates
of prior preterm birth, maternal education £ 12 years, a short
cervix, and a positive fFN than those in the term group
( p < 0.05 for each). Prepregnancy BMI, rates of overweight
and obesity, low education of parents, low income, and active
and passive smoking were higher among the preterm group
than the term group, but the differences were not statistically
significant ( p > 0.1).

Table 3 presents the frequencies of genotypes and alleles of
the SNPs in the PON1 gene in the preterm and term groups.
There was no significant difference between the two groups in
terms of the frequency of genotypes in the PON1 gene.
However, the preterm group had a significantly higher rate of
allele A than the term group ( p < 0.05).

The match rate, mismatch rate, sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV) for demographic, clinical, and genetic factors in

Table 1. Match and Mismatch Rates

of Results of PopBayes

Preterm delivery

Yes No

Positive test a b
Negative test c d

Match (%) = (a + d)/(a + b + c + d) · 100.
Mismatch (%) = (b + c)/(a + b + c + d) · 100.

FIG. 1. Test results pre-
sented as match and mis-
match rates using PopBayes.
The probability of preterm
and term deliveries was cal-
culated as the total sums of
conditional probabilities of
demographic, clinical, and
genetic factors. If the proba-
bility of preterm delivery was
higher than that of term de-
livery, the test result was
considered as preterm deliv-
ery, and vice versa. Result,
that is, a test result of an in-
dividual case, is shown as 0
(negative outcome, or term
delivery) or 1 (positive out-
come, or preterm delivery).
Category represents an out-
come that a woman delivered
in preterm or term gestation.
Correct? is shown as O
(match) or X (mismatch).
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predicting preterm delivery using PopBayes are shown in
Table 4. The factors included in the final Bayesian model were
maternal age, BMI, parity, history of prior preterm birth,
maternal and paternal education, occupation, income, active
and passive smoking, CL, fFN, and genetic analysis (PON1).
The overall match rates, sensitivity, specificity, PPV, and NPV
using demographic, clinical, and genetic factors were higher
than those using demographic and clinical factors only, in-
cluding maternal age, maternal BMI, prior preterm birth,
education, occupation, income, and active and passive
smoking. The match rates in the preterm delivery group be-
fore 32 weeks of gestation were higher than in the preterm
delivery group before 37 and 34 weeks of gestation. The
sensitivities for short cervix, fFN, and PON1 in the preterm
delivery group before 37 weeks of gestation were 33.3%,
20.8%, and 43.5%, respectively, and those values were lower

than the values according to PopBayes, in which demo-
graphic, clinical, and genetic factors were considered as cov-
ariates.

Discussion

Principal findings

Our data showed that the match rates with the combination
of demographic, clinical, and genetic factors using PopBayes
were higher than the match rates using demographic and
clinical factors only, including maternal age, maternal BMI,
prior preterm birth, education, occupation, income, and active
and passive smoking. Furthermore, our findings suggest
that the match rates for preterm deliveries before 32 weeks
of gestation were higher than preterm deliveries before 37
and 34 weeks of gestation (94.3% vs. 84.7% and 82.0%,

Table 2. Demographic and Clinical Characteristics of Study Population

Characteristic Preterm (n = 96) Term (n = 426) p value

Maternal age, yearsa 30.6 – 4.2 32.3 – 4.1 < 0.001
20–24 8 (8.3%) 8 (1.9%) < 0.01
25–29 29 (30.2%) 102 (23.9%)
30–34 44 (45.8%) 186 (43.7%)
35–39 13 (13.5%) 113 (26.5%)
‡ 40 2 (2.1%) 17 (4.0%)

Prepregnancy body weight (kg)a 54.5 – 9.6 54.7 – 8.2 NS
Maternal body weight at delivery (kg)a 64.1 – 10.8 67.9 – 8.6 < 0.01
Weight gain per week (kg)a 0.30 – 0.1 0.34 – 0.1 NS
Maternal height (cm)a 160.5 – 4.5 161.5 – 4.8 NS
Prepregnancy BMIa,b 21.1 – 3.7 20.9 – 3.1 NS

< 18.5 10 (22.7%) 76 (20.1%)
18.5–22.9 24 (54.5%) 231 (60.9%)
23.0–24.9 5 (11.4%) 34 (9.0%)
‡ 25 5 (11.4%) 38 (10.0%)

Maternal BMI at deliverya,c 24.9 – 4.0 26.0 – 3.0 < 0.01
< 18.5 0 (0.0%) 0 (0.0%) < 0.001
18.5–22.9 33 (34.4%) 58 (13.8%)
23.0–24.9 23 (24.0%) 111 (26.4%)
‡ 25 40 (41.7%) 251 (59.8%)

BMI increase per weeka 0.12 – 0.05 0.13 – 0.04 NS
Gestational age at delivery (weeks)a 34.5 – 2.5 39.6 – 1.1 < 0.001
Multiparityd 57 (60.0%) 224 (52.7%) NS
Prior preterm birthe 6 (11.3%) 10 (2.9%) < 0.05
Maternal education £ 12 yearsf 37 (41.6%) 82 (19.9%) < 0.001
Paternal education £ 12 yearsg 7 (23.3%) 52 (14.5%) NS
With maternal occupationh 9 (28.1%) 130 (36.5%) NS
Income < USD 2,500i 15 (48.4%) 169 (46.9%) NS
Smokingj 4 (12.5%) 37 (10.3%) NS
Passive smokingk 16 (50.0%) 139 (38.7%) NS
Cervical length (cm)a 2.83 – 1.35 3.83 – 0.66 < 0.001
Short cervix 32 (33.3%) 4 (0.9%) < 0.001
Positive fetal fibronectin 20 (20.8%) 1 (0.2%) < 0.001

aValues are given as mean – standard deviation.
bDenominators are 44 for the preterm group and 379 for the term group.
cA denominator is 420 for term group.
dDenominators are 95 for the preterm group and 425 for the term group.
eDenominators are 53 for the preterm group and 347 for the term group.
fDenominators are 89 for the preterm group and 413 for the term group.
gDenominators are 30 for the preterm group and 359 for the term group.
hDenominators are 32 for the preterm group and 356 for the term group.
iDenominators are 31 for the preterm group and 360 for the term group.
jDenominators are 32 for the preterm group and 358 for the term group.
kDenominators are 32 for the preterm group and 359 for the term group.
BMI, body mass index; NS, not significant; USD, US dollars.
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respectively). The NPVs for demographic, clinical, and ge-
netic factors in predicting preterm delivery using PopBayes
were consistently > 90%.

Maternal demographic and clinical factors

The frequencies of low maternal age ( < 25 years) and low
maternal educational status ( £ 12 years) were higher in the
preterm group than in the term group (8.3% vs. 1.9%, p < 0.01,
and 41.6% vs. 19.9%, p < 0.001, respectively). These findings
were consistent with previous studies. Low educational status
and low maternal age are correlated with an increased risk of
preterm birth.11,14

Hendler et al.2 showed that maternal thinness before
pregnancy was associated with increased spontaneous pre-
term birth. In our study, the frequency of prepregnancy BMI
< 18.5 kg/m2 was higher among the preterm group than the
term group but failed to reach statistical significance (22.7%
vs. 20.1%, p > 0.1). Similarly, the preterm group had a lower
BMI increase or weight gain per week during pregnancy than
the term group, and these results reached statistical signifi-
cance (0.12 – 0.05 vs. 0.13 – 0.04, p > 0.1, and 0.30 – 0.1 vs.
0.34 – 0.1, p > 0.1, respectively). According to a recent meta-

analysis, a maternal anthropometric measurement, such as
BMI,22 determination of adequacy of weight gained, and
height measurement, cannot be a single predictor for spon-
taneous preterm birth and should be taken into account
with multiple other factors. Therefore, we considered pre-
pregnancy BMI as a candidate factor for spontaneous preterm
birth in combination with other factors by calculating the sum
of conditional probabilities of each factor, using PopBayes
based on Bayesian filtering.

One of the most important risk factors for preterm birth is
prior preterm birth. Although most women who experience a
preterm birth will deliver at term in subsequent pregnancies,
the recurrence risk for preterm birth is ‡ 2-fold. In the current
study, the frequency of women experiencing prior preterm
birth was higher in the preterm group than in the term group
(11.3% vs. 2.9%, p < 0.05). This finding was consistent with
previous studies.7 In a preterm prediction study, Mercer et al.7

demonstrated that the recurrent risk of preterm birth in-
creases as the number of prior preterm births increases, with a
2-fold rise for each prior preterm birth.

CL and fFN

Cases in the preterm group had higher rates of a short
cervix and positive fFN than those in the term group ( p < 0.05
for each). Of note, treatment of women with a short cervix
with progesterone reduces the rate of spontaneous preterm
delivery,12 and, thus, transvaginal sonographic measure-
ments of CL might be useful in both low-risk and high-risk
populations. In the current study, the sensitivity for a short
cervix in preterm delivery before 37 weeks of gestation was as
low as 33.3%, which was consistent with previous studies.6,8,9

In the case of fFN, the sensitivity in predicting preterm birth
was 20.8%. The low sensitivity of CL in predicting preterm
birth in a low-risk population prompted us to consider CL or
fFN not as a single marker but as one of the major risk factors
for preterm birth.

Genetic factors (PON1)

Our group has demonstrated the relationship between
various genetic polymorphisms and preterm birth in previous
studies.15–17 In the current study, we showed that although
there was no significant difference between the two groups in

Table 3. Frequencies of Genotypes and Alleles

of Single Nucleotide Polymorphisms in PON1 Gene

in Preterm and Term Groups

Characteristic
Preterm
n (%)

Term
n (%)

p
value

OR
(95% CI)

Genotypea

AA 13 (10.7) 33 (16.7) NS 1.00
AG 38 (48.7) 137 (44.6) 0.70 (0.34-1.47)
GG 27 (34.6) 137 (44.6) 0.50 (0.23-1.07)

Alleleb

A 57 (43.5) 210 (32.9) < 0.05 1.00
G 74 (56.5) 429 (67.1) 0.64 (0.43-0.93)

aDenominators are 78 for the preterm group and 307 for the term
group.

bDenominators are 131 for the preterm group and 639 for the term
group.

A, adenine; CI, confidence interval; G, guanine; NS, not significant;
OR, odds ratio.

Table 4. Diagnostic Indices and Predictive Values of PopBayes Based on Bayesian Filtering

for Prediction of Preterm Delivery

< 37 weeks < 34 weeks < 32 weeks

Preterm deliverya For patientsb For doctorsc For patientsb For doctorsc For patientsb For doctorsc

Match 81.6 (426/522) 82.0 (428/522) 78.7 (411/522) 84.7 (442/522) 88.3 (461/522) 94.3 (492/522)
Mismatch 18.4 (96/522) 18.0 (94/522) 21.3 (111/522) 15.3 (80/522) 11.7 (61/522) 5.8 (30/522)
Sensitivity 66.7 (64/96) 68.8 (66/96) 57.1 (16/38) 57.1 (16/38) 50.0 (7/14) 64.3 (9/14)
Specificity 85.0 (362/426) 85.0 (362/426) 80.0 (395/494) 86.2 (426/494) 89.4 (454/508) 95.1 (483/508)
Positive predictive value 50.0 (64/128) 50.8 (66/130) 14.0 (16/115) 19.0 (16/84) 11.5 (7/61) 26.5 (9/34)
Negative predictive value 91.9 (32/394) 92.4 (30/392) 97.1 (395/407) 97.3 (426/438) 98.5 (454/461) 99.0 (483/488)

aData are given as percentage (n/N).
bSociodemographic data, including maternal age, BMI (body weight and height), parity, history of prior preterm birth, maternal and

paternal education, occupation, income, and active and passive smoking, were included in analysis.
cIn addition to sociodemographic data, cervical length, fetal fibronectin, and genetic analysis (PON1) were added to analysis for further

counseling with a maternal-fetal medicine specialist.
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terms of the frequency of genotypes in the PON1 gene, cases
in the preterm group had a significantly higher rate of allele A
than the term group ( p < 0.05). Therefore, we included the
PON1 gene in our final preterm prediction model.

Strengths and weaknesses

Our study differs from previous studies in that we intro-
duced an analytic method based on Bayesian filtering into
predicting preterm birth at < 37, < 34, and < 32 weeks of
gestation. A definite advantage of our method is to simplify
analyses when new data emerge and to give each patient an
individualized probability of preterm delivery, even though
the probability is yes or no. Furthermore, it is more convenient
to collect and analyze data on a large scale. Once the estab-
lished data can be shared online, this will facilitate clinical
counseling on preterm birth. Another advantage to an ana-
lytic method based on Bayesian filtering is that tailoring of
candidate factors can be easily performed, as indicated in
Table 4. Patients can self-check the probabilities of preterm
birth by inputting their own sociodemographic and clinical
data. Physicians can provide patients their personalized
probabilities of preterm birth by collecting demographic and
clinical data and additionally obtaining data from ultrasound
examinations of CL, fFN, and genetic polymorphisms.

A limitation of our study findings was the lack of data in
relation to such factors as sociodemographic factors (education,
occupation, income, smoking, and genetic factors [PON1]).
Although two major risk factors for spontaneous preterm birth
(CL and fFN) were completely recorded, we admit that the
problem of missing data was inevitable because the dataset
for data training in this study was collected retrospectively.
Despite this limitation, we introduced a Bayesian filter for
predicting spontaneous preterm birth. A Bayesian filter is
constantly self-adapting by learning from new cases of preterm
births in a prospective study on a large scale.

Conclusions

We suggest that Bayesian filtering (PopBayes) is a useful
tool in establishing a model of preterm birth prediction. In the
future, the current study results can facilitate a prospective
multicenter study involving the prediction of spontaneous
preterm births.
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