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Abstract  

 

Spatial Variation in Preterm Birth and Risk Factors in Five Counties Around Atlanta, GA 

By Angela Largen 

 
 

Background: Preterm birth is a major contributor to infant morbidity and mortality and is a 
continuing burden in the US despite modern medical care. Many risk factors are implicated in the 
progression of preterm birth. Health interventions exist for some of these factors, and identifying 
spatial regions containing high proportions of women with these modifiable risk factors can 
inform targeted interventions to those regions.  
Objective: The aim of this study was to identify areas with distinct spatial variation in preterm 
birth within the five core counties around Atlanta, and determine the relative contribution of 
significant modifiable risk factors in these areas. Additionally, this study will ascertain if 
differences exist between African-American women and white women in spatial patterns of 
preterm birth and risk factors.  
Methods: Birth data from the Georgia Birth File was obtained for 2005-2007. Preterm birth 
prevalence was smoothed using spatial Empirical Bayes by census tract, and areas with distinct 
spatial variation of preterm birth were selected. Regions were identified for distinctly low and 
high preterm birth prevalence among all women, black women only, and white women only. 
Attributable risks for modifiable factors were calculated to determine their relative contribution to 
preterm birth by area.   
Results: Differences were found in locations of high and low prevalence areas for white and 
black women. For the area of high preterm birth in all women, attributable risk values were 
greatest for short interpregnancy interval (4.6%), tobacco use (3.3%), and pregnancy associated 
hypertension (1.3%). In the high prevalence area for black women, the greatest attributable risk 
was due to short interpregnancy interval (5.1%), tobacco use (3.2%), and advanced maternal age 
(2.6%). In the area of high prevalence for white women only, short interpregnancy interval 
(9.5%) and eclampsia (1.4%) had the greatest attributable risk.  
Conclusion: This study highlights the existence of spatial variation of preterm birth within the 
five counties around Atlanta, and that contributions of modifiable risk factors to preterm birth 
vary by location and by race. These findings suggest health interventions should be targeted at 
specific risk factors in defined locations to have the greatest impact on preterm birth prevention.  
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1. Introduction 
 

Preterm birth is defined as birth at less than 37 weeks of gestation (1, 2). According to the 

CDC, overall prevalence in the United States increased from 11.6% in 2000 to 12.7% in 2005, 

with the greatest increase seen in late preterm birth infants (34 to 36 weeks of gestation) (3). In 

the state of Georgia, preterm births accounted for 13.4% of all births in 2008, the 12th highest rate 

in the nation that year (4). The US government continues to recognize preterm birth as a 

significant national problem, and for the past 30 years has included it in the Healthy People 

objectives. Healthy People 2020 aims to reduce preterm birth from the 2007 rate of 12.7% to 

11.4%, a modest 10% rate reduction (5). 

 Despite medical advances, prematurity accounts for a significant portion of infant 

morbidity and mortality, and contributes to health care costs in excess of $26 billion dollars 

annually in the US (1, 6). Though a leader in healthcare spending, US country indicators of health 

often lag behind those of other developed countries, and even some developing countries. Infant 

mortality is one such indicator, and in 2006 the United States was ranked 39th in infant mortality 

by the World Health Organization, tied with Lithuania, Serbia, Slovakia, and Thailand (7). From 

2000 to 2005 the infant death rate remained constant at around 6.8 deaths per 1,000 live births. 

This lack of decline in infant mortality is thought to be attributed to the increase in preterm births 

during this period (3). While the preterm birth rate declined slightly in 2006 (2), it remains a 

significant burden in the United States and is the leading cause of death among infants (8). 

Currently, 65-68.6% of infants who die are preterm (8, 9), with about 36% of total infant deaths 

attributed to causes related to preterm birth (9, 10). Preterm infants that survive face a greater risk 

of developmental disabilities and illness than infants carried to term. These include language and 

learning disabilities, ADHD, behavioral and social problems, cerebral palsy, mental retardation, 

vision and hearing problems, asthma, reoccurring infections, and poor growth (1).  
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 Numerous risk factors contributing to preterm birth have been identified, spanning 

genetics, biology, social interactions, and economic circumstance. However, it is difficult to 

establish appropriate preventative measures as multiple risks may act in concert and can vary 

between women and groups of women.  Evaluation of large, urban areas that group women 

together may overlook sub-areas with specific risk profiles that differ from the larger, aggregate 

area (11).  Using geographic information systems to identify patterns in health and location of 

risk factors has become increasingly prevalent in the literature. The importance of the location of 

maternal residence on pregnancy outcomes has been implicated in many studies. One group of 

researchers looked at spatio-temporal patterns in birth weight across term and preterm infants to 

identify areas with increasing low birth weight and possible causes in those areas (12). Other 

studies have looked spatial distribution of specific factors thought to influence birth outcomes 

such as prenatal care (13), and residential racial isolation (14). Through all of these studies, the 

connection between location and birth outcomes is emphasized.  

This project will address the issue of preterm birth in the five core counties around 

Atlanta, Georgia (Fulton, DeKalb, Gwinnett, Cobb, and Clayton county) by examining the 

contribution of individual and neighborhood level risk factors to preterm birth in this area. Risk 

factors previously identified in the literature to be significantly associated with preterm birth will 

be included. Specifically, population attributable risk percentages (PAR%) of modifiable factors 

will be calculated to further estimate the magnitude of preterm birth cases associated with each 

risk factor. Spatial variation in preterm birth across the study area will be assessed to identify 

areas of high and low preterm birth and to compare differences in attributable risks of significant 

factors between locations.  As suggested by South et al., identification of specific risk factors in 

defined geographic areas can inform more targeted interventions to reduce preterm birth rates 

(11).  
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Research questions 

• In the 5 core counties around Atlanta, GA, where are distinct areas of high and low 

prevalence of preterm birth, and what are the population attributable risk percentages for 

significant modifiable risk factors? 

• Are there differences in preterm prevalence rates and attributable risk profiles when the 

geographic scale changes from counties to census tracts? 

• Do locations of high preterm birth prevalence areas differ among African-American and 

white women within the 5 core counties in Georgia and do they have different significant 

risk factors in these high prevalence areas? 
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2. Literature Review 
 
2.1 Preterm Birth Risk Factor Overview 
 

The obstetric mechanisms that precede early parturition include preterm premature 

rupture of the membranes (PPROM) surrounding the fetus, spontaneous rupture of intact 

membranes, or indicated preterm birth (9), however the factors contributing to these causes are 

numerous and often poorly understood.  Several biological and environmental factors have been 

indicated in this progression, and the literature describing risks to early parturition suggest an 

interaction of multiple variable types. Determining risk factors leading to prematurity is essential 

for identifying women who are at an increased risk for early birth. Through early identification of 

high risk women, preventative measures can be implemented.  

 

2.2 Risk Factors During Pregnancy  

Biological changes can occur during pregnancy that can contribute to preterm birth. 

Maternal weight change has been implicated as a major independent risk factor (15). Insufficient 

weight gain during pregnancy has been suggested to increase the risk of preterm birth. A 

systematic review performed by the Research Triangle Institute found a fourfold  increase in 

preterm birth among women of normal pre-pregnancy weight with the lowest pregnancy weight 

gain (16). Excessive weight gain during pregnancy has not been implicated as a risk factor for 

early birth, and in some cases a protective effect has been suggested (OR 0.54, CI: 0.52-0.57, 

among over 300,000 women) (17). However, other maternal and fetal complications can arise 

from too much weight gained during gestation (18).   

 Additional biological changes such as gestational diabetes and pregnancy associated 

hypertension are linked to preterm birth (1). Hypertension during pregnancy is more commonly 

associated with pre-eclampsia, in which both high blood pressure and protein in the urine occur 

after 20 weeks of gestation.  It is one of the most common complications of pregnancy and is 

present in up to 26%-29% of pregnancies among women with no prior history of child birth (19). 
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Pre-eclampsia is often a basis for indicated preterm birth (9), and in one large study, posed the 

greatest risk for preterm birth yielding an adjusted odds ratio of 5.07 (CI: 4.70-5.36), with many 

of these women undergoing cesarean section (17). 

The presence of infection is widely recognized as a risk for early birth, occurring in 

around 40% of preterm cases (20). Infections leading to preterm birth can include intrauterine, 

urinary tract, and systemic infections, as well as bacterial vaginosis (21). Bacterial vaginosis, a 

shift in the normal flora which leads to a greater presence of anaerobic bacteria, has been 

associated with a 2-fold increase in preterm birth (22). 

 Inter-pregnancy interval has also been documented as a factor for preterm birth (9, 23, 

24). According to a meta-analysis by Conde-Agudelo et al., short inter-pregnancy intervals (< 18 

months between pregnancies) and long intervals (> 59 months between pregnancies) carry an 

increased risk of preterm birth compared to intervals between 18 and 59 months. The greatest risk 

was seen in smaller intervals (<18 months, adjusted OR 1.40 (CI: 1.24-1.58)) as compared to 

longer intervals (>59 months, adjusted OR 1.20 (CI: 1.17-1.24) (24). Multiple studies suggest the 

greatest risk of preterm birth occurs with intervals of less than 6 months (23, 25). Additionally, in 

a review paper by Zhu of three studies, the optimal inter-pregnancy interval to reduce the risk of 

preterm birth, along with low birth weight, and small for gestational age births, was 18-23 months 

between births (23).  Multiple gestation pregnancies are also at high risk for preterm birth, but the 

biological pathways leading to preterm birth in this group may be different than those of singleton 

births (26). 

Lifestyle choices during gestation can impact the risk of delivering early. Tobacco use 

during pregnancy can cause a small increase in the likelihood of early parturition due to 

spontaneous preterm birth, with a relative risk of 1.2 to 1.6 in women who smoke as compared to 

women who do not smoke during pregnancy (27). However, it is suggested that there is greater 

risk for indicated rather than spontaneous preterm birth among women who smoke due to 

potential deleterious health effects to the fetus (28).  The amount of alcohol consumed during 
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pregnancy can increase risk as well. In a recent study from the Danish National Birth Cohort, 

women who drank at least 4 drinks per week were at a greater risk for delivering early, with the 

highest risk seen in women who had 7 or more drinks per week. However, no risk was 

demonstrated in women who consumed less than 4 drinks per week (29). Conversely, engaging in 

physical activity during pregnancy can decrease the risk of preterm birth (29, 30). 

 

2.3 Maternal Risk Factors Prior to Pregnancy  

  Many maternal risk factors for early delivery are related to poor overall health status 

prior to conception. Both low- and high- prepregnancy weight can influence time of delivery. In a 

recent meta-analysis of 78 studies, an increased likelihood of preterm birth among underweight 

women was found across all three types of preterm birth (PPROM, spontaneous, and induced), 

with a relative risk of 1.21 (CI: 1.10-1.28) in 32 studies and 1.29 (CI: 1.10-1.46) in 14 studies 

(31). The impact of high prepregnancy weight varies across the three types of preterm birth. 

Hendler et al. reported that obese women had lower rates of spontaneous preterm births, while 

indicated preterm birth increased with increasing BMI (32). In a review of maternal obesity and 

pregnancy, Ramachenderan et al. confirms these results across numerous studies, reporting no 

significant increase in spontaneous preterm birth among obese women despite experiencing an 

increased rate of induced preterm birth due to medical concerns (18). Regardless of  the 

correlation of increased obesity with decreased spontaneous prematurity, obesity may be a 

precursor to other risk factors such as hypertension and diabetes. A history of chronic 

hypertension prior to pregnancy has been shown to increase the risk for preterm birth in general 

(OR 1.64; CI: 1.15-2.36) (33) and indicated preterm birth specifically (OR 8.1; CI: 6.2-10.6) (34) 

when compared to healthy women.  

 Pregestational diabetes has also been implicated in early parturition. Sibai et al. found an 

increased risk for both indicated (OR 4.8; CI: 3.0-7.5) and spontaneous preterm birth (OR 2.1; CI: 

1.4-2.0) among a group of women with diabetes before pregnancy as compared to a group of 
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healthy controls (34).  A later study confirmed this risk with an adjusted odds ratio of 2.54 for 

overall preterm birth in women with chronic diabetes as compared to healthy women (17). 

Additionally, among a group of women with pregestational diabetes, frequency of preterm birth 

increased with increasing severity of diabetes (35).  

  

2.4 Demographic and Socioeconomic Factors  

 Maternal demographic risk factors include age, education, and race. Both extremes of the 

maternal age spectrum are well established risks for preterm birth (1), and, in the last 20 years 

incidence of total births among older women (≥35 years) have been steadily increasing (36). This 

age cohort likely accounts for a significant portion of indicated preterm births, as advancing age 

often necessitates early removal of the fetus due to medical complications (36). In addition, 

increasing age carries a greater likelihood of other risks such as diabetes and hypertension. 

Maternal education is suggested to be associated with preterm birth; women who do not complete 

high school carry a greater risk (37).  

African-American women in the United States are twice as likely to deliver preterm than 

the general population, and are three to four times as likely to deliver very preterm as compared 

to white women (9, 33). There may be a biological component to the disparity between racial 

groups. For example, a higher rate of bacterial vaginosis, a known predictor of preterm birth, was 

significantly associated with income levels in black women yet not for white women (38), which 

may explain some of the disparity between African-American and white preterm birth rates.  

However, more complex socioeconomic factors are likely involved in producing this difference. 

The influence of race on birth outcomes is thought to be mediated by an interaction of a number 

of individual and neighborhood level risk factors (39). 

While demographic differences have been shown to contribute to early birth, these and 

other factors may be influenced by a woman’s socio-economic status and other environmental 

attributes, thus obscuring exact causal pathways. Women from disadvantaged backgrounds are 
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more likely to deliver preterm (40).  Early birth is often more prevalent in disadvantaged groups 

irrespective of race, levels of socio-economic status show gradients of increased preterm birth 

with decreasing socio-economic affluence as measured by percent poverty and maternal 

education (40). Confirming this, in a study examining preterm birth incidence in the UK, infants 

whose mothers resided in the most deprived areas (as defined by an index of deprivation) were 

twice as likely to be born very preterm than those in the least deprived areas (41). Despite overall 

increases in prematurity with poverty, rates of preterm birth among black women in the United 

States are still at least twice as high across all levels of poverty and education as white women 

(40).  Additionally, as reported by Messer et al., among a Raleigh, NC birth cohort, residing in 

areas with high rates of violent crime was associated with a moderate increase in preterm birth in 

non-Hispanic white and black women (42).  

 Since it has been suggested that prematurity is impacted by both individual and socio-

contextual factors, studies modeling only one of these groups may lead to erroneous conclusions 

about the impact of both of these effects on early parturition (1). Additionally, the racial 

disparities in preterm birth in the US are not explained by individual level factors alone (43).  A 

study examining the effects of neighborhood level risks and maternal smoking on birth outcomes 

found that while smoking caused an increase in preterm births across varying levels of 

neighborhood poverty, the only areas with statistically significant greater risk were 

neighborhoods that were predominantly African-American, suggesting that more complex social 

interactions are involved and certain neighborhoods are more greatly affected (44). Living in 

areas with high rates of crime has been associated with preterm birth outcomes, and African-

American and white women tend to live in areas with different in crime rates, though the increase 

in preterm birth in these areas may be due more to the increase in neighborhood deprivation 

rather than crime rates and increased stress due to crime (43).  
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2.5 Spatial Analysis and Preterm Birth  

Mapping health data can be a useful tool to convey spatial information. Maps can support 

the allocation of public health services by providing a persuasive visual representation of areas 

most at risk for a condition or in need of health services to key stakeholders (45). Further, it is 

suggested that risk factors that vary with location could contribute to the overall preterm birth 

patterns observed across spatial areas (46). Spatial analyses have been used among researchers to 

investigate preterm birth and its etiologies. Examples of applications of GIS towards health 

questions surrounding preterm birth include maternal distance to specialized pre- and postnatal 

care (13, 47), neighborhood level racial isolation (14), and maternal exposure to environmental 

pollutants (48).  

Dividing large areas into smaller regions can aid in identifying patterns in health data that 

are not obvious at the macro level. The choice of spatial scale, however, can have a significant 

impact on the results, as utilizing different boundaries and areal sizes can impact the statistical 

inferences drawn from the data, potentially distorting the real magnitude of the effect and making 

comparisons to other areas difficult (49, 50). Some studies use predefined boundaries such as 

census tract and blocks, which are useful for discussing health information with stakeholders 

since they are commonly used and are familiar to many people. However, since these divisions 

are based on city and town administrative areas and the relative sizes and population densities 

vary, measurement bias can be introduced when using these boundaries in health studies (51). To 

get around this some researchers use novel methodologies to define spatial boundaries. For 

example, Cutchin et al. accounted for the environment of the area, and composition and 

perceptions of the individuals who reside in it to form neighborhood boundaries as opposed to 

using politically defined boundaries such as zip codes or census tracts that do not necessarily 

reflect the health and behavior patterns of the area (52).  

In another study,  South et al. explored preterm birth risk factors in one county in Ohio 

using spatial scanning of point data to define high and low areas of preterm birth instead of using 
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aggregate data in a tract or census group. It was found that some spatially distinct areas with high 

proportions of preterm birth had different risk factor profiles: one area of high preterm birth 

prevalence displayed a greater risk of early parturition due to smoking than other areas with 

similar rates of preterm birth (11). This research group later extended their study to include 

multiple counties in Ohio. Using spatial analysis they identified areas that would benefit most 

from specific interventions for preterm birth in urban areas (53). 

 Interventions exist to prevent preterm births for certain known etiologies. Identifying 

women that can benefit from these may be difficult since many studies focus on risk factors 

across large groups of women, potentially ignoring subpopulations with greater exposure to 

specific risks. Breaking down large regions and determining factors specific to those areas has 

great utility, as it can allow for targeted interventions in geographically specific areas (11), thus 

creating a greater public health impact through targeted preventative measures.  
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3. Methods 

3.1 Study Population 
 

The population for this retrospective cohort study was drawn from the Georgia Birth File 

from the Office of Health Indicators for Planning, Department of Community Health, including 

birth and maternal individual level risk factor information for Clayton, Cobb, DeKalb, Fulton, 

and Gwinnett counties observed over the 3 year period of 2005-2007. A total of 165,812 live birth 

events were reported during this time. Preterm birth in multi-fetus pregnancies is often caused by 

different mechanisms than in singleton pregnancies (26); therefore 5,808 birth events were 

excluded due to multiple gestations, resulting in 160,004 singleton births for the analysis. Census 

tract level risk factor estimates were taken from the American Community Survey provided by 

the US Census Bureau for the 5 year period of 2005-2009. This study was approved by the Emory 

Institutional Review Board. 

 

3.2 Variable Selection  

Selection and categorization of significant covariates implicated in the progression of 

preterm birth was informed by the literature. Individual level variables were limited to those 

collected from the birth certificate.  Univariate distributions were examined for all variables. The 

outcome variable, preterm birth, was dichotomized using week of gestation: < 37 weeks for 

preterm birth, and ≥ 37 weeks for term birth using birth certificate reported last menstrual period. 

Prevalence proportions were calculated for the overall, black only, and white only populations, as 

well as for each census tract, using the number of preterm births in the numerator and total births 

in that group in the denominator.  

Maternal race and ethnicity were combined into a single variable with 4 levels including 

non-Hispanic white (reference category), non-Hispanic black, Hispanic, and other (Asian, 

American Indian/ Alaska Native, Native Hawaiian/ Pacific Islander, or multiracial) (11). Maternal 

age was separated into three groups including <18 years, 18-34 years, and > 34 years (1, 54). 
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Marital status was categorized as either single or married. The mother’s educational attainment 

was categorized as less than high school, completed high school or GED, and at least some 

college (37). Pre-pregnancy risk factors, including diabetes, chronic hypertension, and previous 

preterm or small for gestational age birth, were dichotomized as either present or absent (1, 33, 

34). Prior fetal death and prior induced termination were each dichotomized as either at least 1 or 

none (55, 56). Smoking was categorized as either any amount of smoking or no smoking during 

pregnancy (27). Alcohol use was divided into two levels, including maternal consumption of less 

than 4 drinks per week and consumption of 4 or more drinks per week (29). Maternal disease 

states occurring during pregnancy, including pregnancy-associated hypertension and eclampsia, 

were dichotomized as either present or absent. Interpregnancy interval was categorized as <18 

months, 18-59 months, and  >59 months for women with a prior pregnancy, or categorized as 

primipara if the current pregnancy was their first (24). A deprivation index (DI) was used as the 

neighborhood level risk factor and was separated into quartiles of women (11, 42, 43). The 

referent category for the DI was the lowest quartile (least deprived). The deprivation index was 

previously calculated at the census tract level and is a combined measure of neighborhood 

poverty, education, employment, and housing (57). 

 

3.3 Selection of Areas for Analysis  

 Maternal residence was previously matched to census tracts in the 5 counties of interest.  

Residence census tract and birth information (term or preterm) were imported into OpenGeoDa 

1.0.1 software (58). Census tract preterm birth prevalence proportions  were smoothed using the 

spatial Empirical Bayes method with queen contiguity as described by Anselin (59). Smoothing 

preterm prevalence can decrease the amount of instability associated with rates in a particular 

area (59) and allows for better determination of contiguous groups of census tracts with distinctly 

different preterm birth prevalence rates. These smoothed rates were then transferred to ArcGIS 

9.3 software (60) where they were mapped and separated into quintiles. Contiguous regions of 
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census tracts in the highest, lowest, and middle quintiles were selected for analysis. While all 

census tracts were smoothed over preterm birth prevalence and grouped into one of the five 

quintiles, only contiguous regions of high, low, and middle prevalence were selected for further 

analysis; contiguous regions that had the greatest number of overall birth events were chosen for 

further study to maximize the number of individuals for the analysis. Hotspots of preterm birth 

were those areas in the highest preterm birth prevalence quintile, while cold spots were areas in 

the lowest preterm prevalence quintile. 

 The preterm birth prevalence quintiles were calculated to identify areas of spatial 

variation of preterm birth in the five core counties of Atlanta, as well as to identify local preterm 

prevalence areas that were distinctly different from the overall prevalence of the entire area. The 

method of using the highest and lowest quintiles to identify these areas of hot and cold preterm 

birth prevalence was adopted from a study by South et al. (11). Other methods of determining hot 

and cold spots of preterm birth prevalence exist. One such example is the LISA statistic using 

GeoDa software, which measures spatial autocorrelation through calculation of local Moran's I 

for spatial units and their significance, yielding an output that identifies the location of clusters 

(61). While this method would produce hot and cold clusters of preterm birth prevalence through 

a more rigorous method identifying statistically significant spatial variation, it would be more 

difficult to identify middle prevalence areas using this statistic.  

 

3.4 Statistical Analysis  

 All statistical analyses were carried out using SAS version 9.2. Complete case analysis 

was performed and observations with missing covariates were deleted from the eligible data set. 

A multivariable logistic regression model was fit using the risk factors mentioned above 

regressed on the binary birth outcome (preterm or term). An overall model fit, including all races 

and all areas, was performed first with all available risk factors identified from the literature to 

verify their significance in this population. Only significant covariates were kept in subsequent 



14 
 

models of sub-areas of high and low prevalence. Factors were considered significant with a p-

value of <0.05. After the initial model was fit over the entire study area population, separate 

models were fit to each of the identified high, middle, and low prevalence sub-regions described 

above. This allowed for comparison of significant risk factor profiles between the total aggregate 

area and hot and cold spots of preterm birth prevalence.  

To further assess the impact of these risk factors on preterm birth, adjusted attributable 

risk fractions were calculated using equation 1, and the number of preventable cases were then 

obtained using equation 2, taken from South et al. (11). By determining the fraction of births that 

are due to a specific risk while controlling for other potentially confounding risk factors, the 

magnitude of a particular covariate in a region can be quantified to help inform targeted 

interventions in that region (11). The number of preventable cases indicates the number of 

preterm births that could have been prevented by early detection and subsequent intervention for 

a given risk factor. Risk factors were designated as modifiable if they are able to be attenuated by 

either a specific medical intervention or through education.  

 

(1)  𝐴𝑅 = 𝑝𝑝(𝑅𝑅−1
𝑅𝑅

) , pp = proportion of cases exposed to risk factor in region, RR = 

adjusted relative risk  

(2) 𝑃𝑟𝑒𝑣𝑒𝑛𝑡𝑎𝑏𝑙𝑒 𝑐𝑎𝑠𝑒𝑠 = 𝐴𝑅 × (𝑝𝑟𝑒𝑡𝑒𝑟𝑚 𝑏𝑖𝑟𝑡ℎ𝑠 𝑖𝑛 𝑟𝑒𝑔𝑖𝑜𝑛) 

 

To compare risk factor profiles among black and white women to that of the total 

population, the analyses outlined above were repeated with non-Hispanic black mothers alone, 

and non-Hispanic white mothers alone. Deprivation index quartiles were recalculated to reflect 

each of these populations alone. Prevalence was also recalculated to reflect only these racial 

populations and to find high and low areas specific to these groups. 
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Due to the high number of missing covariate values and subsequent deletion of 

observations in the complete case analysis, a separate analysis using multiple imputation was 

performed across the entire population (all races), and results compare with the complete case 

analysis. Data for the population were first imputed using  PROC MI. The Markov Chain Monte 

Carlo (MCMC) method was used to determine imputed values and multiple chains were used (as 

opposed to a single chain) to reduce correlation among the imputed values (62). Five imputations 

were performed. It is suggested that few imputations are sufficient in most cases: the relative 

efficiency of 5 imputations for data with 30% to 50% missingness is approximately 91% to 94% 

of the theoretical maximum (62). Adjusted odds ratios were calculated by fitting logistic 

regression models with the imputed datasets. PROC MIANALYZE was then used to combine 

these five regression results. To determine the proportion of women with each risk factor for use 

in calculating attributable risk,  means were computed from the imputation results for each 

categorical variable. When estimating proportions for categorical variables from imputed data, 

means are suggested to be superior to rounding and then computing proportions (63). 
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4. Results 

4.1 Descriptive statistics for the total study population (all race/ethnicities, African-American 

only, and white only) 

  From the 160,004 eligible singleton births, 96,543 (60%) had complete information for 

all covariates; regression models and subsequent analyses were performed using only these 

complete cases. Prevalence of each missing covariate is shown in Table 1. Distributions of 

smoothed preterm birth prevalence rates using  the spatial Empirical Bayes method are mapped in 

Figures 1-3 for the entire study area, including smoothed preterm birth rates among all race and 

ethnic groups in the study region (Figure 1), rates among non-Hispanic black mothers only 

(Figure 2), and rates among non-Hispanic white mothers only (Figure 3). Overall prevalence 

percentages of preterm birth for the entire population, black women only, and white women only 

were 11.8%, 15.8%, and 8.8%, respectively. Smoothed rates by census tract ranged from 5.9% to 

25.5% over the entire study population, 4.2% to 26.2% among non-Hispanic black women, and 

0% to 41.7% among non-Hispanic white women. Low, middle, and high prevalence quintiles 

were <9.51%, 10.64% to 12.96%, and >15.87% for the entire study population, <13.17%, 14.57% 

to 15.76%, and >18.04% for the black population, and <7.32%, 8.43% to 9.45%, and >11.66% 

for the white population. 

 Prevalence of risk factors for the three study populations are shown in Table 2. Among 

all races and ethnicities, maternal age ranged from 10 to 53 years old, with the majority between 

18 and 34 (80%). Almost half of the study population had attended at least some college, 

increasing to about 75% of the population among non-Hispanic white women. Several indicated 

risk factors were higher among the African American mothers than among the overall population 

and white women only. Chronic hypertension was about twice as high in black women compared 

to white women; however, this risk factor was less than 2% of the study population. Diabetes 

prevalence was about the same in each group (over 2%). Short interpregnancy interval (less than 

18 months between pregnancies) occurred in 6% of the total population. Over 50% of women 
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gave birth for the first time across all three groups. Behavioral risk factors such as smoking and 

drinking at least 4 alcoholic beverages per day were low among all populations, < 5% and < 

0.1%, respectively. Tobacco use, however, was about twice as high among white women as black 

women. The average neighborhood deprivation index was higher for black women, about twice 

that of the entire population and about three times that of  white mothers only.  

 

4.2 Logistic regression models for overall populations  

 Results of the overall logistic regression models for each population are listed in Table 3, 

this includes adjusted odds ratios and confidence intervals of the risk factors in each of the three 

overall study populations. For all races and ethnicities combined, all factors except alcohol use 

were found to be significantly associated with preterm birth; therefore alcohol use was not 

included in subsequent analyses.  

 Significant risk factors were similar across the total, black, and white study groups, 

however there was some variation. For both the total and black only populations, maternal age of 

35 or older was significant (OR 1.17; CI: 1.10-1.24, and OR 1.23; CI: 1.12-1.34), but was not 

significant in the overall white population (p = 0.11). Education level was significant across all 

three groups; some college or higher had a protective effect when compared to a high school 

education alone, while not completing high school was a risk factor for the total and African-

American population, but not for white women. Maternal race was not included in the regression 

models for black and white women separately, but among all women in the study area, non-

Hispanic black race was associated with greater odds of preterm birth when compared to white 

women (OR 1.59; CI: 1.50-1.68).   

 Pre-pregnancy factors such as prior fetal death and induced termination were not risk 

factors for the white population, but both were significant risk factors for the total and black 

populations. An interpregnancy interval of less than 18 months was a risk factor for all three 

populations. A high interpregnancy interval of greater than 59 months was weakly associated 
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with preterm birth for the overall population (OR 1.08; CI: 1.01-1.16) and for the white 

population (OR 1.28; CI: 1.10-1.50), but not for black women. Prior preterm or small for 

gestational age birth and chronic hypertension were significant across all populations with 

relatively large effect sizes, ranging from an odds ratio of 2.15 to 2.80 for hypertension and from 

3.35 to 3.53 for previous preterm or small birth.  

 Risk factors during pregnancy indicated some differences between black and white 

mothers. Tobacco use was not significant for white women, but was a significant risk for African-

American women, with an adjusted odds ratio of 1.52 (CI: 1.30-1.77). In addition to chronic 

hypertension, pregnancy-associated hypertension was a significant risk for all populations, with 

similar effect sizes ranging from an odds ratio of 2.38 to 2.50. The largest effect size in all three 

sub-analyses was for eclampsia with an odds ratio of 4.80 (CI: 3.90-5.90) for the entire 

population, 5.49 (CI: 4.14-7.27) for black women, and 5.00 (CI: 3.36-7.43) for white women. 

While an interpregnancy interval of <18 months was significant across all populations, a long 

interval (>59 months) was not significant for African-American women.  

 The neighborhood level risk factor (deprivation index) was significant for the total 

population; the highest quartile (most deprived) was significantly associated with preterm birth 

with an adjusted OR of 1.13 (CI: 1.06-1.21). Among the black population, both the third and 

fourth highest quartiles were significant with adjusted odds ratios of 1.10 (CI: 1.02-1.20) and 1.23 

(CI: 1.30-1.34), respectively.  Level of deprivation was not significant for the white population.  

 

4.3 Areas of spatially distinct prevalence rates: Combined race and ethnicity groups 

 From the smoothed preterm birth rates among all races shown in Figure 1, the three areas 

highlighted in Figure 4 were chosen to represent areas of high, low, and mid-level prevalence 

rates. Table 4 displays the adjusted odds ratios of all risk factors for each prevalence sub-area, 

with significant risk factors outlined in red. All factors except alcohol use were significant for the 

overall study area. Several of the risk factors significant in the overall region were not significant 
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in one or more of the high, middle, or low prevalence regions. There was some heterogeneity 

between significant characteristics (p < 0.05) for the spatially distinct sub-areas of low, middle, 

and high prevalence rates (see Table 4 for all comparisons). In the regression model for the low 

prevalence area, the addition of all four deprivation index levels caused non-convergence of the 

model due to an insufficient number of mothers in some of the categories, therefore the third and 

fourth highest deprivation quartiles were removed to allow a stable model to be generated. In both 

the middle and high prevalence regions deprivation index was not a statistically significant factor.  

 Modifiable risk factors that were significant for all three sub-regions included prior 

preterm or small birth, eclampsia, and a short interpregnancy interval. The effect size for 

eclampsia was one of the largest for all three groups, ranging from an odds ratio of 4.81 to 6.31, 

however the confidence intervals for this variable were relatively large indicating a considerable 

amount of uncertainty in the estimates. Chronic hypertension was not significant for the middle 

prevalence region, but was significant for both the low and high prevalence regions, with 

respective odds ratios of 3.24 (CI: 1.74-6.04) and 2.84 (CI: 1.72-4.67). Any tobacco use during 

pregnancy was significant in both the middle and high regions, but not the low prevalence area. 

Pregnancy associated hypertension was significant in the low and high regions with relatively 

large effect sizes (OR 2.73, CI: 1.85-4.03; OR 2.16, CI: 1.51-3.08), but not the middle prevalence 

region.  

 The number of preventable preterm births for each potentially modifiable risk factor is 

shown in Table 5; variables that were significant in the regression models are highlighted in red. 

While eclampsia had one of the greatest odds ratio effect sizes for all three sub-regions, other 

variables contributed greater numbers of preventable preterm births. In the high prevalence area, 

the greatest number of preventable preterm births were seen with short interpregnancy interval, 

any tobacco use, and pregnancy associated hypertension, with 70 (4.6%), 51 (3.3%), and 28 

(1.3%), respectively. The top three contributing factors for the middle prevalence region were 

short interpregnancy interval (n=13, 3.0%), young maternal age (n=12, 2.7%), and any tobacco 
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use (n=9, 2.1%). For the low prevalence area, the three main variables were advanced maternal 

age (n=44, 9.4%), pregnancy associated hypertension (n=27, 5.7%), and previous preterm or 

small birth (n=21, 4.4%). The top three for the entire five county population were short 

interpregnancy interval (n=389, 3.4%), pregnancy associated hypertension (n=360, 3.2%), and 

advanced maternal age (n=261, 2.3%).    

 

4.4 Areas of spatially distinct prevalence rates: Non-Hispanic black mothers only 

           From the smoothed preterm birth rates for black mothers only in Figure 2, spatially distinct 

areas are highlighted in Figure 5 (high, low, and middle prevalence rates). The corresponding 

adjusted odds ratios for each area are listed in Table 6, and the number of preventable preterm 

births due to modifiable risk factors are listed Table 7.  The high prevalence region (> 18.04% 

preterm births) shared most significant modifiable risk factors with the entire African-American 

population, though chronic diabetes was significant in the entire black population only and not 

among the sub-populations. Both low and middle prevalence areas had fewer significant 

modifiable risk factors.  In both the middle and high prevalence regions, deprivation index was 

not a statistically significant factor, however both prior preterm birth and eclampsia were 

significant in these areas. Deprivation index, prior preterm or small birth, and eclampsia were not 

comparable in the low rate area as they were not included in the model due to convergence issues.  

 Among the three sub-regions, the modifiable risk factors chronic hypertension and 

pregnancy associated hypertension were significant in all three areas. These two variables had the 

greatest effect on preterm birth in the low prevalence area with odds ratios of 6.83 (CI: 2.79-

16.99) for chronic hypertension and 4.08 (CI: 1.97-8.49) for pregnancy associated hypertension. 

Eclampsia and previous preterm or small for gestational age birth had the greatest effect sizes in 

the middle prevalence region (OR 11.86, CI: 3.90-36.04, and OR 6.35, CI: 2.80-14.40). These 

two variables were also strongly associated with preterm birth in the high prevalence area, with 

an odds ratio of 6.74 (CI: 3.25-13.97) for eclampsia and 2.26 (CI: 1.29-3.96) for previous preterm 
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or small birth. Other variables that were significant for the middle and high but not for the low 

prevalence region include increased maternal age and short interpregnancy interval. Tobacco use 

was only significant in the high prevalence region.  

 The low prevalence region had the fewest number of preventable preterm births; for two 

the significant risk factors in this regions, chronic hypertension, and pregnancy associated 

hypertension, the number of preventable cases included 9 (6.9%), and 9 (6.5%) preterm births, 

respectively. Advanced maternal age contributed a relatively large number of preventable preterm 

births (n=14, 10.8%), but was not a significant variable in the regression model. In contrast to the 

low prevalence region, the high prevalence region had a large number of preventable preterm 

births, a total of 225 among significant risk factors. The greatest contributors for the high 

prevalence region included short interpregnancy interval (n=73, 5.1%), any tobacco use (n=45, 

3.2%), and advanced maternal age (n=37, 2.6%).The middle prevalence region had fewer 

preventable preterm births (n=99), the major contributors included advanced maternal age (n=34, 

9.1%), short interpregnancy interval (n=19, 5.0%), and pregnancy associated hypertension (n=15, 

4.1%). 

  While there were far fewer numbers of preventable preterm births in the low and middle 

prevalence regions than in the area with high prevalence, this is to be expected since the total 

numbers of preterm births in these groups were much lower in these areas. In the low and middle 

areas there were  132 and 375 total preterm births, compared to 1,424 in the high prevalence area.  

 

4.5 Areas of spatially distinct prevalence rates: Non-Hispanic white mothers only 

 From the smoothed preterm birth rates for white mothers only shown in Figure 3, 

spatially distinct areas are highlighted in Figure 6 (high, low and middle prevalence rates). Since 

this group had multiple distinct areas of high preterm birth, two high prevalence regions were 

chosen in order to compare significant risk factors in different locations with the same smoothed 
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preterm birth prevalence. Adjusted odds ratios for each prevalence area are listed in Table 8 and 

corresponding population attributable risks are located in Table 9. Due to homogeneity of certain 

risk factors in the subgroups of white women, some risk factors caused non-convergence of the 

logistic regression model and were taken out of the final model for that specific area. These are 

notated in Table 8. 

 The logistic regression model for the entire study area with non-Hispanic white mothers 

yielded far fewer significant risk factors compared to all races combined. Potentially modifiable 

risk factors in this group include diabetes, chronic and pregnancy associated hypertension, a 

previous preterm or small for gestational age birth, eclampsia, and both short and long 

interpregnancy interval. The low prevalence region selected had only two significant factors, 

including eclampsia with an odds ratio of 6.24 (CI: 1.51-25.79), and a long interpregnancy 

interval with an odds ratio of 2.38 (CI: 1.17-4.83). The middle prevalence region also had only 

two significant risk factors; these were different from the low region and included previous 

preterm or small birth (OR 4.47, CI: 2.36-8.46) and pregnancy associated hypertension (OR 2.79, 

CI: 1.93-4.03). High prevalence areas 1 and 2 each had different significant factors. For area 1, 

some college or higher had a slight protective effect, while prior induced termination was the only 

significant risk contributing to preterm birth (OR 4.25, CI: 1.39-12.97). High prevalence area 2 

had two significant modifiable risk factors, eclampsia and short interpregnancy interval, however 

there was a large amount of variance associated with eclampsia (OR 21.42, CI: 1.18-388.67).  

  The number of potentially preventable preterm births attributable to specific modifiable 

risk factors ranged totaled 354 preterm births for the entire white population, 11, 38, 0 and 7 for 

the low, middle, and two high prevalence areas, respectively. For all white women, pregnancy 

associated hypertension contributed the greatest number, with 107 (4.1%) preventable preterm 

births. This was followed by prior preterm or small birth with 59 births (2.3%), and a long 

interpregnancy interval with 57 births (2.2%). The significant factors, long interpregnancy 

interval and pregnancy associated hypertension, contributed 8 (5.5%) and 3 (1.9%) preventable 
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births to the low prevalence region. Among all sub-regions, the middle prevalence area resulted in 

highest number of preventable preterm births, with 26 (6.4%) for pregnancy associated 

hypertension and 12 (2.8%) for prior preterm or small birth. For high prevalence area 1, there 

were no significant modifiable risk factors; for area 2, short interpregnancy interval contributed 6 

(9.5%) and eclampsia contributed 1 (1.4%) potentially preventable preterm birth. Tobacco use 

also contributed 6 preventable preterm births in this area, but was not a significant variable in the 

regression model.  

 

4.6 Multiple imputation results: Combined race and ethnicity groups  

 Adjusted odds ratios from the multiple imputation analysis, for all races by prevalence 

area, are shown in Table 10, and attributable risks are shown in Table 11. Odds ratios from the 

imputation analysis were similar to those in the complete case analysis, and a majority of the 

confidence intervals had no or only a slight reduction in width (Table 12). There were a few 

differences in significant variables. In the entire study area, all of the same variables were 

significant between the two methods, with the exception of the race/ethnicity category 'Other,' 

which was significant for the imputation analysis but not for the complete case analysis. For the 

low prevalence area, all of the same variables were significant except for the race/ethnicity 

African-American category, which was significant for the imputation (OR 1.35, CI: 1.08-1.68) 

but not for the complete case (OR 1.26, CI: 0.93-1.69). Two variables had different significance 

in the middle prevalence region: African-American race was significant in the imputed data (OR 

1.41, CI: 1.12-1.79) but not in the complete case data (OR 1.31, CI: 0.99-1.75), while prior 

induced termination was significant for the complete case analysis (OR 1.57, CI: 1.09-2.26) it 

was not for the imputation data (OR 1.28, CI: 0.92-1.78). In the high prevalence area, advanced 

maternal age and marital status of single were both significant for the imputed data (OR 1.33, CI: 

1.12-1.57 and OR 1.23, CI: 1.08-1.40) yet not for the complete case data (OR 1.22, CI: 0.98-1.52 

and OR 1.13, CI: 0.96-1.32).  
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 The two analysis methods produced similar adjusted attributable risk percents, however 

since a greater number of births were included in the imputation analysis, the number of 

preventable preterm births was higher for almost all modifiable risk factors. In the entire study 

area, the potentially modifiable variables that contributed the most to preterm birth included short 

interpregnancy interval with 634 (3.4%) preventable preterm births, pregnancy associated 

hypertension with 581 (3.1%) preventable preterm births, and advanced maternal age with 509 

(2.7%) preterm births. For the low prevalence area, advanced maternal age (n=65, 7.9%),  

pregnancy associated hypertension (n=37, 4.5%), and previous preterm or small for gestational 

age birth (n=30, 3.6%) contributed the most to preventable preterm births. For the high 

prevalence area, short interpregnancy interval (n=612, 5.0%), tobacco use (n=341, 2.8%), and 

advanced maternal age (n=276, 2.2%) contributed the most preventable preterm births. 
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5. Discussion 

5.1 Comparing the entire study area to hot spots 

 This study found areas with significant spatial variation in preterm birth prevalence 

within five major counties in Georgia, and determined the population attributable risks for 

potentially modifiable risk factors in these areas. Contiguous groups of census tracts of high 

preterm birth prevalence, such as those identified by this study, may benefit from increased public 

health campaigns targeted at specific risk factors in those defined areas. 

 Among all ethnicities and races, there were almost three times as many preterm births in 

the high prevalence region than in either the middle and low prevalence areas, contributing about 

13% of all preterm births in the entire study area. There was some variation in significant risk 

factors between the sub-areas, however the greatest difference between the high, middle, and low 

prevalence regions was the total number of preventable preterm births. The greatest contributor to 

preventable preterm births was short interpregnancy interval in the high prevalence region with 

70 births, short interpregnancy interval in the middle prevalence region with 13 births, and 

advanced maternal age in the low prevalence region with 44 births. The greater relative numbers 

of preventable preterm births in the high prevalence region suggests that public health 

interventions be focused in this area with specific attention to short interpregnancy interval, 

tobacco use, and pregnancy associated hypertension. While there are high numbers of preventable 

preterm births among these variables in the entire population, using the high prevalence region to 

focus on these risk factors could have a large impact on reducing preterm births due to these risks 

at potentially lower cost.  

 

5.2 Prevalence and risk factors in black women compared to white women  

 The overall prevalence of preterm birth among all ethnicities in this study was 11.8%;  

preterm birth was higher for black mothers individually (15.7%) and lower for white mothers 

individually (8.9%). This is consistent with national preterm birth estimates which indicate higher 
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rates for black women as compared to white women, with national US prevalence rates of 16.8% 

and 10.5%, respectively (as of 2011) (64). The physical locations of hotspots and cold spots of 

preterm birth varied between black and white women. This could be due to variation in relative 

numbers of black and white women residing in these areas and the life and social circumstances 

that resulted in their residence there; it could also be due to social and economic factors in these 

areas that preferentially impact one racial group more than another.  

 In this study, the high prevalence regions for African-American women yielded 

significantly more preventable preterm births among modifiable risk factors, suggesting these 

areas would benefit more from public health interventions targeted at African-American women. 

Among the highest quintile regions, black women also experienced a greater prevalence of 

preterm birth (>18.04%) than white women (>11.66%). The total numbers of preterm births for 

white women in the high prevalence regions was also relatively low (38 and 68 preterm births) 

compared to the high prevalence region for black women (1,424 preterm births).  

 Among the significant modifiable risk factors for all races and ethnicities, short 

interpregnancy interval (SII) (<18 months), pregnancy associated hypertension (PAH), and 

advanced maternal age contributed the greatest number of potentially preventable preterm births, 

contributing 389 (3.4%), 360 (3.2%), and 261 (2.3%) preterm births, respectively. When African-

American and white mothers were investigated separately, the top three attributable risks were the 

same for black mothers as the entire population, with short interpregnancy interval, pregnancy 

associated hypertension, and advanced maternal age, contributing 231 (3.9%), 193 (3.2%), and 

156 (2.6%) preterm births, respectively. The similarity in risk factor profiles for the black 

population alone and the overall population is likely due to the relatively high proportion of 

African-American women living in the Atlanta area. The three risk factors that contributed the 

most to preterm births for white mothers also included pregnancy associated hypertension with 

107 (4.1%) risk attributable preterm births, however, previous preterm/ small birth and long 
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interpregnancy interval (>59 months) were two times higher than short interpregnancy interval  in 

this group, with 59 (2.3%) risk attributable births.  

 For some areas, such as both high prevalence regions for white mothers only, low 

numbers of preventable preterm births may suggest the cost to benefit ratio of public health 

campaigns targeted at these specific groups of women may be too high. In general, public health 

efforts may be better focused on areas that include high risk women, such as those identified by 

the overall study population, or the high prevalence region for African-American women.  

 

5.3 Multiple imputation vs. complete case analysis  

 Complete case analysis is often used for data with missing information but may cause 

bias and decreased precision in the results (65). Multiple imputation provides an alternate method 

for analyzing data with missing information. In this study, imputation of the birth data among all 

races led to a slight increase in precision for most covariates (ascertained through decreased width 

of confidence intervals) likely due to the increased sample size with the imputed data set. It is 

possible that there may be bias introduced through violations of the assumptions of multiple 

imputation, however, this cannot be tested without external data.  

 Part of the goal of this study was to determine the contribution of modifiable risk factors 

to preterm birth through calculation of population attributable risk. The analysis methods yielded 

similar attributable risk percentages for all areas, with the most variation between analyses seen 

in the high prevalence region. However, since the number of birth events eligible for analysis 

increased at least two fold in every region, the number of preventable preterm births also 

increased. For example, in the overall study area for all races combined, the percent of 

preventable preterm births due to pregnancy associated hypertension was similar for the complete 

case and imputation analyses (3.2% and 3.1%, respectively), however the number of preventable 

preterm births was 360 and 581. This suggests that while imputation may give more precise odds 

ratio estimates in this study, when comparing the relative contribution of risk factors to preterm 
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birth, a complete case analysis may be sufficient to identify important factors to assist in targeting 

interventions in this  area.  

 

5.4 Strengths 

 One strength of this study was that the sample size for the total population of women was 

large enough to provide good estimates for all risk factors in the overall model. Additionally,     

while issues of spatial scale may exist, the use of census tracts as opposed to point data allows for 

easier communication about areas of concern to interested parties. In addition, by employing a 

spatial smoothing technique, instabilities in prevalence rates between census tracts were likely 

reduced. 

 Finally, doing separate analyses on black and white women allowed for comparisons of 

the location hotspots of preterm birth and relative burden in these two groups, as well as a 

comparison of major contributing risk factors in these women.  

   

5.5 Limitations  

 There are several limitations to this project. First, low numbers of preterm births in some 

risk factor categories for white women led to their elimination in the regression model. Both high 

prevalence regions included in this group had risk factors that caused non-convergence of the 

regression model and could not be included due to low numbers of women in those categories.   

 Because this project involved comparing the relative contribution of each risk factor to 

the preterm birth total in a specific area and population, traditional best fit model selection was 

not performed. This could potentially diminish the magnitude of effect of certain risk factors 

important in the causal pathway of preterm birth and their overall contribution to the number of 

preventable preterm births.  

  Further, the individual level data for the mothers was obtained from birth records, 

so potential maternal risk factors such as weight, presence of certain infections, and other health 
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conditions that may impact the time of birth were not included in this study. Additionally, some 

studies have suggested that there is substantial underreporting of some maternal illnesses and 

characteristics on birth certificates, potentially reducing their apparent contribution to preterm 

birth. Included in these are diabetes and hypertension (both pre-pregnancy and gestational) (66), 

as well as smoking (67), which could explain the lack of significance of smoking among white 

women in this study.  

 Lastly, the modifiable areal unit problem (MAUP) is a common dilemma in studies using 

some aspect of spatial analysis. Since the choice of spatial scale can be varied with the same data, 

the decision of where boundaries are drawn can impact the statistical results (49). In this 

investigation, the five counties were divided into census tracts to determine distinct areas of 

preterm birth prevalence; dividing the area into larger or smaller areas may have impacted the 

boundaries of these areas of distinct preterm birth prevalence, the prevalence rates themselves, or 

the magnitude of effect of each risk factor.  
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Tables 

 
Table 1. Prevalence of missing covariates  

  
All races 

 
Non-Hispanic black Non-Hispanic white 

  
N = 160,004 

 
N = 60,906 

 
N = 47,345 

    N   %   N   %   N   % 
Race/ ethnicity 2,968 1.9 

 
- - 

 
- - 

Education 
 

9,428 5.9 
 

2,393 3.9 
 

2,898 6.1 
Marital status 268 0.2 

 
103 0.2 

 
88 0.2 

Diabetes 
 

54,427 34.0 
 

20,725 34.0 
 

15,715 33.2 
Hypertension (chronic) 54,427 34.0 

 
20,725 34.0 

 
15,715 33.2 

Previous preterm/ small birth 54,427 34.0 
 

20,725 34.0 
 

15,715 33.2 
Prior fetal death 22,453 14.0 

 
8,792 14.4 

 
5,604 11.8 

Prior induced termination 22,529 14.1 
 

8,816 14.5 
 

5,625 11.9 
Alcohol use 21,121 13.2 

 
8,195 13.5 

 
5,156 10.9 

Tobacco use 20,495 12.8 
 

7,919 13.0 
 

4,874 10.3 
Hypertension (pregnancy) 54,427 34.0 

 
20,725 34.0 

 
15,715 33.2 

Interpregnancy interval 66 0.0 
 

25 0.0 
 

13 0.0 
Eclampsia 

 
54,427 34.0 

 
20,725 34.0 

 
15,715 33.2 
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Table 2. Prevalence of risk factors for preterm birth among study populations 

a – Quartiles of individuals relative to all 5 counties, recalculated for blacks only and whites only 
  
 
 
 
 

 
All races 

 
Non-Hispanic black 

 
Non-Hispanic white 

 
N = 96,543 

 
N = 38,049   

 
N = 29,232   

  N   %   N   %   N   % 
Preterm birth 11,373 11.8 

 
5,971 15.7 

 
2,596 8.9 

Maternal demographic 
factors                 
Age 

        < 18 3,243 3.4 
 

1,829 4.8 
 

366 1.3 
18-34 78,104 80.9 

 
31,372 82.5 

 
21,747 74.4 

≥ 35 15,196 15.7 
 

4,848 12.7 
 

7,119 24.4 
Education 

        < High school 22,081 22.9 
 

6,184 16.3 
 

2,219 7.6 
High school/ GED 27,443 28.4 

 
14,497 38.1 

 
4,820 16.5 

Some college or higher 47,019 48.7 
 

17,368 45.7 
 

22,193 75.9 
Race/ ethnicity 

        Non-Hispanic black 38,049 39.4 
 

- - 
 

- - 
Non-Hispanic white 29,232 30.3 

 
- - 

 
- - 

Hispanic 22,709 23.5 
 

- - 
 

- - 
Other 6,553 6.8 

 
- - 

 
- - 

Single 40,892 42.4 
 

23,969 63.0 
 

4,985 17.1 
Pre-pregnancy risk factors                 
Diabetes 2,286 2.4 

 
882 2.3 

 
642 2.2 

Hypertension (chronic) 837 0.9 
 

543 1.4 
 

210 0.7 
Previous preterm/small birth 833 0.9 

 
359 0.9 

 
327 1.1 

Prior fetal death 15,314 15.9 
 

6,823 17.9 
 

5,210 17.8 
Prior induced termination 9,856 10.2 

 
6,344 16.7 

 
2,168 7.4 

During pregnancy risk factors                 
Alcohol use  

        ≥ 4 drinks per week 36 0.0 
 

14 0.0 
 

16 0.1 
Any tobacco use 2,514 2.6 

 
992 2.6 

 
1,403 4.8 

Hypertension (pregnancy) 2,312 2.4 
 

1,056 2.8 
 

933 3.2 
Eclampsia 401 0.4 

 
213 0.6 

 
113 0.4 

Interpregnancy interval 
        < 18 months 5,843 6.1 

 
2,784 7.3 

 
1,306 4.5 

18-59 months 28,803 29.8 
 

9,942 26.1 
 

10,014 34.3 
> 59 months 11,789 12.2 

 
5,184 13.6 

 
2,446 8.4 

Primipara 50,108 51.9 
 

20,139 52.9 
 

15,466 52.9 
Neighborhood level risk factorsa               
Deprivation Index quartile 

        <25% (least deprived) 23,432 24.3 
 

9,337 24.5 
 

7,116 24.3 
25-49.9% 23,780 24.6 

 
9,448 24.8 

 
7,782 26.6 

50-74.9% 24,307 25.2 
 

9,341 24.6 
 

7,118 24.4 
≥ 75% 25,024 25.9   9,923 26.1   7,216 24.7 
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 Table 3. Adjusted odds ratios for preterm birth in the overall study populations 
 All races  Black  White  
 N=96,543  N=38,049  N=29,232 
 aOR 95% CI  aOR 95% CI  aOR 95% CI 

Maternal demographic factors        
Age         
     < 18 1.18 (1.06, 1.31)  1.01 (0.87, 1.17)  0.97 (0.69, 1.37) 

     18-34 Ref.   Ref.   Ref.  
     ≥ 35 1.17 (1.10, 1.24)  1.23 (1.12, 1.34)  1.09 (0.98, 1.20) 

Education         
     < High school 1.11 (1.04, 1.17)  1.19 (1.09, 1.30)  1.13 (0.95, 1.34) 

     Completed high school/     
     GED 

Ref.   Ref.   Ref.  

     Some college or higher 0.84 (0.80, 0.89)  0.88 (0.82, 0.94)  0.84 (0.75, 0.94) 

Race/ ethnicity         
     Non-Hispanic black 1.59 (1.50, 1.68)  - -  - - 

     Non-Hispanic white Ref.   - -  - - 
     Hispanic 0.97 (0.90, 1.04)  - -  - - 
     Other 1.01 (0.91, 1.11)  - -  - - 
Single 1.20 (1.14, 1.26)  1.20 (1.12, 1.28)  1.33 (1.18, 1.50) 

Pre-pregnancy risk factors         
Diabetes 1.35 (1.20, 1.51)  1.20 (1.01, 1.43)  1.37 (1.08, 1.74) 

Hypertension (chronic) 2.71 (2.31, 3.16)  2.80 (2.32, 3.38)  2.15 (1.50, 3.08) 
Previous preterm/small birth 3.53 (3.03, 4.11)  3.35 (2.69, 4.17)  3.50 (2.69, 4.55) 

Prior fetal death 1.24 (1.18, 1.31)  1.38 (1.29, 1.48)  1.07 (0.96, 1.19) 
Prior induced termination 1.13 (1.06, 1.20)  1.09 (1.01, 1.17)  1.11 (0.95, 1.28) 

During pregnancy risk factors         
Alcohol use          
     ≥ 4 drinks per week 1.47 (0.62, 3.46)  - -  - - 
Any tobacco use 1.39 (1.25, 1.55)  1.52 (1.30, 1.77)  1.10 (0.92, 1.31) 

Hypertension (pregnancy) 2.50 (2.26, 2.76)  2.39 (2.08, 2.75)  2.38 (2.00, 2.84) 
Eclampsia 4.80 (3.90, 5.90)  5.49 (4.14, 7.27)  5.00 (3.36, 7.43) 

Interpregnancy interval         
     < 18 months 1.62 (1.49, 1.75)  1.61 (1.44, 1.79)  1.50 (1.25, 1.81) 

     18-59 months Ref.   Ref.   Ref.  
     > 59 months 1.08 (1.01, 1.16)  1.04 (0.95, 1.15)  1.28 (1.10, 1.50) 

Primipara 1.09 (1.04, 1.15)  1.09 (1.01, 1.17)  1.20 (1.09, 1.32) 
Neighborhood level risk factora        
Deprivation Index quartile         
     <25% (least deprived) Ref.   Ref.   Ref.  
     25-49.9% 1.04 (0.97, 1.10)  1.07 (0.98, 1.16)  1.04 (0.93, 1.17) 

     50-74.9% 1.03 (0.96, 1.10)  1.10 (1.02, 1.20)  1.08 (0.96, 1.22) 
     ≥ 75% 1.13 (1.06, 1.21)  1.23 (1.13, 1.34)  0.97 (0.86, 1.10) 

Significant factors (p< 0.05) highlighted in red 
a – Quartiles of individuals relative to all 5 counties, recalculated for blacks only and whites only 
 
 



40 
 

  
 
Table 4. Adjusted odds ratios for preterm birth for all races by prevalence area 

N=96,543 N=5,871 N=3,497 N=8,075
aOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI

Maternal demographic factors
Age

< 18 1.18 (1.06, 1.31) 0.61 (0.18, 2.10) 2.53 (1.41, 4.53) 1.07 (0.85, 1.36)
18-34 Ref. Ref. Ref. Ref.
≥ 35 1.17 (1.10, 1.24) 1.38 (1.11, 1.72) 1.09 (0.82, 1.44) 1.22 (0.98, 1.52)

Education
< High school 1.11 (1.04, 1.17) 0.88 (0.55, 1.42) 0.75 (0.53, 1.07) 1.16 (1.01, 1.34)
Completed high school/ 
GED Ref. Ref. Ref. Ref.
Some college or higher 0.84 (0.80, 0.89) 0.82 (0.61, 1.11) 1.06 (0.81, 1.39) 0.90 (0.77, 1.05)

Race/ ethnicity
Non-Hispanic black 1.59 (1.50, 1.68) 1.26 (0.93, 1.69) 1.31 (0.99, 1.75) 1.95 (1.31, 2.92)
Non-Hispanic white Ref. Ref. Ref. Ref.
Hispanic 0.97 (0.90, 1.04) 0.97 (0.69, 1.38) 1.23 (0.89, 1.70) 1.29 (0.82, 2.03)
Other 1.01 (0.91, 1.11) 0.76 (0.57, 1.03) 1.19 (0.77, 1.82) 1.01 (0.44, 2.34)

Single 1.20 (1.14, 1.26) 1.63 (1.22, 2.18) 1.28 (1.00, 1.64) 1.13 (0.96, 1.32)
Pre-pregnancy risk factors
Diabetes 1.35 (1.20, 1.51) 2.00 (1.33, 3.00) 1.05 (0.49, 2.25) 1.40 (0.91, 2.16)
Hypertension (chronic) 2.71 (2.31, 3.16) 3.24 (1.74, 6.04) 1.42 (0.45, 4.42) 2.84 (1.72, 4.67)
Previous preterm/small birth3.53 (3.03, 4.11) 4.97 (3.04, 8.10) 2.89 (1.08, 7.74) 2.22 (1.41, 3.49)
Prior fetal death 1.24 (1.18, 1.31) 1.09 (0.85, 1.39) 1.12 (0.85, 1.48) 1.22 (1.06, 1.41)
Prior induced termination 1.13 (1.06, 1.20) 0.92 (0.63, 1.35) 1.57 (1.09, 2.26) 1.08 (0.92, 1.26)
During pregnancy risk factors
Any tobacco use 1.39 (1.25, 1.55) 0.56 (0.22, 1.42) 1.69 (1.03, 2.77) 1.73 (1.37, 2.18)
Hypertension (pregnancy) 2.50 (2.26, 2.76) 2.73 (1.85, 4.03) 1.46 (0.74, 2.86) 2.16 (1.51, 3.08)
Eclampsia 4.80 (3.90, 5.90) 4.81 (2.26, 10.24) 5.52 (1.66, 18.37) 6.31 (3.23, 12.35)
Interpregnancy interval

< 18 months 1.62 (1.49, 1.75) 1.71 (1.09, 2.71) 1.57 (1.04, 2.35) 1.55 (1.27, 1.89)
18-59 months Ref. Ref. Ref. Ref.
> 59 months 1.08 (1.01, 1.16) 1.05 (0.73, 1.49) 0.92 (0.65, 1.29) 1.16 (0.95, 1.40)

Primigravida 1.09 (1.04, 1.15) 1.64 (1.30, 2.06) 1.05 (0.83, 1.33) 0.95 (0.82, 1.09)

Neighborhood level risk factors a

Deprivation Index quartile
<25% (least deprived) Ref. Ref. Ref. Ref.
25-49.9% 1.04 (0.97, 1.10) 1.29 (0.78, 2.12) 0.92 (0.72, 1.18) 0.99 (0.33, 2.98)
50-74.9% 1.03 (0.96, 1.10) - - 0.92 (0.59, 1.43) 0.95 (0.32, 2.86)
≥ 75% 1.13 (1.06, 1.21) - - 0.79 (0.56, 1.11) 1.12 (0.38, 3.31)

Middle prevalence 
area

High prevalence 
area

Low prevalence 
areaEntire region

Significant factors (p< 0.05) highlighted in red 
a – Quartiles of individuals relative to all 5 counties 
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Table 5. Risk attributable preterm births for potentially modifiable factors among all races by prevalence area 

Entire population Low prevalence area Middle prevalence area High prevalence area
N = 11,373 N=470 N=450 N=1,512

N
Adjusted 

AR (%) N
Adjusted 

AR (%) N
Adjusted 

AR (%) N
Adjusted 

AR (%)

Maternal age

< 18 80 0.7 2 0.4 12 2.7 9 0.6

≥ 35 261 2.3 44 9.4 6 1.4 23 1.5

Diabetes 99 0.9 16 3.5 0 0.1 9 0.6

Hypertension (chronic) 158 1.4 11 2.4 1 0.3 18 1.2

Previous preterm/ small  birth 200 1.8 21 4.4 4 0.9 17 1.1

Any tobacco use 123 1.1 4 0.8 9 2.1 51 3.3

Hypertension (pregnancy associated) 360 3.2 27 5.7 3 0.8 28 1.8

Eclampsia 149 1.3 11 2.4 4 0.9 19 1.3

Interpregnancy interval

< 18 months 389 3.4 11 2.3 13 3.0 70 4.6

> 59 months 110 1.0 2 0.4 5 1.2 28 1.8

Significant risk factors (p < 0.05) highlighted in red   
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Table 6. Adjusted odds ratios for preterm birth for non-Hispanic black women by 
prevalence area 

Entire region
N=38,049 N=1,153 N=2,717 N=6,867
aOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI

Maternal demographic factors
Age

< 18 1.01 (0.87, 1.17) 1.61 (0.53, 4.88) 0.69 (0.35, 1.36) 1.12 (0.88, 1.43)
18-34 Ref. Ref. Ref. Ref.
≥ 35 1.23 (1.12, 1.34) 1.55 (0.99, 2.42) 1.71 (1.26, 2.31) 1.41 (1.12, 1.77)

Education
< High school 1.19 (1.09, 1.30) 1.34 (0.58, 3.11) 1.17 (0.74, 1.85) 1.16 (1.00, 1.34)
Completed high school/ 
GED Ref. Ref. Ref. Ref.

Some college or higher 0.88 (0.82, 0.94) 1.01 (0.62, 1.64) 0.87 (0.67, 1.13) 0.86 (0.74, 1.02)
Single 1.20 (1.12, 1.28) 1.26 (0.81, 1.96) 1.11 (0.86, 1.43) 1.09 (0.91, 1.31)
Pre-pregnancy risk factors
Diabetes 1.20 (1.01, 1.43) 1.10 (0.49, 2.51) 0.98 (0.53, 1.80) 1.33 (0.85, 2.09)
Hypertension (chronic) 2.80 (2.32, 3.38) 6.83 (2.75, 16.99) 3.19 (1.65, 6.15) 2.25 (1.35, 3.76)
Previous preterm/small birth 3.35 (2.69, 4.17) - 6.35 (2.80, 14.40) 2.26 (1.29, 3.96)
Prior fetal death 1.38 (1.29, 1.48) 1.60 (1.04, 2.48) 1.22 (0.93, 1.60) 1.29 (1.11, 1.49)
Prior induced termination 1.09 (1.01, 1.17) 0.89 (0.44, 1.83) 1.24 (0.92, 1.68) 1.19 (1.01, 1.39)
During pregnancy risk factors
Any tobacco use 1.52 (1.30, 1.77) 0.77 (0.17, 3.42) 1.05 (0.30, 3.65) 1.58 (1.25, 1.99)
Hypertension (pregnancy) 2.39 (2.08, 2.75) 4.08 (1.97, 8.49) 2.42 (1.47, 3.98) 2.04 (1.42, 2.94)
Eclampsia 5.49 (4.14, 7.27) 11.86 (3.90, 36.04) 6.74 (3.25, 13.97)
Interpregnancy interval

< 18 months 1.61 (1.44, 1.79) 1.47 (0.60, 3.57) 1.98 (1.28, 3.07) 1.58 (1.29, 1.94)
18-59 months Ref. Ref. Ref. Ref.
> 59 months 1.04 (0.95, 1.15) 1.04 (0.54, 1.99) 0.96 (0.66, 1.39) 1.18 (0.96, 1.44)

Primigravida 1.1 (1.01, 1.17) 1.22 (0.76, 1.95) 1.48 (1.11, 1.98) 0.93 (0.80, 1.08)

Neighborhood level risk factors a

Deprivation Index quartile
<25% (least deprived) Ref. Ref. Ref. Ref.
25-49.9% 1.07 (0.98, 1.16) 0.90 (0.46, 1.75) 0.88 (0.65, 1.19) 0.86 (0.59, 1.27)
50-74.9% 1.10 (1.02, 1.20) - 1.03 (0.76, 1.39) 0.89 (0.63, 1.25)
≥ 75% 1.2 (1.13, 1.34) 1.00 (0.48, 2.11) 0.89 (0.46, 1.74) 0.93 (0.68, 1.27)

Middle prevalence 
area

High prevalence 
area

Low prevalence 
area

Significant factors (p< 0.05) highlighted in red 
a – Quartiles of individuals relative to all 5 counties among black population only 
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Table 7. Risk attributable preterm births for potentially modifiable factors among African-Americans only by prevalence area
Entire population Low prevalence area Middle prevalence area High prevalence area
N=5,971 N=132 N=375 N=1,424

N
Adjusted 

AR (%) N
Adjusted 

AR (%) N
Adjusted 

AR (%) N
Adjusted 

AR (%)

Maternal age

< 18 3 0.0 3 2.0 -7 -1.8 14 1.0

≥ 35 156 2.6 14 10.8 34 9.1 37 2.6

Diabetes 31 0.5 1 0.6 0 -0.1 8 0.5

Hypertension (chronic) 122 2.0 9 6.5 10 2.7 14 1.0

Previous preterm/ small birth 102 1.7 0 0.0 11 2.9 12 0.9

Any tobacco use 84 1.4 -1 -0.5 0 0.0 45 3.2

Hypertension (pregnancy associated) 193 3.2 9 6.9 15 4.1 26 1.8

Eclampsia 97 1.6 0 0.0 10 2.7 18 1.3

Interpregnancy interval

< 18 months 231 3.9 3 1.9 19 5.0 73 5.1

> 59 months 32 0.5 1 0.5 -3 -0.7 30 2.1

 

Significant risk factors (p < 0.05) are highlighted in red
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Table 8. Adjusted odds ratios for preterm birth for non-Hispanic white women by prevalence area  

Entire region
N=29,232 N=2,304 N=4,674 N=271 N=574
aOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI

Maternal demographic factors
Age

< 18 0.97 (0.69, 1.37) Ɨ 0.59 (0.22, 1.57) Ɨ 0.64 (0.20, 2.01)
18-34 Ref. Ref. Ref. Ref. Ref.
≥ 35 1.09 (0.98, 1.20) 1.01 (0.68, 1.50) 1.21 (0.93, 1.56) 0.85 (0.27, 2.70) 1.35 (0.47, 3.87)

Education
< High school 1.13 (0.95, 1.34) 0.85 (0.25, 2.88) 1.30 (0.83, 2.04) 1.97 (0.70, 5.50) 1.78 (0.98, 3.24)
Completed high school/ GED Ref. Ref. Ref. Ref. Ref.
Some college or higher 0.84 (0.75, 0.94) 0.64 (0.34, 1.21) 0.87 (0.66, 1.14) 0.36 (0.14, 0.93) 1.29 (0.51, 3.23)

Single 1.33 (1.18, 1.50) 1.73 (1.00, 2.99) 1.02 (0.74, 1.42) 1.16 (0.49, 2.75) 2.28 (1.22, 4.25)
Pre-pregnancy risk factors
Diabetes 1.37 (1.08, 1.74) 1.57 (0.59, 4.18) 1.03 (0.55, 1.92) 1.89 (0.24, 14.69)
Hypertension (chronic) 2.15 (1.50, 3.08) 1.41 (0.28, 7.23) 2.11 (0.92, 4.87) 3.62 (0.12, 111.05) 3.17 (0.25, 39.96)
Previous preterm or small birth 3.50 (2.69, 4.55) 3.16 (0.82, 12.14) 4.47 (2.36, 8.46) 15.36 (0.65, 362.14) 1.19 (0.09, 15.43)
Prior fetal death 1.07 (0.96, 1.19) 1.01 (0.63, 1.60) 1.03 (0.79, 1.33) 0.61 (0.20, 1.86) 1.14 (0.44, 2.98)
Prior induced termination 1.11 (0.95, 1.28) 1.11 (0.62, 1.99) 0.99 (0.61, 1.61) 4.25 (1.39, 12.97) 0.99 (0.51, 1.90)

Low prevalence 
area

Middle 
prevalence area

High prevalence 
area #1

High prevalence 
area #2

 
Significant factors (p< 0.05) highlighted in red 
a – Quartiles of individuals relative to all 5 counties among white population only 
Ɨ  –  Addition of variable caused non-convergence of regression model, therefore it was not included in the final model. 
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Table 8 (cont.). Adjusted odds ratios for preterm birth for non-Hispanic white women by prevalence area 
 

Entire region
N=29,232 N=2,304 N=4,674 N=271 N=574
aOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI

During pregnancy risk factors
Any tobacco use 1.10 (0.92, 1.31) 1.82 (0.56, 5.87) 0.59 (0.31, 1.12) 0.52 (0.14, 1.98) 1.42 (0.76, 2.62)
Hypertension (pregnancy) 2.38 (2.00, 2.84) 1.94 (0.72, 5.22) 2.79 (1.93, 4.03) 2.08 (0.28, 15.36) Ɨ
Eclampsia 5.00 (3.36, 7.43) 6.24 (1.51, 25.79) 3.46 (0.96, 12.51) Ɨ 21.42 (1.18, 388.67)
Interpregnancy interval

< 18 months 1.50 (1.25, 1.81) 1.89 (0.80, 4.46) 1.40 (0.84, 2.32) 2.06 (0.55, 7.75) 2.83 (1.09, 7.34)
18-59 months Ref. Ref. Ref. Ref. Ref.
> 59 months 1.28 (1.10, 1.50) 2.38 (1.17, 4.83) 0.92 (0.61, 1.40) 0.52 (0.11, 2.37) 0.52 (0.14, 2.01)

Primigravida 1.20 (1.09, 1.32) 1.15 (0.75, 1.75) 1.14 (0.90, 1.44) 1.53 (0.60, 3.90) 1.15 (0.60, 2.19)

Neighborhood level risk factors a

Deprivation Index quartile
<25% (least deprived) Ref. Ref. Ref. Ref. Ɨ
25-49.9% 1.04 (0.93, 1.17) 0.85 (0.53, 1.36) 0.99 (0.75, 1.32) 0.41 (0.05, 3.46) Ɨ
50-74.9% 1.08 (0.96, 1.22) 0.91 (0.50, 1.67) 0.98 (0.74, 1.31) 1.31 (0.53, 3.20) Ɨ
≥ 75% 0.97 (0.86, 1.10) 0.80 (0.51, 1.28) Ɨ Ɨ Ɨ

Low prevalence 
area

Middle 
prevalence area

High prevalence 
area #1

High prevalence 
area #2

 
Significant factors (p< 0.05) highlighted in red 
a – Quartiles of individuals relative to all 5 counties among white population only 
Ɨ  –  Addition of variable caused non-convergence of regression model, therefore it was not included in the final model. 
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Table 9. Risk attributable preterm births for potentially modifiable factors among white mothers only by prevalence area 

Entire population Low prevalence area Middle prevalence area High prevalence area #1 High prevalence area #2
N= 2,596 N=136 N=409 N=38 N=68

N
Adjusted 

AR (%) N
Adjusted 

AR (%) N
Adjusted 

AR (%) N
Adjusted AR 

(%) N
Adjusted 

AR (%)

Maternal age
< 18 -1 -0.1 0 0.0 -4 -0.9 Ɨ -2 -3.3
≥ 35 50 1.9 1 0.4 16 3.9 -1 -2.3 1 1.9

Diabetes 22 0.9 2 1.3 0 0.1 1 2.5 Ɨ

Hypertension (chronic) 21 0.8 1 0.4 4 0.9 1 1.9 1 1.0

Previous preterm/ small  birth 59 2.3 2 1.5 12 2.8 1 2.5 0 0.2

Any tobacco use 14 0.6 2 1.3 -8 -1.9 -5 -12.2 6 8.2

Hypertension (pregnancy associated) 107 4.1 2 1.8 26 6.4 1 2.7 Ɨ

Eclampsia 37 1.4 3 1.9 3 0.7 Ɨ 1 1.4

Interpregnancy interval

< 18 months 51 2.0 3 2.4 6 1.4 3 6.8 6 9.5

> 59 months 57 2.2 8 5.5 -3 -0.7 -3 -7.4 -3 -4.0  
Significant factors (p< 0.05) highlighted in red 
Ɨ  –  Addition of variable caused non-convergence of regression model, therefore it was not included in the final model. 
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Table 10. Imputation results: Adjusted odds ratios for preterm birth for all races by 
prevalence area 

N=160,004 N=9,798 N=27,580 N=65,785
aOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI

Maternal demographic factors
Age

< 18 1.12 (1.03, 1.22) 1.00 (0.45, 2.23) 2.03 (1.24, 3.34) 1.07 (0.88, 1.29)
18-34 Ref. Ref. Ref. Ref.
≥ 35 1.19 (1.14, 1.24) 1.30 (1.10, 1.53) 1.07 (0.85, 1.34) 1.33 (1.12, 1.57)

Education
< High school 1.10 (1.05, 1.15) 0.85 (0.56, 1.30) 0.83 (0.61, 1.12) 1.16 (1.03, 1.30)
Completed high 
school/ GED Ref. Ref. Ref. Ref.

Some college or 
higher 0.83 (0.79, 0.87) 0.83 (0.66, 1.05) 1.00 (0.79, 1.26) 0.81 (0.72, 0.92)

Race/ ethnicity
Non-Hispanic black 1.58 (1.51, 1.65) 1.35 (1.08, 1.68) 1.41 (1.12, 1.79) 1.37 (1.05, 1.79)
Non-Hispanic white Ref. Ref. Ref. Ref.
Hispanic 0.97 (0.91, 1.02) 0.95 (0.72, 1.25) 1.16 (0.89, 1.53) 0.92 (0.67, 1.26)
Other 1.10 (1.02, 1.18) 0.87 (0.71, 1.08) 0.97 (0.68, 1.39) 0.91 (0.55, 1.52)

Single 1.21 (1.16, 1.25) 1.66 (1.34, 2.06) 1.11 (0.91, 1.37) 1.23 (1.08, 1.40)
Pre-pregnancy risk factors
Diabetes 1.40 (1.25, 1.57) 1.85 (1.23, 2.77) 1.13 (0.54, 2.36) 1.51 (0.96, 2.36)
Hypertension (chronic) 3.18 (2.74, 3.70) 3.69 (2.07, 6.58) 2.00 (0.80, 5.03) 3.12 (1.98, 4.91)
Previous preterm or small 4.24 (3.71, 4.84) 4.76 (2.98, 7.63) 2.95 (1.25, 6.96) 3.06 (2.08, 4.50)
Prior fetal death 1.22 (1.16, 1.28) 1.22 (1.00, 1.48) 1.16 (0.92, 1.46) 1.19 (1.06, 1.34)
Prior induced termination 1.18 (1.12, 1.25) 0.96 (0.70, 1.30) 1.28 (0.92, 1.78) 1.13 (0.99, 1.28)
During pregnancy risk factors
Any tobacco use 1.40 (1.27, 1.55) 0.99 (0.52, 1.86) 1.72 (1.12, 2.63) 1.63 (1.34, 1.98)
Hypertension (pregnancy) 2.61 (2.34, 2.90) 2.68 (1.81, 3.96) 1.83 (0.97, 3.47) 2.32 (1.73, 3.12)
Eclampsia 6.37 (5.23, 7.76) 4.73 (2.32, 9.67) 6.93 (2.25, 21.34) 8.03 (4.16, 15.53)
Interpregnancy interval

< 18 months 1.63 (1.53, 1.73) 1.53 (1.07, 2.17) 1.48 (1.04, 2.10) 1.62 (1.39, 1.90)
18-59 months Ref. Ref. Ref. Ref.
> 59 months 1.08 (1.02, 1.14) 1.25 (0.97, 1.60) 0.96 (0.72, 1.28) 1.09 (0.93, 1.28)

Primipara 1.12 (1.08, 1.17) 1.36 (1.14, 1.61) 1.20 (0.99, 1.47) 0.96 (0.86, 1.08)

Neighborhood level risk factors a

Deprivation Index quartile
<25% (least deprived) Ref. Ref. Ref. Ref.
25-49.9% 1.05 (1.00, 1.10) 1.14 (0.79, 1.63) 0.97 (0.79, 1.19) 0.68 (0.37, 1.22)
50-74.9% 1.06 (1.00, 1.11) - - 0.93 (0.64, 1.34) 0.74 (0.41, 1.33)
≥ 75% 1.15 (1.09, 1.21) - - 0.83 (0.63, 1.09) 0.78 (0.44, 1.39)

High prevalence 
area

Middle 
prevalence area

Low prevalence 
area

Entire region

 
Significant factors (p< 0.05) highlighted in red 
a – Quartiles of individuals relative to all 5 counties 
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Table 11. Imputation results: Risk attributable preterm births for potentially modifiable factors among all races by prevalence area 

N= 18,856 N= 826 N=3,215 N=12,250

N
Adjusted AR 

(%) N
Adjusted AR 

(%) N Adjusted AR (%) N
Adjusted AR 

(%)

Maternal  age

< 18 92 0.5 0 0.0 66 2.1 62 0.5

≥ 35 509 2.7 65 7.9 35 1.1 276 2.2

Diabetes 180 1.0 22 2.6 8 0.2 103 0.8

Hypertens ion (chronic) 293 1.6 18 2.1 18 0.6 166 1.4

Previous  preterm/ smal l   bi rth 346 1.8 30 3.6 36 1.1 176 1.4

Any tobacco use 200 1.1 0 0.0 65 2.0 341 2.8

Hypertens ion (pregnancy associated) 581 3.1 37 4.5 45 1.4 259 2.1

Eclamps ia 260 1.4 15 1.8 35 1.1 164 1.3

Interpregnancy interva l

< 18 months 634 3.4 15 1.8 76 2.4 612 5.0

> 59 months 177 0.9 21 2.5 -15 -0.5 130 1.1

Enti re population Low preva lence area Middle preva lence area High preva lence area

 
Significant factors (p< 0.05) highlighted in red
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Table 12. Percent change in precision between complete case and imputation analysis 

Complete 
case method

Imputation 
method

Complete 
case method

Imputation 
method

Complete 
case method

Imputation 
method

Complete 
case method

Imputation 
method

Maternal demographic factors
Age

< 18 0.25 0.19 23.88 1.92 1.79 7.01 3.12 2.10 32.77 0.52 0.40 21.52
18-34
≥ 35 0.14 0.11 21.93 0.61 0.43 29.11 0.62 0.50 19.40 0.54 0.45 17.91

Education
< High school 0.13 0.11 20.78 0.87 0.74 15.36 0.54 0.52 5.13 0.33 0.27 17.67
Completed high school/ GED
Some col lege or higher 0.09 0.07 14.59 0.50 0.39 21.29 0.58 0.48 17.84 0.28 0.20 28.75

Race/ ethnici ty
Non-Hispanic black 0.19 0.15 21.10 0.75 0.59 21.12 0.76 0.67 11.22 1.61 0.74 54.07
Non-Hispanic white
Hispanic 0.14 0.11 18.71 0.69 0.53 23.55 0.81 0.64 21.41 1.21 0.59 51.13
Other 0.20 0.16 20.19 0.46 0.37 18.96 1.05 0.72 31.80 1.91 0.98 48.81

Single 0.11 0.09 20.74 0.95 0.72 23.99 0.64 0.46 28.17 0.36 0.32 11.27
Pre-pregnancy risk factors
Diabetes 0.32 0.32 -1.10 1.66 1.54 7.63 1.77 1.82 -3.18 1.25 1.40 -12.17
Hypertens ion (chronic) 0.85 0.96 -13.32 4.30 4.51 -4.92 3.96 4.24 -6.87 2.95 2.93 0.65
Previous  preterm/smal l  bi rth 1.08 1.13 -4.76 5.06 4.65 8.11 6.66 5.71 14.32 2.07 2.42 -16.85
Prior feta l  death 0.13 0.12 10.86 0.54 0.48 11.02 0.63 0.55 13.00 0.35 0.28 20.11
Prior induced termination 0.14 0.14 2.36 0.73 0.60 17.63 1.17 0.85 26.75 0.34 0.29 12.85
During pregnancy risk factors
Any tobacco use 0.31 0.27 11.20 1.20 1.34 -11.59 1.74 1.51 13.36 0.81 0.64 20.96
Hypertens ion (pregnancy associated) 0.50 0.55 -10.60 2.19 2.15 1.73 2.12 2.50 -18.01 1.57 1.39 11.15
Eclamps ia 2.00 2.53 -26.50 7.98 7.36 7.84 16.72 19.09 -14.21 9.12 11.37 -24.65
Interpregnancy interva l

< 18 months 0.26 0.20 20.11 1.62 1.10 31.88 1.31 1.06 18.98 0.61 0.51 16.32
18-59 months
> 59 months 0.15 0.12 20.72 0.76 0.63 17.27 0.63 0.56 11.84 0.45 0.35 22.62

Primigravida 0.11 0.09 19.50 0.76 0.47 37.97 0.51 0.48 5.19 0.27 0.22 20.04

Neighborhood level risk factors a

Deprivation Index quarti le
<25% (least deprived - referent)
25-49.9% 0.13 0.10 22.07 1.34 0.83 37.83 0.46 0.40 13.10 2.65 0.85 67.90
50-74.9% 0.14 0.11 20.33 - - - 0.85 0.70 17.80 2.55 0.92 63.90
≥ 75% 0.16 0.12 21.50 - - - 0.55 0.46 15.63 2.93 0.94 67.84

CI Width CI Width CI Width CI Width Percent 
ga in in 

precis ion

Percent 
ga in in 

precis ion

Percent 
ga in in 

precis ion

Percent 
ga in in 

precis ion

Enti re s tudy area Low preva lence area Middle preva lence area High preva lence area
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Figures 

 

 
 
 
 

Figure 1. Distribution of smoothed preterm birth prevalence rates among all 
races/ethnicities 



51 
 

Figure 2. Distribution of smoothed preterm birth prevalence among non-Hispanic black 
mothers 
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Figure 3. Distribution of smoothed preterm birth prevalence among non-Hispanic white 
mothers 
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Figure 4. High, low and middle prevalence regions among all races/ethnicities 
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Figure 5. High, low and middle prevalence regions among all non-Hispanic black mothers 
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Figure 6. High, low and middle prevalence regions among all non-Hispanic white mothers 
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