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Background: In the United States, disparities in gestational age at birth by maternal race, ethnicity, and geography are theorized to be related, in part, to differences in individual- and neighborhood-level socioeconomic status (SES). Yet, few studies have examined their combined effects or whether associations vary by maternal race and ethnicity and United States Census region.

Methods: We assembled data from 34 cohorts in the Environmental influences on Child Health Outcomes (ECHO) program representing 10,304 participants who delivered a liveborn, singleton infant from 2000 through 2019. We investigated the combined associations of maternal education level, neighborhood deprivation index (NDI), and Index of Concentration at the Extremes for racial residential segregation (ICERace) on gestational weeks at birth using linear regression and on gestational age at birth categories (preterm, early term, post–late term relative to full term) using multinomial logistic regression.

Results: After adjustment for NDI and ICERace, gestational weeks at birth was significantly lower among those with a high school diploma or less (−0.31 weeks, 95% CI: −0.44, −0.18), and some college (−0.30 weeks, 95% CI: −0.42, −0.18) relative to a master’s degree or higher. Those with a high school diploma or less also had an increased odds of preterm (aOR 1.59, 95% CI: 1.20, 2.10) and early term birth (aOR 1.26, 95% CI: 1.05, 1.51). In adjusted models, NDI quartile and ICERace quartile were not associated with gestational weeks at birth. However, higher NDI quartile (most deprived) associated with an increased odds of early term and late term birth, and lower ICERace quartile (least racially privileged) associated with a decreased odds of late or post-term birth. When stratifying by region, gestational weeks at birth was lower among those with a high school education or less and some college only among those living in the Northeast or Midwest. When stratifying by race and ethnicity, gestational weeks at birth was lower among those with a high school education or less only for the non-Hispanic White category.

Conclusion: In this study, maternal education was consistently associated with shorter duration of pregnancy and increased odds of preterm birth, including in models adjusted for NDI and ICERace.
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1 Introduction

Gestational age at birth is a critical determinant of child health and development (1). It is well-established that preterm birth (before 37 completed gestational weeks) markedly increases the risk for infant and early childhood mortality and serious morbidity (2). More recently, it has become clear that each additional week of gestation before and after the full term period (39 through 40 completed weeks) increases the risk for infant morbidity and mortality (3). Those born late preterm (34 through 36 completed weeks) and early term (37 through 38 completed weeks) experience an increased risk for infant mortality and morbidity (4–7) relative to those born full term. Moreover, both late term (41 through 41\u00B0completed weeks) and post-term (42 completed weeks and beyond) birth increase the risk for stillbirth and perinatal death and confer risk for macrosomia and related birth complications, meconium aspiration, and neonatal seizures (3, 8).

Gestational age at birth is also an important determinant of cognitive and educational outcomes. Systematic reviews demonstrate that, relative to their full term peers, children born preterm are at increased risk for academic difficulties in reading and math (9) and those born early term are at increased risk for adverse cognitive and educational outcomes (10). A study of more than 1 million children in the United States (U.S.) found that those born late term had a 3.1% reduced risk of poor cognitive outcomes and a 2.8% higher probability of being labeled as “gifted” compared with their full term peers but were 2.1% more likely to have a physical impairment (11). A large study of more than 400,000 school children in the United Kingdom (UK) concluded that gestational age at birth accounted for 10% of the adjusted population-attributable fraction of special education needs (12).

Within the United States, there are stark disparities in gestational age at birth, including by maternal race and ethnicity (7, 13). From 2015 to 2017, the highest rate of preterm birth in the United States was among those who identified as non-Hispanic Black (13.6%), followed by American Indian/Alaska Native (11.3%), Hispanic (9.4%), non-Hispanic White (9.0%), and Asian/Pacific Islander (8.7%) (14). A recent study in northern California, however, found that Asian participants had an elevated rate of preterm birth relative to non-Hispanic White participants (15), suggesting that geographic variations in racial and ethnic disparities in gestational age at birth may exist. Additionally, rates of preterm birth vary across states, with the lowest rates in northeastern and northwestern states and the highest rates in southeastern states (16, 17). According to the Center for American Progress (18), there is wide variation across states in a range of policies that affect access to health care and human services, which shape both utilization of health care and the prevalence of health behaviors and conditions linked to birth outcomes.

Racial, ethnic, and geographic disparities in gestational age at birth are theorized to be related, in part, to differences in individual-level socioeconomic status (SES) (19). Those of lower SES have a higher burden of adverse health outcomes across the life course (20, 21). In fact, there is a consistent social gradient in the risk of preterm birth across several measures of individual-level SES, including maternal education and income levels, marital and employment status, and health insurance type (19). Differences in these individual-level SES measures do not, however, entirely account for observed disparities in preterm birth (22) and have not been well studied for other gestational age categories. Of note, traditional measures of SES (such as education and income) may not fully capture an individual’s SES, which is likely influenced by immigration and acculturation status and English proficiency, among other factors (23).

Differences in neighborhood-level SES are increasingly recognized as contributors to disparities in health outcomes (24, 25), including gestational age at birth (26–35). Neighborhood-level SES is a construct that encompasses resource allocation, social marginalization, and power exchange, which are reflected in measures of deprivation and segregation (36). The legacy of United States segregation (both de jure and de facto) via historical and contemporary systemic racism (37, 38) continues to impact racial and ethnic minorities to this day, especially for Black Americans who have fewer socioeconomic opportunities, are differentially exposed to lifelong financial stress, and are more likely to reside in neighborhoods with concentrated poverty, infrastructure decay, resource divestment, and environmental hazards (39, 40). It is notable that gains in individual-level SES do not protect Black individuals from residential racial segregation (41). Neighborhood-level measures of SES have been conceptually linked to adverse birth outcomes via pathways mediated by individual-level health behaviors, psychosocial factors, social support, stress, and access to quality health care, food, and recreational facilities (42).

Understanding the factors that drive socioeconomically patterned inequalities in gestational age at birth requires socioeconomic data from various ecological levels (36, 43). However, few studies have investigated the combined effect of individual- and neighborhood-level measures of SES on gestational age at birth (44) or whether any observed associations vary by maternal race and ethnicity and geography of residence. To fill this gap, we capitalized on data from the large, diverse nationwide sample enrolled in the Environmental influences on Child Health Outcomes (ECHO) program to investigate these relationships. Specifically, using ECHO data, we sought to examine associations of maternal education, as an individual-level measure of SES, in conjunction with neighborhood-level deprivation and racial segregation, with gestational age at birth overall and stratified by maternal race and ethnicity and United States Census region. A range of maternal health conditions and health behaviors may be on the causal pathway between SES exposures and gestational age at birth; therefore, we considered whether variables that capture specific maternal health conditions and health behaviors influence any observed associations.



2 Methods


2.1 Design

This study combined data from multiple United States pregnancy and pediatric cohorts in the ECHO program. In 2016, the National Institutes of Health (NIH) launched the ECHO program to investigate the influence of early life environmental exposures on child health and development. ECHO supports pediatric cohorts throughout the United States in the sharing of extant data and the collection of new data under a common protocol. This nationwide consortium is able to leverage demographic and geographic heterogeneity and a large sample size to answer important research questions about child health and development (45, 46). The ECHO study protocol was approved by the local and/or central ECHO Institutional Review Board. Written informed consent was obtained from parents/caregivers (along with child assent as age-appropriate).



2.2 Study population

The primary study population consisted of 10,304 participants from 34 ECHO cohorts who delivered a liveborn, singleton infant from 2000 through 2019 and who had the following outcome and exposure information available for analysis: gestational age at birth, maternal prenatal level of education, maternal race and ethnicity, and at least one geocoded residential address during pregnancy (Figure 1). We restricted inclusion to those cohorts with available data on at least 20 observations (n = 8 cohorts were dropped). The secondary study population excluded three cohorts (n = 547) that enrolled only preterm births (< 37 weeks) and included 9,757 participants from 31 ECHO cohorts. This secondary study population was utilized to investigate the association between the exposures and gestational age outcome categories.
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FIGURE 1
 Derivation of the study sample from ECHO cohort data.




2.3 Outcome measure–gestational age at birth

Gestational age at birth in completed weeks was obtained through abstraction of maternal or child medical records or through parent report. For medical record abstraction, an accepted hierarchy was employed to ascertain the most accurate measure for estimating the due date: dating based on embryo placement following in vitro fertilization or on artificial insemination (0%), obstetrical estimate from first trimester ultrasound (2%), obstetrical estimate from ultrasound taken in the second trimester with fetal biparietal diameter dating within 2 weeks of sure last menstrual period (LMP) (0%), ultrasound taken in the second trimester with unsure or no LMP date (0%), report from obstetrical medical record reporting “consensus” estimated date of delivery with no ultrasound documented during first and second trimester (8%), obstetrical estimate from LMP only (8%), neonatal estimate of gestational age at birth obtained from child medical records (39%), estimate from cohort research encounter (3%), report by mother (27%), and cohort-provided estimated date of delivery without further description (12%) (47, 48).

Gestational age at birth was assessed as a continuous measure (gestational weeks) and a categorical measure (preterm, 22–0/7 through 36–6/7 weeks; early-term, 37–0/7 through 38–6/7 weeks; full-term, 39–0/7 through 40–6/7 weeks [reference category]; and late- and post-term, 41–0/7 to 43–0/7 weeks). These categorizations were based on the definitions of the American College of Obstetricians and Gynecologists Committee Opinion (49).



2.4 Individual-level SES measure–maternal education

Existing research among United States populations suggests that education is the dimension of SES that most strongly and consistently predicts maternal and child health outcomes (50, 51). Maternal self-reported highest level of education during the prenatal period served as the principal individual-level measure of SES and was categorized as: (1) up to a high school diploma or equivalent; (2) some college (no degree), an associate’s degree, or trade school; (3) a bachelor’s degree; and (4) a master’s degree and above (reference category).



2.5 Neighborhood-level SES measures–deprivation and racial segregation

Participant self-reported addresses were geocoded in ArcGIS Pro Streetmap Premium Geocoder. Streetmap Premium includes the underlying locational databases (streets, parcels, rooftops, administrative boundaries) that addresses match to and the algorithms and code that attempt to select the most accurate latitude/longitude location for each address (52). To assess the reliability of addresses, a geocoding quality variable was constructed based on ECHO’s ability to match addresses to a point address with values ranging from 1 to 9. Our inclusion criteria required a level of 6 or lower for geocoding quality to be included in the analysis. In our study population, over 99% of addresses had a high-quality match of level 4 or lower (point or specific street address). We assigned a census tract identifier to each participant address using the appropriate census tract boundary file. When more than one address was available for a given participant during the prenatal period, we used the first reported address during the pregnancy period; more than half of our study population had only one address available during the relevant time period. We identified 5,190 census tracts for the study population representing 45 states. Federal Information Processing Standards (FIPS) codes were then identified. Neighborhood-level measures were obtained by linking the FIPS codes to the 2000 decennial censuses and the American Community Survey (ACS) 5-Year Estimates for 2010–2019 depending on the child’s year of birth. Specifically, the neighborhood-level measures were calculated (as described below) for all census years used in this study, meaning for the 2000 decennial census and all ACS 5-year surveys from 2010 to 2019. Study participants were then matched with a neighborhood-level measure value based on the census tract they were residing in during pregnancy. If the pregnancy was prior to 2010, the participant was assigned a value based on the 2000 decennial census using their year 2000 census tract. For participants whose pregnancy was in 2010 and beyond, they were assigned a value based on the corresponding ACS year using their year 2010 census tract.

Using published formulae, we calculated two established indices to serve as the principal neighborhood-level measures of SES: the Neighborhood Deprivation Index (NDI) (53) and the Index of Concentrations at the Extremes for racial residential segregation (ICERace) (54, 55). We chose NDI because it is a multi-dimensional, composite index that summarizes neighborhood deprivation (53), and previous research has associated this measure with preterm birth (26), including among non-Hispanic Black and White women in eight geographic areas in the United States (28). We chose to focus on racial residential segregation, as measured by ICERace, because growing literature suggests that racial segregation is an important driver of health disparities, including preterm birth and infant mortality (40). We calculated these indices at the level of census tract based on literature showing that census tract-level analyzes resulted in maximal geocoding linkage (i.e., the highest proportion of records geocoded and linked to census-defined geography) and that measures of economic deprivation at the census tract-level were most sensitive to expected socioeconomic gradients in health among non-Hispanic Black, non-Hispanic White, and Hispanic men and women (56, 57).

NDI is a summary measure created through principal components analysis using the following eight census tract measures (as percentages): males in management and professional occupations, crowded housing, households in poverty, female-headed households with dependents, households on public assistance, households earning < $30,000 per year, adults with less than a high school education, and unemployed individuals (53). The census tracts were then matched to their corresponding NDI value based on the year of the birth of the child. Higher NDI values indicate a higher level of socioeconomic deprivation in the census tract. In our analysis, NDI values were categorized into quartiles based on the distribution of our analytical sample, with the fourth quartile (highest NDI) representing the highest level of socioeconomic deprivation in the census tract, consistent with the published literature (52) and for ease of interpretability.

ICERace was utilized to quantify the extent of racial segregation within the census tract and was calculated using the established formula (54, 55):
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Where for a given census tract i:

Ai = the number of persons in the most racially privileged category in the census tract.

Pi = the number of persons in the least racially privileged category in the census tract.

Ti = the total count of persons (of all races and ethnicities) in the census tract.

For this analysis, the most racially privileged category was defined as non-Hispanic White persons and the least racially privileged category was defined as non-Hispanic Black persons. ICERace ranges from −1 to 1; a value of 1 signifies that 100% of the population of the census tract is concentrated in the most racially privileged group, whereas a value of −1 signifies that 100% of the population of the census tract is concentrated in the least racially privileged group. The census tracts were matched to their corresponding ICERace value and categorized into quartiles, with the first quartile (lowest proportion of non-Hispanic White persons) representing those least racially privileged.



2.6 Stratifying variable–race and ethnicity

Maternal race and ethnicity were ascertained via self-report and then categorized as non-Hispanic White, non-Hispanic Black, non-Hispanic Other Race, and Hispanic. Non-Hispanic Other Race included non-Hispanic persons who identified their race as American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, Asian, multiple races, or other race; these were collapsed into a single category due to small sample size.



2.7 Stratifying variable–United States Census region

Geographic region was assigned according to United States Census regions (Figure 2) categorized as Midwest, Northeast, South, or West, considering the state in which the mother resided during the pregnancy.
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FIGURE 2
 Prenatal residential census tracts and regions for the ECHO study sample.




2.8 Covariates

Covariates for inclusion in statistical modeling were selected based on their association with SES and gestational age at birth in the literature (19, 56, 58) and their availability within the ECHO cohorts; the covariates that were included in statistical modeling are described in the next sections.

Maternal age in years (continuous), child sex (male, female), and parity (categorized as nulliparous, 1–2 births, and 3+ births prior to the index pregnancy) were based on medical record abstraction or maternal report. Prenatal marital status was based on maternal report and was categorized as married or living with a partner; widowed, separated, or divorced; or single, never married, and partnered not living together.

Pre-pregnancy body mass index (BMI) was defined using measured or self-reported height and weight between 12 months prior to conception through the first trimester and was categorized as underweight, healthy weight, overweight or obese according to accepted definitions (59). Gestational diabetes was defined as new-onset diabetes during pregnancy based on self-report or as indicated in medical records. The presence of preeclampsia or eclampsia, gestational hypertension, or gestational diabetes during the index pregnancy was ascertained via self-report or medical record abstraction with documentation of high blood pressure or anti-hypertensive medication use during pregnancy.

Prenatal substance use was ascertained through self-report or medical record abstraction for substance use during pregnancy. Binary variables (yes/no) for tobacco, alcohol, and marijuana use during pregnancy were created. Nicotine exposure was defined as cigarette smoking, use of Electronic Nicotine Delivery Devices/ENDS (e-cigarettes, vapes, vape pens, etc.), and other forms of tobacco (chewing tobacco/snuff, nicotine patch, nicotine gum/lozenges, cigar, pipe, hookah, Bidi/Beedi). Alcohol use included the consumption of beer, wine, mixed drinks, spirits, shot liquor, or any other type of alcohol.



2.9 Statistical analyzes

We described maternal sociodemographic and health characteristics overall and by maternal education categories, tabulating means and standard deviations (SDs) for continuous variables and the number of observations, missingness, and the percentage of total observations for categorical variables (Table 1). Additionally, we described maternal education level, NDI quartile, and ICERace according to maternal race and ethnicity categories and United States Census regions (Tables 2, 3). To evaluate the associations between maternal education, neighborhood deprivation, and racial segregation with completed gestational weeks in the primary study population, we performed a linear mixed effects model with random intercepts for cohort membership to account for within-cohort correlation (60). We employed multinomial logistical regression to estimate odds ratios (ORs) and 95% confidence intervals (Cis), considering categories of completed gestational weeks (preterm, early-term, late- and post-term) as the outcome in relation to full-term birth (reference category) after excluding the three cohorts that enrolled only preterm children. We calculated intraclass coefficients (ICCs) to assess cohort effects; all ICCs were < 0.02 indicating that no significant variation in the outcome was due to between-cohort differences in the secondary study population.



TABLE 1 Characteristics of ECHO cohort participants in the study sample overall and according to prenatal maternal level of education.
[image: Table1]



TABLE 2 Maternal level of education, neighborhood deprivation index quartile, and index of concentrations of the extremes for race quartile in the ECHO cohort by maternal race and ethnicity.
[image: Table2]



TABLE 3 Maternal level of education, neighborhood deprivation index quartile, and index of concentrations of the extremes for race quartile in the ECHO cohort by maternal Census region of residence.
[image: Table3]

For both linear and multinomial logistic regression modeling, we evaluated each SES measure of interest (level of maternal education, neighborhood deprivation, and racial segregation) using an unadjusted model (without adjustment for covariates), a co-adjusted model (adjusting the estimate for each SES exposure for the other SES exposures), and an adjusted model (adjusting for maternal age, marital/cohabitation status, parity, and child sex in addition to the other SES exposures).

Additionally, we conducted two types of sensitivity analyzes. In the first sensitivity analyzes, we explored the effect of further adjusting linear mixed effect models for maternal health conditions and behaviors previously associated with SES and gestational age at birth, including pre-pregnancy BMI and pregnancy-related conditions (preeclampsia, gestational hypertension, gestational diabetes) and prenatal substance use (tobacco, alcohol, marijuana), which could potentially confound or be on the causal pathway for any observed SES-gestational age at birth associations. In a second set of sensitivity analyzes, we performed ‘leave one out’ analysis in which we examined the point estimate for each SES measure of interest on completed gestational weeks in linear mixed effect modeling after excluding one cohort at a time.

We compared measures of association for unadjusted, co-adjusted, and further adjusted models to explore whether individual- and neighborhood-level measures of SES attenuate or potentiate observed associations by maternal health conditions and health behaviors. Based on a priori hypotheses that there would be substantial variation by maternal race and ethnicity and United States Census region, adjusted linear models were stratified by maternal race/ethnicity categories (Hispanic, non-Hispanic Black, non-Hispanic White, non-Hispanic Other Race) and by United States Census region (Northeast, Midwest, West, and South) to examine differences by strata.

Imputation was performed for missing data for the covariates of marital status, parity, pre-pregnancy BMI, prenatal substance use, gestational diabetes, and gestational hypertension, with multiple imputation (MI) by chained equations using the fully conditional specification with a discriminant function (27). Imputation models included gestational age; maternal education, race, ethnicity, and age; NDI; ICERace; urbanicity; and Census region, with cohort membership as a classification variable. All statistical models were performed using non-imputed and imputed data. No substantial differences in estimated measures of association were observed when considering models based on non-imputed values (excluding cases with missing values) and multiple imputation values; thus, we chose to present models based on imputed data since parameter estimates were more stable. Estimates of association (Tables 4–7) combine estimates from five imputations.



TABLE 4 Linear regression modeling of maternal education, neighborhood deprivation and racial segregation on gestational age at birth (weeks) among singleton births 2000–2019 in the ECHO Cohort (n = 10,304 mother–child pairs).
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TABLE 5 Multinomial regression modeling1 of maternal education, neighborhood deprivation and racial segregation on gestational age at birth categories (full term birth as referent category) among singleton births 2000–2019 in the ECHO cohort–secondary population excluding preterm only cohorts.
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TABLE 6 Linear regression modeling of maternal education, neighborhood deprivation and racial segregation on gestational age at birth among singleton births 2000–2019 in the ECHO cohort–stratified by maternal race/ethnic category.
[image: Table6]



TABLE 7 Linear regression modeling1 of maternal education, neighborhood deprivation and racial segregation on gestational age at birth among singleton births 2000–2019 in the ECHO cohort–stratified by Census Region of residence.
[image: Table7]

All analyzes were performed using the R statistical software package, version 4.1.0 (R Foundation for Statistical Computing, Vienna, Austria). The mice package (61) was used for multiple imputation, lme4 package was used linear mixed effects regression (60), and the nnet package (62) was used for multinomial logistic regression.




3 Results


3.1 Description of study population

The primary sample consisted of 10,304 ECHO participants from 34 ECHO cohorts who delivered a liveborn infant from 2000 through 2019 with available participants’ residential address during the prenatal period (Figure 2). The distribution of gestational age and the characteristics of the study population differed by maternal education level (Table 1). The mean gestational age at birth was 38.2 weeks (SD 3.4); approximately 54% of participants delivered full term, 13% preterm, 21% early term, and 12% late or post-term. Mean and median NDI values were higher (representing higher deprivation) while mean and median ICERace values were lower (representing a lower proportion of residents in the most racially privileged group, i.e., non-Hispanic White individuals) among mothers with lower educational levels (high school or less, some college) relative to those with higher educational levels (bachelor’s or master’s degree). Substantial proportions of the study population resided in the Northeast (41.2%) and West (28.0%) United States regions, with smaller proportions from the Midwest (15.9%) and South (14.9%). Overall, 18.4% of participants were Hispanic of any race; 54.5% were non-Hispanic White; 17.3% were non-Hispanic Black; and 9.9% were non-Hispanic Other Race. Participants’ mean age at birth was 30.5 years (SD 5.6) and approximately 35% had not given birth prior to the index delivery. Just over 40% of participants had a healthy BMI (18.5 to less than 25.0 kg/m2), with considerable variability by level of education (28.5% of those with a high school education or less had a healthy weight vs. 59.2% with a master’s degree or higher).

Approximately 5% of pregnancies in the study population were affected by preeclampsia or eclampsia, 4.5% by gestational hypertension, and 7.5% by gestational diabetes in the index pregnancy. Within the study population, maternal level of education, NDI, and ICERace varied by maternal race and ethnicity (Table 2) and United States Census region of residence (Table 3). Approximately half of non-Hispanic Black participants had a high school education or less compared with 10.5% of non-Hispanic White, 16.0% of non-Hispanic Other Race, and 46.7% of Hispanic participants. In addition, non-Hispanic Black participants were more likely to be in the first ICERace quartile and the fourth NDI quartile compared with all other race and ethnicity categories (Table 2). Those residing in the South had a greater frequency of a high school education or less and lower ICERace values, indicating a lower proportion of residents in the most racially privileged group (Table 3) compared with those residing in the Midwest, North, and West United States Census regions.



3.2 Gestational weeks at birth (continuous)–models for the overall primary sample

We found an association between the maternal education and gestational age at birth based on unadjusted, co-adjusted, and adjusted linear mixed effects regression models (Table 4).

Gestational age at birth was significantly lower among those with up to a high school diploma or less (−0.31 weeks, 95% CI: −0.44, −0.18) and some college (−0.30 weeks, 95% CI: −0.42, −0.18) relative to those with a master’s degree or higher across all models (unadjusted, co-adjusted, adjusted), with minimal change in the effect estimate after adjusting for the other principal exposure variables (NDI and ICERace quartile) and after including age, marital/cohabitation status, parity, and child sex. In the unadjusted model, a significantly lower gestational age at birth was observed among those with higher levels of neighborhood deprivation (third and fourth quartiles) relative to the first quartile (lowest deprivation), with attenuation of the effect with co-adjustment for the other SES exposure variables (maternal education and ICERace quartile) and virtually no change in the effect estimate with further adjustment for age, marital/cohabitation status, parity, and child sex. When considering the principal exposure of ICERace quartile, in the unadjusted model, a significantly lower gestational age at birth was found among those residing in census tracts in the first quartile (relatively lower proportions of non-Hispanic White individuals) relative to the fourth quartile (highest proportion of non-Hispanic White individuals; −0.30 weeks, 95% CI: −0.45, −0.16); with co-adjustment and in the adjusted model, no significant associations were observed between ICERace and gestational age at birth.



3.3 Gestational weeks at birth categories–secondary sample

SES exposure variables (maternal education, neighborhood deprivation, and racial segregation) were associated with gestational age at birth outcomes (preterm, early-term, late- or post-term; full-term birth as referent) for the secondary sample in unadjusted, co-adjusted, and adjusted models (Table 5). These results are presented visually with adjusted ORs (aORs) and 95% CIs for the SES exposures and categories of gestational age at birth (Figure 3).
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FIGURE 3
 Adjusted odds ratios for gestational age at birth categories (full-term birth as referent category) among singleton births from 2000 to 2019 in the ECHO cohorts–secondary study population.



3.3.1 Effect estimates for maternal education

In the unadjusted model utilizing the secondary study population, having a high school diploma or less vs. a master’s degree or above was associated with a significantly increased odds of preterm birth (OR 1.62, 95% CI: 1.31, 2.02) and early term birth (OR 1.36, 95% CI: 1.19, 1.57) and a decreased odds of late or post-term birth (OR 0.78, 95% CI: 0.66, 0.96). Similarly, in the unadjusted model, having some college was associated with a significantly increased odds of preterm birth (OR 1.47, 95% CI: 1.18, 1.83) and a significantly decreased odds of late- or post-term birth (OR 0.74, 95% CI: 0.62, 0.89). With co-adjustment for other principal exposure variables, effect estimates from the unadjusted model were somewhat attenuated. In the models that were additionally adjusted for maternal age, parity, marital/cohabitation status, and child sex, having a high school degree or less vs. a master’s degree or above remained associated with a significantly increased odds of preterm birth (aOR 1.59, 95% CI: 1.20, 2.10) and early term birth (aOR 1.26, 95% CI: 1.05, 1.51). Similarly, in the overall adjusted model, having some college was significantly associated with an increased odds of preterm birth (aOR 1.53, 95% CI: 1.19, 1.97). In the overall adjusted model, having some college vs. a master’s degree or above was also significantly associated with a decreased odds of late or post-term birth (aOR 0.79, 95% CI: 0.64, 0.96).



3.3.2 Effect estimates for neighborhood deprivation index

For the secondary sample, an increased level of neighborhood deprivation (as indicated by the fourth NDI quartile) was associated with a significantly increased odds of preterm and early term birth in the unadjusted models. This association only remained significant after adjustment for the early term births (aOR 1.24, 95% CI: 1.00, 1.52). In addition, participants with increasing levels of neighborhood deprivation had a significantly increased odds of late or post term birth (OR 1.64, 95% CI 1.25, 2.15 for the fourth quartile compared to the first quartile) in the adjusted model.



3.3.3 Effect estimates for neighborhood racial segregation

For the secondary sample, the unadjusted model showed a significant association between residence in a census tract in the first and second ICERace quartiles (least racially privileged) vs. the fourth quartile (most racially privileged) and preterm birth (aOR 1.82, 95% CI: 1.46, 2.26; aOR 1.29, 95% CI: 1.02, 1.62, respectively); however, these findings became non-significant after adjustment for covariates. The unadjusted model showed a significantly increased odds of early term birth among those in the first, second, and third ICERace quartiles, with some attenuation of the effect estimate in the co-adjusted and adjusted models, resulting in some non-significant results. In the unadjusted, co-adjusted, and adjusted models, there was consistently a significantly decreased odds of late or post-term birth among those residing in the first, second, and third ICERace quartiles compared to the fourth quartile (aOR 0.49, 95% CI 0.38, 0.64 for 1st vs. 4th quartile).




3.4 Gestational weeks at birth continuous–stratified by maternal race/ethnic category

In our primary study population, the association between SES exposure variables and gestational age at birth differed when stratified by maternal race/ethnic category (Table 6). We observed that gestational age at birth was lower for those with a high school education or less and some college vs. a master’s degree or above for only the non-Hispanic White category. No significant associations were observed between NDI and ICERace and gestational age at birth after stratification by maternal race/ethnicity.



3.5 Gestational weeks at birth continuous–models stratified by United States Census region

Associations between maternal education and gestational age at birth varied by United States Census region (Table 7). We observed that gestational age at birth was lower among those with a high school education or less and some college vs. a master’s degree or higher for those living in the NorthEast and Midwest during pregnancy. No significant associations were observed between NDI and ICERace and gestational age at birth after stratification by United States Census Region.



3.6 Gestational weeks at birth continuous–sensitivity analyzes

Estimates that incorporated adjustments for additional covariates related to maternal health conditions and substance use behaviors had a minimal impact on the results regarding the relationship between maternal education and neighborhood deprivation and gestational age at birth (Supplementary Table S1). Specifically, when considering the relationship between lower maternal education and gestational age at birth, additional adjustment for maternal pre-pregnancy BMI, pregnancy-related conditions (preeclampsia, gestational hypertension, gestational diabetes), and prenatal substance use did not meaningfully alter effect estimates. Associations between NDI and ICERace with gestational age at birth also did not differ after further adjustment.

In ‘leave one out’ analysis, the exclusion of one cohort at a time did not appreciably alter the point estimates for the associations between maternal education (Supplementary Figure S1A), NDI quartile (Supplementary Figure S1B), or ICERace (Supplementary Figure S1C) with completed gestational age at birth.




4 Discussion

This analysis of the combined effects of individual- and neighborhood-level measures of SES on gestational age at birth using data from 34 ECHO cohorts spanning 45 states and all United States Census regions suggests that lower maternal education was associated with an increased odds of a shorter pregnancy duration and preterm birth. The association between lower maternal education and shorter pregnancy duration was observed in the Northeast and Midwest Census regions only. When stratifying by maternal race and ethnicity, the significant associations between lower levels of maternal education and shorter pregnancy duration was seen for only non-Hispanic Whites. The lack of an association between lower maternal education and shorter pregnancy duration for racial and ethnic minority participants suggests that additional exposures (related to exposures to various forms of racism) may be more salient or may reflect that there were relatively few minority participants in the highest education category. Understanding the association between individual- and neighborhood-level factors with gestational age is critical for the identification and targeting of effective solutions to improve maternal and child health and health equity.

In our analysis of the combined effects of individual- and neighborhood-level measures of SES, neighborhood-level measures of SES were not associated with pregnancy duration overall. However, individuals living in more deprived neighborhoods (as operationalized by higher NDI quartile) had an increased odds of post term birth, and individuals living in higher racial privilege neighborhoods (conceptualized as a lower ICERace quartile reflecting a lower proportion of non-Hispanic White individuals in the census tract) had an decreased odds of post term birth.

Among our study participants, regional differences in racial segregation were evident in that 45.0% of those in the South Census region resided in the least racially privileged ICERace quartile compared with 26% or less in the other Census regions. When looking at the United States population overall, there remain significant regional differences in racial segregation levels, with higher levels in the United States South despite declines since 2000 (63).

Notably, in statistical models that additionally adjusted for maternal health conditions, including pre-pregnancy BMI and pregnancy-related conditions (preeclampsia, gestational hypertension, gestational diabetes) and substance use behaviors, little change occurred in the effect estimates for maternal education level and NDI quartile on gestational age at birth. This observation may suggest that these individual- and neighborhood-level measures of SES exert their influence partly through pathways that are not directly related to maternal health status and/or behaviors, which may include pathways mediated by psychosocial factors, social support and stress, environmental exposures, and access to healthy food and recreation (42, 64, 65). Additionally, consideration of prenatal substance use produced little change in the effect estimates for racial privilege of the census tract of residence. In contrast, adjustment for pre-pregnancy BMI and pregnancy-related conditions altered conclusions about the effect of ICERace quartile (racial segregation) on gestational age at birth; with the inclusion of these variables in the model, a lower ICERace quartile (i.e., lower proportion of non-Hispanic White individuals) associated with a decreased odds of preterm birth and attenuated the association with the increased odds of early-term birth. These findings suggest a complex relationship among pre-pregnancy BMI, pregnancy-related conditions, and racial segregation that warrants further investigation. For example, are neighborhoods with a lower proportion of non-Hispanic White individuals more communal or supportive in some way that influences gestational age at birth?

The relationship between a higher level of maternal education and a lower preterm birth risk has been previously documented in the United States (50, 51). Although our results were not significant for all racial/ethnic groups, point estimates suggested an association between increased levels of maternal education and decreased odds of preterm birth except among non-Hispanic Black participants. The lack of statistical power may have been due to smaller sample sizes for the race/ethnicity-specific strata. It is also possible, however, that the effect of maternal level of education is not as related to preterm birth among those of a race/ethnicity other than non-Hispanic White. One explanation for the persistence of racial/ethnic disparities after accounting for SES measures, such as maternal education, is that specified levels of SES are not equivalent across racial/ethnic groups (66, 67). At every level of education, Black women have lower earnings and less accumulated wealth than White women and face higher average costs for housing, food, and insurance while having more people dependent on their incomes; therefore, racial/ethnic groups may not be comparable at a given level of SES (68).

Previous studies employing neighborhood-level measures of deprivation largely support an association between greater deprivation and preterm birth. In one study, NDI was found to associate with preterm birth in four United States between 1995 and 2001 (28). Likewise, living in census tracts with high unemployment, low education, and high poverty has been found to associate with an increased odds of preterm birth among non-Hispanic White and non-Hispanic Black individuals, with larger effect sizes among non-Hispanic White individuals (26). A study from California of the Black-White disparity in preterm birth found that SES, measured by both maternal level of education and census tract poverty, contributed to disparate rates of preterm birth, especially for births less than 32 weeks’ gestation (27). Additional studies have found associations between preterm birth and census tract-level median household income in Louisiana (1997–1998) (33) and very high gentrification (percent change in education level, poverty level, and median household income) in New York City (2008–2010) (30). In contrast, one study found no increased risk of preterm birth with census tract-level median household income in Massachusetts (1996–2002) (30), and another study using a composite variable for neighborhood-level SES derived from seven census variables found no association between low neighborhood SES and preterm birth among a sample of 6,390 United States Black women after adjustment for individual-level characteristics (34).

Likewise, previous studies employing neighborhood-level measures of segregation largely support an association between segregation and preterm birth. A meta-analysis of 42 studies found that the association between segregation and preterm birth differed by race, with segregation (Black racial composition of the neighborhood) being associated with an increased odds of preterm birth primarily among non-Hispanic Black individuals (32). A systematic review of studies that considered segregation using the Index of Concentration at the Extremes for race and income combined (referred to as racialized economic segregation and typically represented as ICERace-Income) on health outcomes found five studies examining the outcome of preterm birth; these studies support a significant association between higher racialized economic segregation and preterm birth (69). A meta-analysis of 42 studies found the association between segregation and preterm birth differed by race, with segregation being associated with an increased odds of preterm birth primarily among non-Hispanic Black women (32). Another study found significant variation in the effects of segregation on the rates of preterm birth according to the prevalence of preterm birth, noting that segregation heightens the risk for preterm birth in areas of low–preterm birth prevalence, but overall, has no effect in areas of high prevalence (70). The authors of this study conclude that segregation may be a secondary factor in areas of higher prevalence of preterm birth, which on average have fewer (need-adjusted) resources and a higher prevalence of other risk factors and conditions.

A growing body of research has assessed area-based measures of SES in conjunction with environmental exposures to investigate preterm birth from an environmental justice perspective. Such studies have found that exposures to air pollution and water pollution increase the risk for preterm birth, particularly among neighborhoods of low SES (71–73). Future studies should consider the effects of these potential explanatory factors on gestational age at birth for women according to race, ethnicity, and geography.



5 Strengths and limitations

This study addresses an important gap in the literature, namely the limited data on racial/ethnic and geographic variation in individual- and neighborhood-level measures of SES and gestational age at birth across the United States A strength of the ECHO-wide cohort is its heterogeneity with respect to race/ethnicity, geographic variation covering multiple states and regions, and SES. Another strength of the ECHO cohort data is the availability of maternal prenatal residential addresses, which allowed for geocoding and assignment of neighborhood-level measures of SES at the census tract. Publicly available birth record data does not allow for discernment of geography to the census tract level. Within the published literature, aside from our previously published disseminated meta-analysis (44), no other study has brought together data from multiple pediatric cohorts across multiple states to address whether individual- and neighborhood-level markers of SES associate with gestational age at birth across the United States Previous studies that have considered individual- and neighborhood-level markers of SES have mostly focused within a single state or have been conducted at a geographic level larger than census tract (such as city or county), which may not accurately characterize an individual’s true exposure to deprivation and segregation. Of note, however, use of the ECHO cohort data presents potential limitations of generalizability and/or selection bias in that the different cohorts have different inclusion/exclusion criteria and different distributions of participant race and ethnicity. Participants in the ECHO cohorts could differ from the general population, thereby impacting our ability to generalize findings.

An additional strength of the ECHO cohort data is the availability and wealth of data on maternal health conditions and pregnancy complications that are linked with gestational age at birth outcomes. This rich data available across the ECHO cohorts offer a unique opportunity to expand on the analyzes of geographic variation in gestational age outcomes based on natality files. Conversely, the heterogeneity of the ECHO cohorts presents limitations. There was considerable variability in the measurement methods of the different variables (e.g., maternal self-report vs. medical record), thus leading to the potential misclassification of outcomes (particularly given the variability in the range of methods that could be used to classify gestational age at births across participating cohorts) and exposures.

An important limitation of this study and many other studies is that we were unable to examine the duration of exposure to neighborhood deprivation and racial segregation, which would require the construction of longitudinal residential address data over time. Neighborhoods where a mother has lived over the life course, encompassing childhood, adolescence, and adulthood, may have significant effects on health later in life. Living in a poorer neighborhood as a youth may expose a mother to chronic stress that later increases the risk for preterm birth (74). A study of African American, White, and Latina births in California from 1982 to 2011 found that living in neighborhood poverty early in life and at adult time points was associated with mothers being at higher risk of preterm birth compared with living in a high-opportunity neighborhood throughout the life course (75). An additional limitation is that paternal level of education was not a variable that was widely available across the participating cohorts and was not included in this analysis. Paternal level of education has been independently associated with risk for preterm birth (76).

A further limitation of the present study is the lack of investigation into the effect of interpersonal racial discrimination on gestational age at birth outcomes in the United States A substantial body of research suggests that racial discrimination is an important stressor, especially for Black Americans, and that physiological responses to chronic stress related to interpersonal and systemic racial discrimination contribute to an excess risk of preterm birth (77–81). A systematic review of the literature, including 15 studies published between 2009 and 2015, observed that racial discrimination is a significant risk factor for delivering preterm (82). A multi-state analysis using a representative United States sample consisting of data from the Pregnancy Risk Assessment Monitoring System (PRAMS) from 2004 through 2012 observed that for non-Hispanic Black women, experiences of racism were significantly associated with a greater odds of delivering preterm (77). A study of African American women in Detroit, Michigan from 2009 to 2011 found that perceived racial microaggressions in the past year were associated with a higher risk of preterm birth (83). Another study of non-Latino White and Black births in California from 2011 to 2014 found that chronic worry about racial discrimination was associated with an increased risk of preterm birth; after adjusting for chronic worry about racial discrimination, the disparity in preterm birth among Black and White mothers was noticeably attenuated (84). This body of work highlights the need for future studies focused on the roles that these stressors play in these associations because education, SES, and other typically quantified prenatal exposures do not completely explain the racial disparities observed in preterm birth.



6 Conclusions and implications

The findings from this analysis indicate that both maternal education and neighborhood deprivation, representing individual- and neighborhood-level measures of SES, associate with preterm birth in the United States The findings suggest that interventions aimed at reducing preterm birth should include the promotion of higher educational attainment among women of reproductive age and multi-level community initiatives that foster community development. Additionally, the findings reinforce that for some racial and ethnic groups and geographic regions, factors other than higher educational attainment, such as racism, may be more salient exposures such that higher educational attainment and neighborhood privilege are not protective. Thus, interventions are needed that focus on achieving equitable access to the social determinants of health. In particular, there is a need for innovative social and economic policies and programs that support equal benefits from social resources for racial and ethnic minority individuals, including educational attainment. Such policies should focus on optimizing access to resources and assets and reducing societal and structural barriers that hinder racial and ethnic minority populations, including residential segregation and fewer and lower-quality educational opportunities (85). The Center for American Progress outlines a comprehensive framework for addressing United States racial and ethnic disparities in maternal and infant mortality through such approaches (18).
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Pacific Islander

Other race 378 (14.8%) 184 (7.9%)
White 1,007 (39.4%) 1,320 (56.7%)
Maternal ethnicity

Hispanic 884 (34.5%) 585 (25.1%)

Non-Hispanic 1,675 (65.5%) 1744 (74.9%)

Race/Ethnicity

Hispanic 884 (34.5%) 585 (25.1%)
Non-Hispanic black 921 (36.0%) 525 (22.5%)
Non-Hispanic other' 162 (6.3%) 203 (8.7%)
Non-Hispanic white 592 (23.1%) 1,016 (43.6%)

Maternal age at delivery, years

Mean (SD) 267 (5.95) 29.1(5.33)
Median [Min, Max] 260 (14.0,46.0] 29.0(18.0,46.0]
Prenatal nicotine use?
Missing 320 (12.5%) 316 (13.6%)
No 1939 (75.8%) 1838 (78.9%)
Yes 300 (11.7%) 175 (7.5%)
Prenatal alcohol use®
Missing 508 (19.9%) 406 (17.4%)
No 1835 (71.7%) 1,581 (67.9%)
Yes 216 (3.4%) 342 (14.7%)
Prenatal marijuana use
Missing 999 (39.0%) 893 (38.3%)
No 1,383 (54.0%) 1,301 (55.9%)
Yes 177 (6.9%) 135 (5.8%)
Pre-pregnancy maternal BMI, kg/m?
Underweight (<18.5) 84.(3.3%) 53(2.3%)
Healthy Weight (18.5- 730 (28.5%) 748 (32.1%)
249)
Overweight (25.0-29.9) 516 (20.2%) 533 (22.9%)
Obese (> 30) 767 (30.0%) 705 (30.3%)
Missing 462 (18.1%) 290 (12.5%)
655 (28.1%)

12 1,030 (40.3%) 1,023 (43.9%)
>2 284 (11.1%) 251 (10.8%)
Missing 541 (21.1%) 400 (17.2%)
Child sex

Female 1413 (50.2%) 1,272 (48.9%)
Male 1,404 (49.8%) 1,325 (51.0%)
Missing 0.(0%) 2(0.1%)
Gestational hypertension

Missing 1177 (46.0%) 885 (38.0%)
No 1,282 (50.1%) 1,330 (57.1%)
Yes 100 (3.9%) 114 (4.9%)
Gestational diabetes in index pregnancy

Missing 355 (13.9%) 262 (11.2%)
No 1996 (78.0%) 1890 (81.2%)
Yes 208 (8.1%) 177 (7.6%)
(Pre) Eclampsia in index pregnancy

Missing 559 (21.8%) 540 (23.2%)
No 1862 (72.8%) 1,655 (71.1%)
Yes 138 (5.4%) 134 (5.8%)
Marital status

Married or cohabiting 1,349 (52.7%) 1,688 (72.5%)

Widowed; Separated; 171 (6.7%) 145 (6.2%)
Divorced

Single, never married; 896 (35.0%) 416 (17.9%)
Partnered, not living

together

Missing 143 (5.6%) 80 (3.4%)

0.58 (0.44)

0.73 (~0.99, 1.00]

378 (13.4%)
686 (24.4%)
768 (27.3%)
985 (35.0%)

664 (23.6%)

2,153 (76.4%)

351 (12.5%)
1,243 (44.1%)
358 (12.7%)

865 (30.7%)

<10

214 (7.6%)
245 (8.7%)
91(3.2%)

<6

73 (2.6%)

2,180 (77.4%)

260 (9.2%)

2,557 (90.8%)

260 (9.2%)
223 (7.9%)
307 (10.9%)

2027 (72.0%)

321 (4.46)

32.0 (20,0, 50.0]

262 (9.3%)
2,505 (88.9%)

50 (1.8%)

346 (12.3%)
1913 (67.9%)

558 (19.8%)

904 (32.1%)
1850 (65.7%)

63(2.2%)

66 (2.3%)

1,364 (48.4%)

642

%)
535 (19.0%)

210(7.5%)

1,121 (39.8%)
1,179 (41.9%)
179 (6.4%)

338 (12.0%)

1,139 (48.9%)
1,188 (51.0%)
2(0.1%)

870 (30.9%)
1803 (64.0%)

144 (5.1%)

194 (6.9%)
2,413 (85.7%)

210(7.5%)

481 (17.1%)

2,208 (78.4%)

128 (4.5%)

2,567 (91.1%)

71(2.5%)

153 (5.4%)

26 (0.9%)

Master's degree, Overall

professional, or
doctorate degree

(n=2599) (n=10304)

387 (2.56)
39.0(23.0,42.0)

38.2(3.43)
39.0(220,43.0)

53(20%) 471(46%)
18 (0.7%) 160 (1.6%)
17 (0.7%) 89 (0.9%)
129 (5.0%) 574.(5.6%)

520 (20.0%) 2,159 (21.0%)

1,488 (57.3%) 5,606 (54.4%)

327 (126%) 1,119 (10.9%)
47 (18%) 126 (1.2%)

~0.69 (0.70) ~0.053 (1.14)

~0.86 [~1.80,3.30] ~0.40 [~1.80,5.35]

1,173 (45.1%) 2,576

.0%)
774 (29.8%) 2,576 (25.0%)
505 (19.4%) 2,576 (25.0%)
147 (5.7%) 2,576 (25.0%)
0.62(036) 0.41(054)

0.72(~098, 1.00] 0.5 [~1.00, 1.00]

201 (7.7%) 2,576 (25.0%)
690 (26.5%) 2,576 (25.0%)
989 (38.1%) 2,576 (25.0%)
719 27.7%) 2,576 (25.0%)
472(18.2%) 1754 (17.0%)
2,127 (81.6%) 8,550 (83.0%)
343 (13.2%) 1,639 (15.9%)
1,103 (42.4%) 4,242 (41.2%)

326 (125%) 1,540 (14.9%)
827 (31.8%) 2,883 (28.0%)
<5 69 (0.7%)
261 (10.0%) 571(5.5%)
113 (43%) 1918 (18.6%)
75 (29%) 425 (41%)
< 37 (0.4%)
48 (1.8%) 683 (6.6%)

2094 (80.6%) 6,601 (64.1%)

165 (6.3%) 1894 (18.4%)

2,434 (93.7%) 8,410 (81.6%)

165 (6.3%) 1894 (18.4%)
110 (42%) 1779.(17.3%)
342 (13.1%) 1,014 (9.9%)
1982 (76.3%) 5617 (54.5%)
33.8 (3.80) 305 (5.64)

340 (220,520 31.0[140,520]

294 (11.3%) 1,192 (11.6%)
2,281 (87.8%) 8,563 (83.1%)
24 (09%) 549 (5.3%)
343 (13.2%) 1,603 (15.6%)

1718 (66.1%) 7,047 (68.4%)

538 (20.7%) 1,654 (16.1%)

984 (37.9%) 3,780 (36.7%)

1,585 (61.0%) 6,119 (59.4%)
30 (1.2%) 105 (3.9%)
61(23%) 264 (2.6%)

1,539 (59.2%) 4381 (42.5%)

525 (20.2%) 2,216 (21.5%)
283 (109%) 2,290 (22.2%)
191 (7.3%) 1,153 (11.2%)
1,163 (44.7%) 3,643 (35.4%)
1,064 (40.9%) 4,296 (41.7%)
72 (28%) 786 (7.6%)
300 (11.5%) 1,579 (15.3%)

1,234 (48.2%)

5,058 (49.1%)

1,321 (51.6%)

4(0.2%) 8(0.1%)
819 (31.5%) 3,751 (36.4%)

1,673 (64.4%) 6,088 (59.1%)
107 (4.1%) 465 (4.5%)
185 (7.1%) 996 (9.7%)

2,238 (86.1%) 8,537 (82.9%)

176 (6.8%) 771(7.5%)
513 (19.7%) 2093 (20.3%)
1982 (76.3%) 7,707 (74.8%)

104 (4.0%) 504 (49%)
2,485 (95.6%) 8,089 (78.5%)

27(1.0%) 414.(40%)

54(2.1%) 1,519 (14.7%)

33 (1.3%) 282 (2.7%)

‘Non-Hispanic Other Race included non-Hispanic persons who identified their race as American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, Asian, Multiple Races, or
Other Race. "Nicotine use included cigarette smoking, use of electronic nicotine delivery devices/ENDS (e-cigarettes, vapes, vape pens,etc.), and other forms of tobacco (including chewing

tobacco/snuff, nicotine patch, nicotine gum/lozenges, cigar, pipe; hookah, Bidi/Beedi). *Alcohol use included the consumption of beer, wine, mixed drink, spirit, shot liquor, or any other type
of alcohol. BA, Bachelor of Arts; BS, Bachelor of Science; GED, General Educational Development.
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Non-Hispanic Non-Hispanic Non-Hispanic Hispanic Overall
white black other

(n=5,617) (n=1779) (n=1,014) (n=1894) (n=10,304)

Neighborhood deprivation index, n (%)

4th Quartile (most

deprived) 328 (5.8%) 1,106 (62.2%) 191 (18.8%) 951 (50.2%) 2,576 (25.0%)
3rd Quartile 1,320 (23.5%) 416 (23.4%) 287 (28.3%) 553 (29.2%) 2,576 (25.0%)
2nd Quartile 1931 (34.4%) 169 (9.5%) 253 (25.0%) 223(11.8%) 2,576 (25.0%)

Ist Quartile (least
deprived) 2038 (36.3%) 88 (4.9%) 283 (27.9%) 167 (8:8%) 2,576 (25.0%)

ICEg,c. Quartile, n (%)

It Quartile (least

racially privileged) 261 (4.6%) 1,255 (70.5%) 231(22.8%) 829 (43.8%) 2,576 (25.0%)
2nd Quartile 1,081 (19.2%) 328 (18.4%) 436 (43.0%) 731 (38.6%) 2,576 (25.0%)
3rd Quartile 1886 (33.6%) 165 (9.3%) 262 (25.8%) 263 (13.9%) 2,576 (25.0%)

4th Quartile (most
racially privileged) 2,389 (42.5%) 31(1.7%) 85 (8.4%) 71(3.7%) 2,576 (25.0%)

Maternal education, n (%)

High school or less 592 (10.5%) 921 (51.8%) 162 (16.0%) 884 (46.7%) 2,559 (24.8%)
Some colleges trade

school 1,016 (18.1%) 525 (29.5%) 203 (20.0%) 585 (30.9%) 2,329 (22.6%)
Bachelor’s degree 2027 (36.1%) 223 (12.5%) 307 (30.3%) 260 (13.7%) 2,817 (27.3%)

Master’s degree or
above 1982 (35.3%) 110 (6.2%) 342 (33.7%) 165 (8.7%) 2,599 (25.2%)

ICE,..., Index of Concentration at the Extremes for racial residential segregation.
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Principle
exposure

Unadjusted OR
(95% ClI)

Maternal education
High school or less 1,62 (1.31,2.02)
Some college; AD;
trade school 147 (1.18,1.83)
Bachelor’s degree 0.92(073,1.16)
Master's degree or

above Ref
Neighborhood deprivation index
4th Quartile (most
deprived) 179 (1.45,2.22)
31d Quartile 1.21(097,1.52)
2nd Quartile 1.09 (0.86,1.37)
Ist Quartile (least

deprived) Ref
1CERace

Ist Quartile (least
racially privileged) 182 (1.46,2.26)

2nd Quartile 1.29(1.02,1.62)

3rd Quartile

118 (0.94,1.50)

racially privileged) Ref

Principle Exposure

Preterm
N =746

Co-adjusted
OR (95% ClI)

1.34 (1.05,1.72)

1.33 (1.05,1.68)
091 (072,1.15)

Ref

1.23 (0.90,1.69)

101 (0.79,1.31)

1.04(082,1.32)
Ref

1.37 (1.02,1.84)

118 (0.92,1.51)

119 (094,1.51)

Ref

Adjusted OR

(95% ClI)

1.59 (1.20,2.10)

1.53 (1.19,1.97)
0,97 (076,1.22)

Ref

1.30 (0.94,1.79)

104 (0.81,1.35)

1.05 (0.83,1.33)

Ref

1.29(095,1.75)
113 (0.88,1.46)

119 (0.93,1.51)

Ref

Unadjusted OR

(95% ClI)

1.36(1.19,1.57)

1.09(0.95,1.26)
1.00 (0.87,1.14)

Ref

1.43 (1.24,1.64)

1.17 (1.01,1.35)

1.01(0.88,1.17)

Ref

1.48 (1.29,1.71)
1.28 (1.11,1.48)

120 (1.04,1.39)

Ref

Late or post term

N=1245

Co-adjusted OR (95% CI)

Early term
N=2159

Co-adjusted
OR (95% CI)

Adjusted OR
(95% ClI)

1.19 (1.02,1.40) 1.26 (1.05,1.51)

102 (0.88,1.19) 106 (0.90,1.26)

099 (0.86,1.14) 101 (0.88,1.16)

Ref Ref

122 (099,1.50) 1.24(1.00,1.52)

109 (093,1.28) 110 (0.93,1.29)

101 (087,1.17) 101 (087,1.17)

Ref Ref

120 (0.99,1.45) 118 (0.97,1.43)

118 (1.01,1.38) 116 (0.99,1.36)

1.19.(1.03,1.38) 118 (1.02,1.37)

Ref Ref

Adjusted OR (95% CI)

Maternal education

High school or less

Some colleges AD; trade school
Bachelor’ degree

Master’s degree or above
Neighborhood deprivation index
4th Quartile (most deprived)

3rd Quartile

2nd Quartile

15t Quartile (least deprived)

ICEpoce

15t Quartile (least racially privileged)
2nd Quartile

3rd Quartile

th Quartile (most racially privileged)

Unadjusted OR (95% CI)

0.78 (0.66,0.93)

0.74 (0.62,0.89)

097 (0.82,1.13)
Ref

0.9(0.75,1.08)
111(0.94,1.32)
121 (1.02,1.43)

1%

0.60 (0.50,0.71)

0.77 (0.65,091)

0.80 (0.68,0.94)
Ref

0.78 (0.64,0.96)

0.72(0.59,0.87)

0.93(0.79,1.09)
Ref

1.59 (1.22,2.07)
1.41 (1.17,1.71)
126 (1.07,1.5)

Ref

0.51(0.40,0.65)

0.70 (0.59,0.84)

079 (0.67,094)
Ref

0.85 (0.68,1.08)
0.79 (0.64,0.96)
0.95 (0.81,1.12)

Ref

1.64 (1.25,2.14)
1.40 (1.16,1.69)
125 (1.05,1.49)

Ref

0.49 (0.38,0.63)

0.66 (0.55,0.79)

0.77 (0.65,091)
Ref

‘Adjusted for o other principal exposure variabls (level of education, neighborhood deprivation, racial segregation) and maternal age, marital/cohabitation status, party, and child sex.

ICE,.

Index of Concentration at the Extremes for racial residential segregation. CI, confidence interval. Bold text indicates a statistically significant association.
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Midwest Northeast South West Overall

(n=1639) (n=4242) (n=1540) (n=2883) (n=10304)

Neighborhood deprivation index, n (%)

4th Quartile (most

deprived) 411 (25.1%) 1,035 (24.4%) 528 (34.3%) 602 (20.9%) 2,576 (25.0%)
3rd Quartile 483 (29.5%) 926 (21.8%) 319(20.7%) 848 (29.4%) 2,576 (25.0%)
2nd Quartile 409 (25.0%) 1,222 (28.8%) 239 (15.5%) 706 (24.5%) 2,576 (25.0%)
1st Quartile (least

deprived) 336 (20.5%) 1,059 (25.0%) 454 (29.5%) 727 (25.2%) 2,576 (25.0%)
ICEqc. Quartile, n (%)

Ist Quartile (least

racially privileged) 290 (17.7%) 839 (19.8%) 693 (45.0%) 754 (26.2%) 2,576 (25.0%)
2nd Quartile 260 (15.9%) 703 (16.6%) 405 (26.3%) 1,208 (41.9%) 2,576 (25.0%)
3rd Quartile 532(32.5%) 862 (20.3%) 383 (24.9%) 799 (27.7%) 2,576 (25.0%)

4th Quartile (most
racially privileged) 557 (34.0%) 1838 (43.3%) 59 (3.8%) 122(4.2%) 2,576 (25.0%)

Maternal education, n (%)
High school or less 436 (26.6%) 1,010 (23.8%) 621 (40.3%) 492 (17.1%) 2,559 (24.8%)

Some college; trade
school 509 (31.1%) 886 (20.9%) 235 (15.3%) 699 (24.2%) 2,329(22.6%)

Bachelor's degree 351 (214%) 1,243 (29.3%) 358 (23.2%) 865 (30.0%) 2,817 (27.3%)

Master’s degree or
above 343 (20.9%) 1,103 (26.0%) 326 (21.2%) 827(28.7%) 2,599 (25.2%)

ICEj..., Index of Concentration at the Extremes for racial residential segregation.
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Principle Unadjusted Co-Adjusted Adjusted

e Estimate 95%Cl Estimate 95%Cl Estimate 95% Cl
Maternal education

High school or less —035 (=0.46,-0.24) —027 (~0.39,-0.15) —031 (~0.44,-0.18)
Some college; AD;

trade school =0.32 (—0.43,-0.21) =0.27 (—0.39,-0.16) —=0.30 (—0.42,-0.18)
Bachelor’s degree ~003 (-0.13,0.07) —002 (-0.12008) ~004 (~0.14,0.06)

Master's degree or

above Ref Ref Ref Ref Ref Ref
NDI Quartile

4th Quartile (most

deprived) -031 (-0.42,0.2) ~0.08 (-0.24,0.08) -0.10 (-0.25,006)
3rd Quartile ~0.10 (=0.21,0) 0 (=0.120.11) ~0.01 (=0.13,0.1)
2nd Quartile -0.03 (=0.13,008) 001 (=0.090.12) 001 (=0.1,0.11)
Ist Quartile (least

deprived) Ref Ref Ref Ref Ref Ref
ICEg,c. Quartile

Ist Quartile (least

racially privileged) -030 (=0.45,-0.16) -0.13 (<0.320.05) -012 (<0.3,006)
2nd Quartile -0.03 (=0.180.11) 003 (=0.120.18) 003 (-0.13,0.18)
3rd Quartile 0.01 (=0.120.14) 0.01 (=0.12,0.14) 0 (~0.13,0.14)
4th Quartile (most

racially privileged) Ref Ref Ref Ref Ref Ref

‘Model includes random intercept for ECHO cohort membership. No adjustment for covariates. *Mutually adjusted for other principal exposure variables (level of education, neighborhood
deprivation, racial segregation) and random intercept for ECHO membership. *Further adjusted for maternal age, marital/cohabitation status, parity; and child sex. ICE.. Index of
Concentration at the Extremes for racial residential segregation. Cl, confidence interval. Bold text indicates a statistically significant association.
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ECHO - wide cohort
(69 cohorts, 64302 pregnancies)

Excluded:

Navajo Birth Cohort Study

Missing gestational age at birth data (pregnancies = 18840)

Muttiple gestation birth or missing singleton status (pregnancies = 7276)
Missing prenatal maternal education (pregnancies = 15041)

Missing maternal race (pregnancies = 1528)

Missing maternal ethnicity (pregnancies = 901)

Missing maternal age at delivery (pregnancies = 357)

44 cohorts (n = 20539 pregnancies)

[Excluded:

« Missing residential address (pregnancies = 8993)
« Child birth year prior to 2000 or after 2019 (pregnancies = 1158)
« Missing NDI (pregnancies = 4)

Analytical dataset
(34 cohorts, 10304 pregnancies)






