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Abstract 
This study presents prediction model results for identification of pregnancies at high risk of preterm birth using claims data and Lasso logistic regression models. 
Prediction models were developed using three target cohorts subjects with 1) first pregnancies; 2) one or more prior pregnancies; and 3) all pregnancies.  The outcome cohort was live births between 20 and 28 (extreme preterm) weeks gestation. Three administrative claims datasets were used: IBM MarketScan® Commercial Database (CCAE), IBM MarketScan® Multi-State Medicaid Database (MDCD), and Optum© De-Identified Clinformatics® Data Mart Database Socio-Economic Status (SES). 
Amongst all pregnancies, pre-term birth could be predicted with high predictive accuracy in all databases (AUC>0.70).  Predictive accuracy was lower amongst models for first-time pregnancies.  Among the predictors identified in the models, several were previously published predictors, including hypertension, diabetes mellitus, parity, cervical length, age, prior preterm birth, twin birth, and myomas and adenomyosis.  All models selected >1300 variables to maximize discrimination.  These models may be clinically useful to identify women at risk of preterm birth using variables ascertained prior to pregnancy, which can be used to target women with interventions to reduce preterm delivery negative outcomes. 

Background
Preterm birth, i.e., birth between 20 and 37 weeks of gestation, is the leading cause of disease burden for newborns and children in the world. Every year, an estimated 15 million babies are born preterm. Preterm birth complications are the leading cause of death among children under 5 years of age, responsible for approximately 1 million deaths in 2015. The preterm birth rate is rising in high income countries. If a model could be developed that can predict patients at risk of preterm delivery then high risk patients could be offered interventions or more closely monitored to reduce mortality.
There are three sub-categories of preterm birth, based on gestational age: extremely preterm (less than 28 weeks); very preterm (28 to 32 weeks); and moderate to late preterm (32 to 37 weeks) (1, 2). 
The causes of preterm birth remain unclear but the following maternal conditions are reported to be risk factors for spontaneous preterm labor and birth: 1) socioeconomic determinants including low education, low income, heavy workload; 2) health-related factors such as body mass index (BMI), diabetes mellitus, hypertensive disorder; and 3) obstetric determinants including infection, parity, vaginal bleeding during pregnancy, the history of abortion, cesarean section, placenta abruption, placenta previa and/or preterm birth (3-8). A prior prediction study attempted to inform this question, and showed modest performance, but had substantial methodological limitations (9). Prior studies have employed relative risk regression models used a small subset of variables and assumed others were constant. Our study uses large observational datasets containing thousands of preterm birth outcomes and will be used to develop highly discriminative models using predictors that are recorded prior to pregnancy.   This purpose of this study is to develop extreme preterm birth prediction models using three healthcare claimbases using Lasso logistic regression models, would could be used at a time a women becomes pregnant to identify which women may benefit from considering interventions to reduce negative preterm birth outcomes..
Methods
This study used the IBM MarketScan® Commercial Database (CCAE), IBM MarketScan® Multi-State Medicaid Database (MDCD), and Optum© De-Identified Clinformatics® Data Mart Database Socio-Economic Status (SES) (2006/01/01 and 2017/12/31) transformed to the Observational Medical Outcomes Partnership Common Data Model (10, 11).   Our study builds upon a previously developed algorithm inferring pregnancy episodes and their outcomes, which was validated in three US based claims databases and the UK Clinical Practice Research Datalink (CPRD) (12).   We defined three target cohorts by including 1) subjects with first observed pregnancies; 2) subjects with one or more prior pregnancies; and 3) all pregnancies. We defined the outcome cohort by including pregnant subjects with live birth between 20 and 28 weeks gestation (extreme preterm).   Prediction was performed using LASSO logistic regression. Thousands of binary candidate predictors were created using records prior to conception and included demographics, condition occurrences, drug exposures, procedures performed, measurements, and visit counts in three time periods (30, 365, and all days prior to index pregnancy).   Model discrimination was assessed by calculating the area under the Receiver Operating Characteristic curve (AUC) and model calibration was assessed using the calibration slope.

Results
Table 1 summarizes the target populations and the internal AUCs across the databases. The AUCs ranged between 0.637-0.802 and the calibration slopes were consistently around 1.
Among the predictors identified in the models six out of ten of previously published predictors (hypertension, diabetes mellitus, parity, cervical length, age, prior preterm birth, and myomas and adenomyosis) were included in the final models.  

Conclusions 
We have developed models that can be applied using routinely collected data ascertained prior to pregnancy to predict a woman's personal risk of having an extreme preterm delivery.  These models could be applied to identify high risk populations that may benefit from interventions such as additional education about preterm complications and/or being more closely monitored during pregnancy. Next steps will focus on externally validating the prediction models, improving model performances, and creating a simple model that can be readily applied.
Table 1. The study populations and internal AUROC in three claims databases
	Database
	Target (pregnancy type)
	Internal AUC
	Population Size 
(N)
	Outcome Count (N)
	Internal Calibration Slope
	Number of Predictors in Final Model

	CCAE
	first
	0.688
	264,569
	4,208
	1.026
	968

	CCAE
	prior
	0.775
	80,822
	723
	1.090
	482

	CCAE
	all
	0.800
	411,455
	6,574
	1.033
	1974

	MDCD
	first
	0.637
	84,833
	2,710
	1.008
	621

	MDCD
	prior
	0.660
	24,658
	728
	1.110
	309

	MDCD
	all
	0.704
	133,624
	4,038
	1.009
	1382

	OPTUM SES
	first
	0.684
	120,734
	1,858
	1.055
	483

	OPTUM SES
	prior
	0.745
	39,316
	340
	0.964
	358

	OPTUM SES
	all
	0.802
	192,243
	2,984
	1.046
	1399
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