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Abstract 
 
Preterm birth (PTB) is an important public health issue. A suite of biomedical and 
social factors, including history of adverse reproductive events, increase the risk of 
PTB. Existing studies on adverse reproductive events and PTB mainly focus on one 
type of adverse reproductive event. Few examined a comprehensive array of them. 
In this study, we aim to investigate the association between a comprehensive array 
of adverse reproductive events and PTB. Applying logistic and logit regressions, we 
find significant bivariate association between any adverse reproductive 
events/stillbirth/miscarriage and PTB. However, their associations attenuate after 
we adjust other confounders with one exception. That is the number of miscarriage 
is still significantly associated with PTB. Specifically, each one additional 
miscarriage is associated with a 6% higher risk of PTB. Possible biological 
mechanisms and the study limitations and strengths are discussed. Similar studies 
applying population representative pregnancy registry data could be an improved 
next step.    
 



Introduction 
 
Preterm births (PTB) complications are the leading cause of child mortality in the 
US and globally.1,2 In the US, the burden of PTB is increasing due to high rates of PTB 
and improved survival of very PTB babies. At present, PTB affects 1 in 9 births and 1 
in 6 African American births, and persistent racial disparities remain.3-5 If survived, 
children born prematurely could suffer from many short- and long-term 
complications, e.g. neonatal respiratory distress and cerebral palsy.3, 6  
 
A suite of biomedical and social factors increase the risk of PTB. Those include 
history of PTB, abortions, race, and neighborhood poverty.3, 6-13 Despite mounting 
evidence, PTB is still largely unpredictable.3 Identifying women at high-risk of PTB 
is important because it is a critical step to prevent PTB. More research is urgently 
needed to better understand the primary causes of PTB.3 Institute of Medicine 
recommended to “investigate the etiologies of PTB” and “study the multiple 
psychosocial, behavioral, and environmental risk factors associated with PTB 
simultaneously”.3 The recommendations highlight the significance of the application 
of interdisciplinary approaches to investigate the joint effects of social and 
biomedical risk factors. Indeed, risk factors of PTB may accumulate longitudinally 
through the life course of women’s reproductive career given their social, economic 
and demographic background. In this study, we apply an interdisciplinary approach 
to understand the joint effects of biomedical and social etiologies of PTB. 
Specifically, we seek to examine the effects of a comprehensive array of adverse 
reproductive events on PTB by applying the life course framework. 
 
Applying the life course perspective to women’s reproductive career, risk factors 
and outcomes of previous pregnancies could accumulate in a complex manner to 
influence the outcomes of subsequent pregnancies.14 Reproductive health is a 
continuum. Age at menarche, menstrual cycle pattern, spontaneous abortion, 
induced abortion, or stillbirth may all influence the risk of PTB. Empirical evidence 
supports this theory, showing that history of PTB, spontaneous abortion, and 
induced abortion all increase the risk of PTB.3, 9 However, most studies examined 
these adverse pregnancies individually, but few considered a comprehensive array 
of them together. In addition, previous studies often ignored the correlated nature 
of reproductive events within the same women, potentially leading to biased 
statistical inference.15  
 
We aim to fill these gaps by tracking women’s adverse reproductive events from age 
at menarche, taking advantage of the extensive data on PTB collected in the Boston 
Birth Cohort. We answer the following research questions. Does adverse 
reproductive events increase the risk of PTB? If so, what types of adverse 
reproductive events and how much do they increase the risk of PTB? Does the 
number of adverse reproductive events matter? Does multiple types of adverse 
reproductive events further increase the risk of PTB? Will these differ between 
multiparous vs. nulliparous women? 
 



Methods 
 
Study data 
 
Boston Birth Cohort has been enrolling women at the Boston Medical Center since 
October 1998. Boston Medical Center is a large urban hospital with a predominantly 
minority, inner-city patient population.16 The BBC was set up to study PTB, hence 
women with PTB were over-sampled. Out of the 8,494 births collected in BBC thus 
far, 2,311 were PTB and 3,579 were the first live births (mothers of whom were 
nulliparous).  
 
The study outcome is whether a live birth is preterm, defined as a live birth 
occurred before 37 weeks of gestational age. Gestational age here was determined 
by “the first day of the last menstrual period and early prenatal ultrasonographic 
results”.16 The PTB status was extracted from electronic medical records and further 
distinguished into spontaneous PTB and medically indicated PTB.  
 
The risk factor of interest is a comprehensive array of adverse reproductive events. 
Information on adverse reproductive events was collected up to 12 pregnancies 
before the index pregnancy captured by BBC. The information was collected based 
on retrospective self-reports using a standardized questionnaire. Measures of 
general characteristics of a woman’s reproductive cycle, including age at menarche 
and menstrual regularity are available. In addition, gestational age, pregnancy 
complications, type of delivery, and presence of congenital abnormalities, and types 
of adverse reproductive events (i.e. live birth, stillbirth, miscarriage, induced 
abortion, moles and ectopic pregnancy) are also available for each of the 12 
pregnancies. Other known risk factors of PTB were extensively measured in BBC 
and are adjusted in the analyses. 
 
Statistical analyses 
 
We conducted systematic data cleaning. Missing data is a non-trivial issue because 
we rely on women’s self-reports of their history of adverse reproductive events. 
What is often missing is the date when these events occurred. However, in this 
study, we only use an indication (whether or not it happened) or the number of each 
event. Thus even though exact date of each event was missing, we assume that such 
reported events occurred. This minimizes the impact of the missingness. For 
additional missing data, e.g. those among known risk factors of PTB which we adjust 
in the regressions, we used k-Nearest Neighbor imputation provided in R package 
VIM17 and present the regression results without and with imputation. The 
underlying assumption of this approach is such that the distribution of the known 
risk factor is similar among those missing and non-missing.  
 
Ideally, we would line up all adverse reproductive events chronologically and apply 
longitudinal data analysis techniques to analyze the data. However, we are not able 
to do so because we have a lot of missing data on when the adverse pregnancy 



events occur. Instead we chose a regular logistic regression. But in addition to 
derive odds ration (OR) through the logistic regression, we also derived relative risk 
(RR) through a logit regression. The reason we also derived RR is that it is a 
commonly accepted measure for risk. The OR is often calculated because it is a 
convenient parameter in logistic regression. It is widely understood that OR is 
approximately the same as RR if the prevalence rate of the condition under 
investigation is very small (for rare event). But there could be a non-ignorable 
difference between these two measures when the event is not rare. The condition 
under investigation in our study is PTB, and it is not rare. In fact, because of the over 
sampling design of the Boston Birth Cohort, the PTB prevalence in this study dataset 
is 27%. Therefore, we estimated both RR and OR in this study.  
 
To derive RR for continuous variable (e.g. reproductive time, age), confounders’ 
values are fixed to mean. For binary confounders (e.g. menstrual regularity, 
hypertension), their values are set to zero. And for nominal confounders (e.g. race, 
education), their values are set to their reference level. The confidence interval of 
RR is derived using bootstrapping.  
 
Through the regressions, we examined the following associations: 1) association 
between any adverse reproductive event and PTB; 2) association between a specific 
type of adverse reproductive event and PTB; 3) association between number of 
adverse reproductive events and PTB; and 4) association between two or more 
adverse reproductive events and PTB. All the analyses were done separately for 
nulliparous and multiparous women as initial exploration of the data suggests that 
different associations exist when comparing the two groups of women.  
 
We used Akaike’s An Information Criterion to select all a set of confounders 
included in the model for nulliparous and multiparous women and using R package 
glmulti,18 we could automatically compare all possible models and find the best 
models in terms of smallest AIC values. 
 
We plan to also conduct the following stratified analyses and sensitivity analyses: 

• Stratified analyses 
o By PTB subtypes: i.e. spontaneous versus medically indicated PTB 
o By age groups: <20, 20-34, 35+  
o By race, and  
o By gender of the baby 

• Sensitivity analyses 
o Excluding imputed cases 
o Retrospective study design often oversamples women with very short 

or very long reproductive life span. Therefore we will exclude these 
outliers (e.g. those <15y or >50y) to minimize the oversampling issue.  

 
Results 
 



A total of 2,496 out of 3,493 nulliparous women and 3,185 out of 4,594 multiparous 
women were included in the analysis.  
 
Webappendix tables 1 and 2 show the bivariate association between PTB and 
known risk factors among nulliparous and multiparous women, respectively. No 
missing imputation is included in these two tables and the extent of missingness by 
risk factor is reported. Overall, as expected, most known risk factors are associated 
with PTB.   
 
Tables 1 and 2 present the bivariate association between PTB and adverse 
reproductive events among nulliparous and multiparous women, respectively. Here 
imputation to address missingness has been included. We find that any reported 
adverse reproductive event, miscarriage, and the number of miscarriage are all 
associated with increased risk of PTB among both nulliparous and multiparous 
women. However, stillbirths and number of stillbirths are only robustly associated 
(i.e. both OR and RR are statistically significant) with PTB among multiparous 
women.  
 
Tables 3 and 4 show the adjusted association between preterm births and adverse 
reproductive event among nulliparous and multiparous women, respectively. 
Imputation to address missingness is included here. No robust statistical association 
is identified among nulliparous women between adverse reproductive events and 
PTB after known confounds are adjusted. Among multiparous women, the number 
of miscarriage is still statistically significant (OR: 1.07, 95% confidence interval 
(1.00, 1.17); RR: 1.06, 95% confidence interval (1.00, 1.14)) after controlling for 
confounders. Specifically, for each one more miscarriage women reported, they are 
at a 6% higher risk of having a subsequent PTB. No combination of two events is 
statistically significant.   
 
Discussion 
 
We find significant bivariate association between any adverse reproductive 
events/stillbirth/miscarriage and PTB. However, their associations attenuate after 
we adjust other confounders with one exception. That is the number of miscarriage 
is still significantly associated with PTB. Each one additional miscarriage is 
associated with a 6% higher risk of PTB.    
 
Previous studies suggest that there could be several possible biological mechanisms 
linking miscarriage and PTB. First, inflammation state from miscarriage could 
trigger maternal or fetal hypothalamic-pituitary-adrenal (HPA) axis that led to the 
subsequent PTB.19, 20 Second, cervical trauma, cervical incompetence, or changes in 
the cervicovaginal flora after miscarriage could play a role.21-23 Lastly, miscarriage 
and PTB may be both rooted in placental issues.  
 
The study is subject to a number of limitations. First, the number of adverse 
reproductive events is not particularly large. Given the number of cases and the 



amount of confounders adjusted, we speculate that our models may be over-
saturated. We will further investigate this issue. Second, our adverse reproductive 
events are based on retrospective self-reports. Such measures are subject to recall 
bias and suffer from missing data issues. We did conduct imputation to try to 
alleviate the missingness. Results are not qualitatively different with and without 
imputed cases. Third, the study population is urban minority population. Hence the 
results have limited external validity. To systematically address these issues, a large 
representative population study using pregnancy registry data could be an 
improved next step.  

 
Meanwhile, the study has a few strengths. Different from previous studies, this 
study examines a comprehensive array of adverse reproductive events. In addition, 
we also considered length of reproductive life span and menstrual regularity, which 
was not previously done. Lastly, we have good measures of PTB based on electronic 
medical records.  
 
Additional studies examining reproductive history as a whole are needed to confirm 
the study finding. Biomarkers can be integrated into the analyses to further control 
known risk factors of PTB. If the study results can be replicated elsewhere, 
obstetricians should be advised to provide counseling to their patients who have 
had a history of miscarriage on heightened PTB risk. Relevant health management 
approaches should also be advised. Clearly, to reduce PTB, it is critical to prevent 
and minimize adverse reproductive events. To achieve this goal, demographic (e.g. 
promote modern family planning use and minimize unintended pregnancies) and 
health (e.g. timely management of intrauterine infection) preventions can be used.  
 
  



Tables and Figures 
 



Table 1. Bivariate association between preterm births and adverse reproductive events among nulliparous women, with 
imputation 
 

Variables 

Full term 
(N=2531) 

Preterm 
(N=962) 

  

% or mean % or mean Odds ratio 
Relative risk  

(baseline = 0) 
Indication of any adverse pregnancy 27.93 34.41 1.35 (1.14, 1.57) 1.24 (1.11, 1.38) 
Indication of stillbirth  0.32 1.35 4.32 (0.50, 8.14) 2.26 (1.46, 3.00) 
Indication of miscarriage 12.96 20.17 1.70 (1.36, 2.03) 1.44 (1.27, 1.63) 
Indication of abortion 17.19 18.09 1.06 (0.86, 1.27) 1.05 (0.91, 1.21) 
Indication of ectopic 0.99 0.83 0.84 (0.17, 1.51) 0.88 (0.38, 1.47) 
Number of stillbirth 0.00 0.01 4.21 (0.58, 7.85) 2.24 (1.52, 3.03) 
Number of miscarriage 0.18 0.30 1.37 (1.21, 1.53) 1.25 (1.16, 1.37) 
Number of abortion 0.23 0.25 1.05 (0.92, 1.18) 1.04 (0.95, 1.13) 
Number of ectopic 0.01 0.01 0.75 (0.23, 1.26) 0.80 (0.42, 1.21) 

 
  



Table 2. Bivariate association between preterm births and adverse reproductive events among multiparous women, with 
imputation 
 

Variables 
Full term 
(N=3319) 

Preterm (N=1275)   

% or mean % or mean Odds ratio Relative risk (baseline = 0) 
Indication of any adverse pregnancy 47.36 54.75 1.34 (1.17, 1.52) 1.24 (1.13, 1.37) 
Indication of stillbirth  2.74 4.55 1.69 (1.12, 2.26) 1.42 (1.11, 1.73) 
Indication of miscarriage 26.66 34.82 1.47 (1.27, 1.67) 1.31 (1.20, 1.44) 
Indication of abortion 25.46 27.22 1.09 (0.93, 1.25) 1.07 (0.96, 1.18) 
Indication of ectopic 1.99 1.96 0.99 (0.53, 1.44) 0.99 (0.68, 1.34) 
Number of stillbirth 0.03 0.05 1.50 (1.05, 1.93) 1.32 (1.04, 1.59) 
Number of miscarriage 0.36 0.53 1.30 (1.19, 1.40) 1.20 (1.14, 1.28) 
Number of abortion 0.40 0.44 1.05 (0.98, 1.14) 1.04 (0.98, 1.10) 
Number of ectopic 0.02 0.02 0.95 (0.55, 1.35) 0.96 (0.66, 1.25) 

 



Table 3. Adjusted1 association between preterm births and adverse reproductive event among nulliparous women, with 
imputation 
 

Variables 
Full term  

(N=2,531) 
Preterm  
(N=962) 

  

% or mean % or mean Odds ratio Relative risk 
Indication of any adverse pregnancy 27.93 34.41 1.11 (0.92, 1.31) 1.08 (0.95, 1.22) 

Indication of stillbirth 0.32 1.35 2.10 (0.03, 4.17) 1.64 (0.84, 2.77) 

Indication of miscarriage 12.96 20.17 1.25 (0.97, 1.52) 1.17 (1.00, 1.38) 

Indication of abortion 17.19 18.09 1.01 (0.80, 1.23) 1.01 (0.85, 1.18) 

Indication of ectopic 0.99 0.83 0.73 (0.09, 1.37) 0.79 (0.26, 1.40) 
Number of stillbirth 0.00 0.01 2.13 (0.14, 4.13) 1.66 (0.90, 2.71) 
Number of miscarriage 0.18 0.30 1.11 (0.96, 1.26) 1.08 (0.99, 1.19) 
Number of abortion 0.23 0.25 1.00 (0.86, 1.13) 1.00 (0.90, 1.10) 
Number of ectopic 0.01 0.01 NA NA 
Indication of stillbirth x miscarriage 0.00 0.01 NA NA 
Indication of miscarriage x abortion 0.03 0.05 1.06 (0.52, 1.60) 1.04 (0.66, 1.49) 
2Indication of stillbirth vs no APH3 0.444 2.02 2.17 (1.97, 2.36) 1.68 (0.85, 2.85) 
Indication of miscarriage vs no APH 15.24 23.52 1.25 (1.02, 1.48) 1.18 (0.99, 1.39) 
Indication of abortion vs no APH 19.26 21.61 1.05 (0.76, 1.35) 1.04 (0.87, 1.22) 

 
1Adjusted confounders include reproductive time, menstrual regularity, general life stress, intrauterine infection, pregnancy-induced hypertension, 
cervix incompetency, illicit drug use, alcohol use, family support, and receipt of public assistance. Their inclusion is based on the best regression fit 
using Akaike’s An Information Criterion.  
2Here we consider three-level categorical exposure variable either (1) indication of stillbirth, (2) no adverse pregnancy history at all, and (3) any 
adverse pregnancy history other than stillbirth. Same for miscarriage and abortion.   
3APH = adverse pregnancy history 
4Proportion of stillbirth in history among the women who have never had adverse pregnancy history other than stillbirth. Same for miscarriage and 
abortion.  



Table 4. Adjusted1 association between preterm births and adverse reproductive events among multiparous women, with 
imputation 
 

Variables 

Full term 
(N=3,319) 

Preterm  
(N=1,275) 

   

% or mean % or mean Odds ratio 
Relative risk 

(preterm history = 0) 
Relative risk 

(preterm history = 
1) 

Indication of any adverse pregnancy 47.36 54.75 1.01 (0.86, 1.15) 1.01 (0.88, 1.15) 1.00 (0.90, 1.12) 
Indication of stillbirth  2.74 4.55 1.39 (0.88, 1.91) 1.34 (0.92, 1.80) 1.26 (0.95, 1.59) 
Indication of miscarriage 26.67 34.82 1.13 (0.96, 1.31) 1.12 (0.98, 1.27) 1.09 (0.97, 1.21) 
Indication of abortion 25.46 27.22 0.86 (0.72, 1.00) 0.87 (0.76, 1.01) 0.90 (0.78, 1.01) 
Indication of ectopic 1.99 1.96 0.94 (0.46, 1.42) 0.95 (0.55, 1.47) 0.96 (0.60, 1.31) 
Number of stillbirth 0.03 0.05 1.26 (0.85, 1.66) 1.22 (0.92, 1.64) 1.17 (0.90, 1.46) 
Number of miscarriage 0.36 0.53 1.08 (0.99, 1.18) 1.07 (1.00, 1.17) 1.06 (1.00, 1.14) 
Number of abortion 0.40 0.44 0.93 (0.85, 1.01) 0.94 (0.87, 1.01) 0.95 (0.89, 1.01) 
Number of ectopic 0.02 0.02 0.91 (0.49, 1.33) 0.92 (0.54, 1.36) 0.93 (0.60, 1.28) 
Indication of stillbirth x miscarriage 0.01 0.01 0.69 (0.14, 1.25) 0.78 (0.32, 1.61) 0.75 (0.33, 1.37) 
Indication of miscarriage x abortion 0.07 0.11 1.19 (0.89, 1.60) 1.17 (0.87, 1.56) 1.13 (0.91, 1.40) 
2Indication of stillbirth vs no APH3 4.954 9.13 1.38 (1.24, 1.53) 1.33 (0.96, 1.83) 1.26 (0.94, 1.63) 
Indication of miscarriage vs no APH 33.62 43.49 1.09 (0.92, 1.26) 1.08 (0.93, 1.25) 1.06 (0.94, 1.20) 
Indication of abortion vs no APH 32.60 37.55 0.89 (0.69, 1.09) 0.90 (0.77, 1.05) 0.92 (0.80, 1.05) 

 
1Adjusted confounders include reproductive time, indication of preterm birth in history, general life stress, intrauterine infection, pregnancy-induced 
hypertension, gestational diabetes mellitus, cervix incompetency, smoking experience, body mass index, and receipt of public assistance. Their inclusion 
is based on the best regression fit using Akaike’s An Information Criterion.  
2Here we consider three-level categorical exposure variable either (1) indication of stillbirth, (2) no adverse pregnancy history at all, and (3) any 
adverse pregnancy history other than stillbirth. Same for miscarriage and abortion.   
3APH = adverse pregnancy history 
4Proportion of stillbirth in history among the women who have never had adverse pregnancy history other than stillbirth. Same for miscarriage and 
abortion. 
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Webappendix: 
 
Webappendix table 1. Bivariate association between preterm births and established risk factors with missingness among 
nulliparous women 
 

Variables 
Full term (N=2531) Preterm (N=962)   

Missing (%) 
% or mean % or mean Odds ratio 

Relative risk 
(baseline = 0 or mean) 

Reproducible time (yr) 12.29 13.10 1.02 (1.01, 1.04) 1.02 (1.01, 1.03) 1.75 
Menstrual regularity 86.19 81.78 0.72 (0.58, 0.86) 0.79 (0.70, 0.92) 0.72 
Perceived psychosocial stress (z-
score) 

     

General life stress  0.65 0.76 1.31 (1.15, 1.46) 1.22 (1.12, 1.32) 0.72 
Stress during pregnancy 0.76 0.86 1.21 (1.09, 1.33) 1.15 (1.07, 1.25) 0.60 

Major maternal medical conditions      
Intrauterine infection 16.79 23.86 1.55 (1.27, 1.84) 1.37 (1.22, 1.53) 1.03 
Pregnancy-induced hypertension 8.47 25.68 3.73 (2.98, 4.49) 2.26 (2.04, 2.52) 1.40 
Gestational diabetes mellitus 3.98 6.87 1.81 (1.21, 2.42)    1.49 (1.19, 1.80) 8.76 

Other maternal characteristics, also 
add delivery mode 

     

Age         25.06 25.74 1.02 (1.01, 1.03) 1.02 (1.01, 1.03) 0.00 
Race      

Black 30.23 33.37 1.15 (0.97, 1.33) 1.11 (0.99, 1.24) 0.00 
White 13.59 14.76 1.10 (0.87, 1.33) 1.07 (0.90, 1.25) 0.00 
Hispanic 27.87 24.32 0.83 (0.69, 0.97) 0.87 (0.76, 0.98) 0.00 
Others 28.09 27.55 0.97 (0.81, 1.13) 0.98 (0.87, 1.10) 0.00 

Cervix Incompetency 0.68 6.48 10.18 (4.66, 15.70) 2.98 (2.58, 3.34) 0.60 
Maternal education      
        Lower than high school 30.01 28.94 0.95 (0.79, 1.10) 0.96 (0.85, 1.08) 1.57 

High School or GED 30.63 33.54 1.14 (0.96, 1.32) 1.10 (0.98, 1.23) 1.57 
Some college or above 39.30 37.71 0.93 (0.78, 1.07) 0.95 (0.85, 1.07) 1.57 

Illicit drug use 20.83 27.02 1.41 (1.16, 1.65) 1.27 (1.13, 1.43) 3.18 
Alcohol use (from before 6 month of 

pregnancy) 
34.37 30.68 0.85 (0.71, 0.98) 0.88 (0.79, 0.99) 2.61 

Ever smoke  16.55 20.94 1.34 (1.08, 1.59) 1.23 (1.07, 1.41) 0.72 



Maternal BMI          24.71 25.46 1.02 (1.01, 1.03) 1.02 (1.01, 1.03) 6.58 
Family support 2.45 2.40 0.90 (0.80, 1.01) 0.93 (0.88, 1.02) 6.33 

     Receipt of public assistance 7.35 13.52 1.98 (1.49, 2.45) 1.57 (1.35, 1.81) 4.38 

 



Webappendix table 2. Bivariate association between preterm births and established risk factors with missingness among 
multiparous women  
 

Variables 
Full term (N=3319) Preterm (N=1275)   

Missing (%) 
% or mean % or mean Odds ratio 

Relative risk 
(baseline = 0 or mean) 

Reproducible time (yr) 17.00 18.23 1.03 (1.02, 1.05) 1.03 (1.02, 1.04) 2.66 
Preterm birth history 15.28 37.64 3.35 (2.85, 3.84) 2.21 (2.03, 2.42) 0.00 
Menstrual regularity 89.11 87.53 0.86 (0.69, 1.03) 0.90 (0.79, 1.04) 0.85 
Perceived psychosocial stress (z-
score) 

     

    General life stress  72.09 83.66 1.30 (1.17, 1.43) 1.21 (1.13, 1.31) 0.81 
Stress during pregnancy 80.89 92.63 1.24 (1.13, 1.35) 1.17 (1.09, 1.25) 0.76 

Major maternal medical conditions      
    Intrauterine infection 8.68 21.31 2.85 (2.33, 3.37) 1.97 (1.79, 2.17) 0.78 

Pregnancy-induced hypertension 7.99 25.08 3.86 (3.16, 4.55) 2.29 (2.07, 2.51) 2.00 
Gestational diabetes mellitus 7.28 9.56 1.35 (1.03, 1.66) 1.23 (1.04, 1.45) 6.38 

Other maternal characteristics, also 
add delivery mode 

     

 Age 30.07 31.10 1.03 (1.02, 1.04) 1.03 (1.01, 1.04) 0.00 
Race      

        Black         32.96 35.22 1.11 (0.96, 1.26) 1.07 (0.98, 1.18) 0.00 
White 9.58 11.22 1.19 (0.94, 1.44) 1.13 (0.97, 1.29) 0.00 
Hispanic 30.28 26.98 0.85 (0.73, 0.97) 0.89 (0.80, 1.00) 0.00 
Others 27.18 26.59 0.97 (0.83, 1.11) 0.98 (0.83, 1.11) 0.00 

Cervix Incompetency 1.36 5.92 4.57 (2.85, 6.28) 2.34 (2.00, 2.68) 0.33 
Maternal education      

        Lower than high school 33.23 32.88 0.98 (0.85, 1.12) 0.98 (0.89, 1.08) 2.24 

        High School or GED          33.88 37.64 1.18 (1.02, 1.34) 1.12 (1.02, 1.23) 2.24 

        Some college or above 32.89 29.48 0.85 (0.73, 0.97) 0.89 (0.80, 0.98) 2.24 
Illicit drug use 18.90 26.13 1.52 (1.28, 1.75) 1.34 (1.20, 1.49) 3.77 
Alcohol use (from before 6 month of 
pregnancy) 

26.43 28.51 1.11 (0.95, 1.27) 1.08 (0.97, 1.20) 2.96 

Ever smoke  17.89 26.52 1.66 (1.40, 1.91) 1.42 (1.28, 1.56) 0.89 
Maternal BMI 26.75 26.84 1.00 (0.99, 1.01) 1.00 (0.99, 1.01) 7.14 



Family support               2.33 2.34 1.03 (0.93, 1.13) 1.02 (0.95, 1.10) 7.55 
Receipt of public assistance             7.71 12.58 1.72 (1.35, 2.09) 1.45 (1.25, 1.64) 4.72 



 


