
1/10https://jkms.org

ABSTRACT

Background: This study used machine learning and population data for testing the 
associations of preterm birth with gastroesophageal reflux disease (GERD) and periodontitis.
Methods: Retrospective cohort data came from Korea National Health Insurance Service 
claims data for all women who aged 25–40 years and gave births for the first time as singleton 
pregnancy during 2015–2017 (405,586 women). The dependent variable was preterm birth 
during 2015–2017 and the independent variables were GERD (coded as no vs. yes) for each of 
the years 2002–2014, periodontitis (coded as no vs. yes) for each of the years 2002–2014, age 
(year) in 2014, socioeconomic status in 2014 measured by an insurance fee, and region (city) 
(coded as no vs. yes) in 2014. Random forest variable importance was adopted for finding 
main predictors of preterm birth and testing its associations with GERD and periodontitis.
Results: Based on random forest variable importance, main predictors of preterm birth 
during 2015–2017 were socioeconomic status in 2014, age in 2014, GERD for the years 2012, 
2014, 2010, 2013, 2007 and 2009, region (city) in 2014 and GERD for the year 2006. The 
importance rankings of periodontitis were relatively low.
Conclusion: Preterm birth has a stronger association with GERD than with periodontitis. For 
the prevention of preterm birth, preventive measures for GERD would be essential together with 
the improvement of socioeconomic status for pregnant women. Especially, it would be vital to 
promote active counseling for general GERD symptoms (neglected by pregnant women).

Keywords: Premature Birth; Gastroesophageal Reflux; Periodontitis; Socioeconomic Status; 
Age

INTRODUCTION

Preterm birth, defined as “birth between 20 and 37 weeks of gestation”, is a major contributor 
to disease burden for infants and children in the world.1-4 One of every 10 newborns were 
preterm babies in the United States during 2003–2012, i.e., 5,042,982 (12.2%) of 41,206,315 
births.1 The share of preterm births increased rapidly from 4.3% to 6.0% in Korea during 
2001–2010.2 On a global level, 15 million newborns are preterm babies every year and this is 
responsible for 965,000 neonatal deaths and 125,000 deaths among children aged 1–5 years. 
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Three quarters of this mortality is estimated to be avoidable with cost-effective interventions.3,4 
Independent suggestions have been made on a positive association between gastroesophageal 
reflux disease (GERD) and periodontitis and on a positive linkage between periodontitis and 
preterm birth (PTB).5-11 Likewise, it would be natural to expect a positive relationship between 
GERD and preterm birth. But little endeavor has been made in this direction.

One previous study adopted machine learning and general hospital data for testing an 
association among spontaneous preterm labor and birth (SPLB), GERD and periodontitis.12 
Data for this study came from 731 obstetric patients in Anam Hospital (Seoul, Korea) during 
January 5, 1995–August 28, 2018. Random forest variable importance, the contribution of 
a certain variable for the performance of the random forest, was adopted for finding main 
predictors of SPLB and testing its associations with GERD and periodontitis. Based on 
random forest variable importance, main predictors of SPLB were age, education, GERD, 
Helicobacter pylori, upper gastrointestinal tract symptoms, various types of body mass index 
(BMI), diabetes and hypertension, parity, pelvic inflammatory disease, and medication 
such as progesterone, calcium channel blocker. Periodontitis ranked twenty second. It was 
concluded that SPLB had a stronger association with GERD than with periodontitis and, 
for preventing SPLB, preventive measures for hypertensive disorder, GERD and diabetes 
mellitus would be very important together with appropriate BMI management and effective 
progesterone and calcium-channel-blocker medications.

However, the data in this previous study was relatively small (731 participants). Machine 
learning analysis with population data is expected to bring more conclusive evidence on the 
association among the three diseases above. In this context, this study uses machine learning 
and population data for testing the following hypotheses:

Hypothesis 1: Preterm birth associates positively with GERD.
Hypothesis 2: Preterm birth associates positively with periodontitis.

METHODS

Participants
Retrospective cohort data came from Korea National Health Insurance Service claims 
data for all women in Korea who aged 25–40 years and gave births for the first time as 
singleton pregnancy during 2015–2017 (405,586 women). The dependent variable was 
preterm labor and birth during 2015–2017 (birth between 20 weeks and 0 day and 36 weeks 
and 6 days of gestation). Four types of preterm labor and birth were defined based on 
International Classification of Diseases, 10th Revision (ICD-10) code: 1) PTB 1: preterm 
birth with premature rupture of membranes (PROM) only; 2) PTB 2: preterm labor and birth 
without PROM; 3) PTB 3: PTB 1 or PTB 2; 4) PTB 4: PTB 3 or other indicated preterm birth 
(Supplementary Table 1). This variable was coded as “no” vs. “yes”. And the following 29 
independent variables were included in this study: 1) GERD (coded as no vs. yes) for each 
of the years 2002–2014, i.e., GERD_2002, …, GERD_2014; 2) periodontitis (coded as no vs. 
yes) for each of the years 2002–2014, i.e, Periodontitis_2002, …, Periodontitis_2014; 3) age 
(year) in 2014; 4) socioeconomic status in 2014 measured by an insurance fee with the range 
of 1 (the highest group) to 20 (the lowest group); and 5) region (city) (coded as no vs. yes) 
in 2014. GERD (GERD_2002, …, GERD_2014) and periodontitis (Periodontitis_2002, …, 
Periodontitis_2014) were screened from ICD-10 codes (Supplementary Table 1).
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Analysis
Logistic regression, the random forest and the artificial neural network were adopted 
and compared for predicting preterm birth.12,13 Data on 402,092 observations with full 
information were split into training and validation sets with a 70:30 ratio (281,464 vs. 120,628 
observations). Accuracy, a ratio of correct predictions among 120,628 observations, was used 
as a standard for validating the models. Random forest variable importance, the contribution 
of a certain variable for the performance of the random forest, was used for finding main 
predictors of preterm birth and testing its associations with GERD and periodontitis. 
R-Studio 1.3.959 (R-Studio Inc., Boston, MA, USA) was employed for the analysis during 
September 2019–May 2020.

Ethics statement
This retrospective study complied with the tenets of the Helsinki Declaration and was 
approved by the Institutional Review Board (IRB) of Korea University Anam Hospital on 
November 5, 2018 (2018AN0365). Informed consent was waived by the IRB.

RESULTS

Descriptive statistics are shown for participants' preterm birth and its categorical predictors 
in Table 1. Among 405,586 participants, 21,961 (5.41%), 9,034 (2.23%), 28,054 (6.92%) and 
29,167 (7.19%) belonged to PTB 1, 2, 3 and 4, respectively. Among the participants, 376,384 
(92.8%) resided in urban areas. Indeed, the average age and socioeconomic status of the 
participants were 31 and 11, respectively. During 2002–2014, the prevalence of GERD was 
consistently higher for those with preterm birth than for those without the outcome: 10.54%, 
10.33%, 10.50%, 10.47% and 7.90% for PTB 1, PTB 2, PTB 3, PTB 4 and the normal in 2014, 
respectively; and 0.79%, 0.80%, 0.78%, 0.79% and 0.62% for PTB 1, PTB 2, PTB 3, PTB 4 and 
the normal in 2002, respectively (Table 2). A similar pattern was found for the prevalence of 
periodontitis: 0.09%, 0.09%, 0.08%, 0.08% and 0.05% for PTB 1, PTB 2, PTB 3, PTB 4 and 
the normal in 2014, respectively; and 0.07%, 0.07%, 0.07%, 0.07% and 0.04% for PTB 1, 
PTB 2, PTB 3, PTB 4 and the normal in 2002, respectively.

The accuracy of the random forest was similar with those of logistic regression and the artificial 
neural network (94.56%, 97.79%, 93.07% and 92.80% for PTB 1, PTB 2, PTB 3 and PTB 4 in 
Table 3, respectively). Based on random forest variable importance in Fig. 1, main predictors 
of preterm birth during 2015–2017 were socioeconomic status in 2014 (240.28), age in 2014 
(221.13), GERD for the years 2012 (42.24), 2014 (38.86), 2010 (37.76), 2013 (36.64), 2007 (35.01) 
and 2009 (34.39), region in 2014 (34.36) and GERD for the year 2006 (31.98). These values 
were the average for PTB 1, PTB 2, PTB 3 and PTB 4 (Supplementary Fig. 1 for each of PTB 
1, PTB 2, PTB 3 and PTB 4). Top-10 predictors for PTB 2 were socioeconomic status in 2014 
(121.02), age in 2014 (112.27), GERD for the years 2012 (21.31), 2010 (19.61), 2011 (19.53), 2014 
(19.26) and 2009 (19.22), region in 2014 (16.58) and GERD for the years 2013 (16.35) and 2006 
(15.80). Likewise, top-10 predictors for PTB 4 were socioeconomic status in 2014 (306.92), age 
in 2014 (294.18), GERD for the years 2012 (56.84), 2014 (49.77), 2010 (48.33) and 2013 (47.89), 
region in 2014 (46.74) and GERD for the years 2007 (46.47), 2008 (42.78) and 2009 (41.78). The 
importance rankings of periodontitis were relatively low across board.

The results of logistic regression are shown in Tables 4 and 5. The odds of PTB 2 (or PTB 4) 
will increase by 6.6% (or 3.1%) if age increases by 1 year. The odds of PTB 4 will go up by 
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3.2% if socioeconomic status go down by 10 units, e.g., from 1 (the highest group) to 10 (the 
middle group). The odds of PTB 4 is greater by 8.0% for those with GERD in 2011 than those 
without it. Likewise, the odds of PTB 4 is higher by 7.9% for those with GERD in 2009 than 
those without it. Logistic regression requires an unrealistic assumption of ceteris paribus, i.e., 
“all the other variables staying constant”. In this context, the results of logistic regression 
would serve as supplementary information to random forest variable importance. According 
to the findings of this study above, 1) the hypothesis cannot be rejected on a positive 
association between preterm birth and GERD (hypothesis 1) while 2) the hypothesis can be 
rejected on a positive association between preterm birth and periodontitis (hypothesis 2).

DISCUSSION

In summary, based on random forest variable importance, main predictors of preterm birth 
during 2015–2017 were socioeconomic status in 2014, age in 2014, GERD for the years 2012, 
2014, 2010, 2013, 2007 and 2009, region (city) in 2014 and GERD for the year 2006. The 
importance rankings of periodontitis were relatively low.

According to the findings above, this study draws the following clinical implications. 
Firstly, the results of this study promote active counseling on GERD for effective prenatal 
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Table 1. Descriptive statistics on PTB and its categorical predictors
Variables No Yes Yes (%)
PTB 1a 383,625 21,961 5.41
PTB 2 396,552 9,034 2.23
PTB 3 377,532 28,054 6.92
PTB 4 376,419 29,167 7.19
GERD_2002 402,549 3,037 0.75
GERD_2003 401,602 3,984 0.98
GERD_2004 400,395 5,191 1.28
GERD_2005 398,792 6,794 1.68
GERD_2006 396,672 8,914 2.20
GERD_2007 392,581 13,005 3.21
GERD_2008 389,565 16,021 3.95
GERD_2009 383,767 21,819 5.38
GERD_2010 379,903 25,683 6.33
GERD_2011 376,073 29,513 7.28
GERD_2012 372,081 33,505 8.26
GERD_2013 370,426 35,160 8.67
GERD_2014 366,591 38,995 9.61
Periodontitis_2002 405,388 198 0.05
Periodontitis_2003 405,321 265 0.07
Periodontitis_2004 405,181 405 0.10
Periodontitis_2005 405,155 431 0.11
Periodontitis_2006 404,994 592 0.15
Periodontitis_2007 405,272 314 0.08
Periodontitis_2008 405,282 304 0.07
Periodontitis_2009 405,233 353 0.09
Periodontitis_2010 405,243 343 0.08
Periodontitis_2011 405,287 299 0.07
Periodontitis_2012 405,327 259 0.06
Periodontitis_2013 405,312 274 0.07
Periodontitis_2014 405,342 244 0.06
Region (city) in 2014 29,202 376,384 92.80
PTB = preterm birth, GERD = gastroesophageal reflux disease.
aPTB during 2015–2017.



care. Independent suggestions have been made on a positive association between GERD 
and periodontitis14,15 and on a positive linkage between periodontitis and preterm birth.6 
Likewise, it would be natural to expect a positive relationship between GERD and preterm 
birth. This study supports this expectation given the high importance rankings of GERD 
from the random forest in this study: GERD for the years 2012, 2014, 2010, 2013, 2007, 
2009 and 2006 ranked within the top ten. GERD is reported to cause cytokine-triggered 
inflammation,16-18 which is expected to cause uterine contraction and preterm birth.19-22 As 
a matter of fact, GERD symptoms such as nausea and vomiting are quite general but usually 
ignored among pregnant women. Based on the relatively small data (731 participants), 
the previous study drew a clinical implication that the promotion of active counseling on 
GERD is vital for effective prenatal care.12 This study confirms this clinical implication, 
using the population data (405,586 women). Secondly, the findings of this study highlight 
the importance of socioeconomic status as a main predictor of preterm birth. A few studies 
indicate that low socioeconomic status is a risk factor for preterm birth: education below 
high school graduation for 731 Korean women in a single-center retrospective study (odds 
ratio, 1.660),12 income below $1,000 for 2,645 Korean women in a multi-center prospective 
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Table 2. Percentages of GERD and periodontitis during 2002–2014
Determinants PTB 1a PTB 2 PTB 3 PTB 4 Normal
GERD_2002 0.79 0.80 0.78 0.79 0.62
GERD_2003 1.20 1.30 1.23 1.22 0.77
GERD_2004 1.49 1.59 1.54 1.55 1.02
GERD_2005 1.98 3.42 2.04 2.07 1.30
GERD_2006 2.49 2.55 2.50 2.48 1.78
GERD_2007 3.61 3.56 3.63 3.64 2.61
GERD_2008 4.45 4.35 4.45 4.43 3.22
GERD_2009 6.07 5.73 6.00 6.00 4.39
GERD_2010 6.94 6.64 6.90 6.91 5.21
GERD_2011 8.24 7.72 8.17 8.18 5.93
GERD_2012 8.88 8.27 8.73 8.71 6.86
GERD_2013 9.32 9.41 9.37 9.37 7.15
GERD_2014 10.54 10.33 10.50 10.47 7.90
Periodontitis_2002 0.07 0.07 0.07 0.07 0.04
Periodontitis_2003 0.07 0.08 0.08 0.08 0.05
Periodontitis_2004 0.07 0.09 0.08 0.08 0.09
Periodontitis_2005 0.15 0.07 0.13 0.12 0.09
Periodontitis_2006 0.18 0.29 0.20 0.20 0.11
Periodontitis_2007 0.10 0.08 0.09 0.09 0.06
Periodontitis_2008 0.07 0.07 0.08 0.08 0.06
Periodontitis_2009 0.11 0.10 0.10 0.10 0.07
Periodontitis_2010 0.09 0.07 0.09 0.08 0.07
Periodontitis_2011 0.07 0.09 0.08 0.08 0.06
Periodontitis_2012 0.06 0.06 0.06 0.06 0.06
Periodontitis_2013 0.08 0.08 0.09 0.09 0.05
Periodontitis_2014 0.09 0.09 0.08 0.08 0.05
PTB = preterm birth, GERD = gastroesophageal reflux disease.
aPTB during 2015–2017.

Table 3. Model performance
Models Accuracy AUC

PTB 1a PTB 2 PTB 3 PTB 4 PTB 1 PTB 2 PTB 3 PTB 4
Logistic regression 0.9456 0.9779 0.9307 0.9280 0.5300 0.5700 0.5400 0.5400
Artificial neural network 0.9456 0.9779 0.9307 0.9280 0.5000 0.5000 0.5000 0.5000
Random forest 0.9456 0.9779 0.9307 0.9280 0.5100 0.5000 0.5100 0.5100
PTB = preterm birth, AUC = area under the receiver-operating-characteristic curve.
aPTB during 2015–2017.



study (odds ratio, 5.1)23 and employment in heavy work for 7,634 Italian women in a multi-
center retrospective study (odds ratio, 1.9).24 Socioeconomic status was measured by an 
insurance fee with the range of 1 (the highest group) to 20 (the lowest group) in this study 
and lower socioeconomic status was a risk factor for preterm birth (odds ratio, 1.0032: The 
odds of PTB 4 will go up by 3.2% if socioeconomic status go down by 10 units, e.g., from 
1 [the highest group] to 10 [the middle group]). This result is consistent with the existing 
literature and, it would be needed for preventing preterm birth to promote socioeconomic 
status for pregnant women.

To our best knowledge, this study is the first attempt to use machine learning and population 
data for finding main predictors of preterm birth and evaluating its association with GERD 
and periodontitis. The terms “artificial intelligence” and “machine learning” have garnered 
great attention on a global scale in the past decades and a vast improvement of computing 
power has been a main factor for the unprecedented performance and popularity of these 
cutting-edge approaches. This study will be a good starting point in this direction to find 
main predictors of preterm birth and draw effective implications for its prevention and 
management. However, this study still had some limitations. Firstly, this study did not 
examine possible mediating effects among variables. Secondly, this study adopted the binary 
category of preterm birth as no vs. yes. But preterm birth can have multiple categories and 
it will be a good topic for future study to compare different predictors for various categories 
of preterm birth. Thirdly, it was not the scope of this study to explore and evaluate various 
pathways between GERD and preterm birth. Little literature is available and more effort 
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Fig. 1. Variable importance from the random forest: average for PTB 1, PTB 2, PTB 3 and PTB 4. 
PTB = preterm birth, GERD = gastroesophageal reflux disease.



is needed in this direction. Fourthly, GERD was screened from ICD-10 codes in this study. 
Additional validation based on endoscopic finding and motility testing are expected to 
improve external validity for this line of research. Fifthly, this study excluded education, 
employment, upper gastrointestinal tract symptoms, Helicobacter pylori, pelvic inflammatory 
disease, various types of BMI, diabetes and hypertension, parity and medication such as 
progesterone, calcium channel blocker. Sixthly, the area under the receiver-operating-
characteristic curves of this study belonged to the range of 0.51–0.57 and they were not high 
enough to serve as diagnostic tests. Further improvement is needed and one solution would be 
to extend this study to consider various information on health status and medication history. 
Finally, further investigations of single vs. multiple gestation, first vs. recurrent preterm birth, 
would deliver more insights and more detailed clinical implications.25,26

In conclusion, preterm birth has a stronger association with GERD than with periodontitis. 
For the prevention of preterm birth, preventive measures for GERD would be essential 
together with the improvement of socioeconomic status for pregnant women. Especially, 
it would be vital to promote active counseling for general GERD symptoms (neglected by 
pregnant women).
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Table 4. Coefficients of predictors from logistic regression for each type of PTB
Determinants PTB 1a PTB 2 PTB 3 PTB 4
GERD_2002 0.9544 1.0025 0.9592 0.9708
GERD_2003 1.0716 1.2522* 1.1327* 1.1078
GERD_2004 1.0650 1.0778 1.0824 1.0915
GERD_2005 1.0950 1.0906 1.1172* 1.1459*
GERD_2006 1.0723 1.1095 1.0648 1.0511
GERD_2007 1.0202 1.0735 1.0343 1.0413
GERD_2008 1.0462 1.0971 1.0730* 1.0609
GERD_2009 1.0768* 1.0381 1.0766* 1.0792*
GERD_2010 1.0424 0.9652 1.0349 1.0400
GERD_2011 1.0862* 1.0414 1.0834* 1.0800*
GERD_2012 1.0420 0.9931 1.0244 1.0230
GERD_2013 1.0099 1.0615 1.0278 1.0317
GERD_2014 1.0368 1.0526 1.0393 1.0360
Periodontitis_2002 1.3104 1.0205 1.2382 1.1803
Periodontitis_2003 0.9851 1.1937 1.1632 1.1980
Periodontitis_2004 0.6649 0.7627 0.7044 0.7245
Periodontitis_2005 1.4547* 0.2311* 1.1135 1.0654
Periodontitis_2006 1.2991 2.1960* 1.5374* 1.4755*
Periodontitis_2007 1.2063 0.5800 1.1270 1.0833
Periodontitis_2008 0.8798 1.0610 1.0316 1.0571
Periodontitis_2009 1.5617* 1.0737 1.2373 1.2520
Periodontitis_2010 0.8903 1.0944 0.9954 0.9444
Periodontitis_2011 0.7997 1.0785 0.8899 0.9991
Periodontitis_2012 0.7696 0.9035 0.8063 0.8393
Periodontitis_2013 1.1700 1.1032 1.2903 1.3994
Periodontitis_2014 1.4784 1.6822 1.4200 1.3511
Age in 2014 1.0174* 1.0664* 1.0279* 1.0305*
Socioeconomic status in 2014 1.0033* 1.0021 1.0031* 1.0032*
Region in 2014 1.0803* 0.9004* 1.0088 1.0244
PTB = preterm birth, GERD = gastroesophageal reflux disease.
aPTB during 2015–2017.
*P < 0.10.



SUPPLEMENTARY MATERIALS

Supplementary Table 1
ICD-10 code for PTB, GERD and periodontitis

Click here to view

Supplementary Fig. 1
Variable importance from the random forest: separate for PTB 1, PTB 2, PTB 3 and PTB 4.

Click here to view
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Determinants PTB 1a PTB 2 PTB 3 PTB 4
GERD_2002 0.630 0.986 0.626 0.723
GERD_2003 0.395 0.046* 0.077* 0.142
GERD_2004 0.377 0.474 0.207 0.154
GERD_2005 0.144 0.347 0.043* 0.011*
GERD_2006 0.207 0.202 0.201 0.303
GERD_2007 0.670 0.305 0.417 0.320
GERD_2008 0.290 0.143 0.061* 0.111
GERD_2009 0.044* 0.506 0.024* 0.017*
GERD_2010 0.227 0.510 0.264 0.193
GERD_2011 0.010* 0.415 0.005* 0.006*
GERD_2012 0.181 0.885 0.381 0.402
GERD_2013 0.746 0.193 0.310 0.239
GERD_2014 0.206 0.238 0.130 0.157
Periodontitis_2002 0.436 0.972 0.500 0.601
Periodontitis_2003 0.963 0.697 0.577 0.492
Periodontitis_2004 0.187 0.550 0.190 0.214
Periodontitis_2005 0.075* 0.040* 0.604 0.760
Periodontitis_2006 0.187 0.001* 0.010* 0.020*
Periodontitis_2007 0.500 0.351 0.638 0.753
Periodontitis_2008 0.681 0.897 0.905 0.827
Periodontitis_2009 0.058* 0.864 0.355 0.319
Periodontitis_2010 0.697 0.829 0.985 0.822
Periodontitis_2011 0.515 0.869 0.687 0.997
Periodontitis_2012 0.472 0.842 0.492 0.561
Periodontitis_2013 0.602 0.830 0.320 0.169
Periodontitis_2014 0.178 0.214 0.184 0.255
Age in 2014 0.000** 0.000** 0.000** 0.000**
Socioeconomic status in 2014 0.069* 0.449 0.051* 0.040*
Region in 2014 0.022* 0.029* 0.764 0.403
PTB = preterm birth, GERD = gastroesophageal reflux disease.
aPTB during 2015–2017.
*P < 0.100; **P < 0.001.
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