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Abstract

The Black-White disparity in preterm birth persists and is not fully explained by individual-

level social, behavioral, or clinical risk factors. Consequently, there is increasing emphasis 

on understanding the role of structural and area-level factors. Racialized-economic segregation 

measured as the index of concentration at the extremes (ICE) simultaneously captures extremes 

of deprivation and privilege. Our objective was to examine associations between preterm birth 

(PTB) and the index of concentration at the extremes (ICE). In this cross-sectional study, we 

analyzed 193,957 Florida birth records from 2019 linked to 2015–2019 census tract data from the 

American Community Survey. We assessed PTB (< 37 weeks gestation) by subtypes: (1) early 

(< 34 weeks) and late (34–36 weeks) and (2) spontaneous and indicated (i.e., provider-initiated) 

deliveries. We calculated adjusted odds ratios (aOR) and 95% confidence intervals (CI) for three 

ICE measures: (1) ICE_INC: income, (2) INC_INC + WB: income + race/ethnicity (non-Hispanic 

White vs. Black), and (3) INC_INC + WH: income + race/ethnicity (non-Hispanic White vs. 

Hispanic). Results. For ICE_INC and INC_INC + WB, aORs for residing in the worst-off vs. 

best-off areas were 1.25 (95% CI: 1.12, 1.46) and 1.21 (95% CI: 1.07, 1.37) for early PTB, 

respectively, and 1.16 (95% CI: 1.05, 1.28) to 1.22 (95% CI: 1.12, 1.34) for indicated PTB. In 

conclusion, deprivation captured by ICE was associated with increased odds of early or indicated 
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PTB. Eliminating PTB disparities may require a multifaceted approach that includes addressing 

the interplay between income and race/ethnicity in residential areas.
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Background

Preterm birth (< 37 completed weeks gestation) is a major risk factor for infant mortality and 

other adverse outcomes with serious health implications [1] In Florida, 10.5% of live births 

in 2020 were preterm [2], similar to the US rate of 10.1% [3]. While preterm birth rates were 

comparable between Hispanic (9.2%) and non-Hispanic White infants (9.3%) in Florida, the 

rate was 1.5 times higher for non-Hispanic Black infants than non-Hispanic White infants 

[2].

This disparity, which is also observed nationwide [3] is not fully explained by individual-

level social, behavioral, and clinical risk factors of preterm birth [4]. Consequently, there is 

increasing emphasis on understanding the role of structural and area-level factors. Factors 

such as racial residential segregation and neighborhood conditions (e.g., socioeconomic 

disadvantage, crime, and pollution) where mothers reside before or during pregnancy are 

independently associated with increased risk of preterm birth, even after adjusting for 

individual-level factors [1, 5].

However, racial segregation and income disparities may demonstrate a stronger negative 

impact on adverse birth outcomes when they interact than when assessed alone. Racialized-

economic segregation or the index of concentration at the extremes (ICE) is a measure of 

spatial polarization that simultaneously captures extremes of privilege and deprivation [6]. 

Five studies [6–10] examined the association between ICE and preterm birth in California, 

Massachusetts, and New York. They found that women residing in the most economically 

deprived areas with high proportions of Black residents were more likely to experience 

preterm birth than women residing in the most economically privileged areas with high 

proportions of White residents. However, researchers did not assess ICE with respect to 

the distribution of Hispanic populations or compare categories of preterm birth subtypes, 

namely (1) spontaneous and indicated (i.e., provider-initiated) preterm delivery or (2) live 

births born at 24–33 or 34–36 week gestation. These preterm birth subtypes have different 

etiologies.

To address these gaps, we examined the association between maternal residence in areas of 

concentrations of low vs. high economic and racial privilege (as measured by ICE, including 

a measure for Hispanic ethnicity) and preterm birth, overall and by subtypes.
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Methods

Data Source

We linked 2019 Florida birth certificate records to the 2015–2019 American Community 

Survey (ACS) 5-year estimates by census tract of maternal residence [11]. This linkage 

created a dataset containing individual-level measures and area-level variables based on 

census tract population estimates [12]. The Ethics and Human Research Protection Program 

at the Florida Department of Health deemed this activity as a public health practice, not 

research involving human subjects.

Measures

Our outcome, preterm birth, was based on the clinician’s obstetric estimation of gestational 

age at birth [13]. We defined the percentage of preterm birth as the proportion of total 

live singleton births born < 37 completed weeks multiplied by 100. We also categorized 

preterm birth as early (24–33 weeks) and late (34–36 weeks) and according to delivery type 

(spontaneous or indicated) [14].

ICE variables capture spatial social and economic polarization through scores quantifying 

extremes of socioeconomic deprivation and privilege [15]. We categorized individuals into 

tertiles using these scores, ranging from − 1 to 1 for the following three ICE exposures: [16]

• Income (ICE_INC). The number of persons with high annual household income 

(80th percentile for cut-point ≥ $100,000)17 minus the number of persons with 

low annual household income (20th percentile for cut-point < $20,000), divided 

by the total population with known household incomes in the census tract (ACS 

website table B19001);

• Income and race/ethnicity for non-Hispanic White vs. Black (ICE_INC + WB). 

The number of non-Hispanic White persons with high annual household income 

(≥ $100,000) (ACS website tables B19001H, B19001B) minus the number of 

Black persons with low annual household income (< $20,000), divided by the 

total population with known income in the census tract; and

• Income and race/ethnicity for non-Hispanic White vs. Hispanic (ICE_INC + 

WH). The number of non-Hispanic White persons with high annual household 

income (≥ $100,000) (ACS website tables B19001H, B19001I) minus the 

number of Hispanic persons with low annual household income (< $20,000), 

divided by the total population with known income in the census tract.

We selected individual-level factors to add to statistical models a priori and excluded 

factors that were potential intermediates on the causal pathway (e.g., chronic diseases and 

prepregnancy body mass index). The analysis included maternal age (5-year increments 

from 15 through 44 years) and maternal race/ethnicity (Hispanic, non-Hispanic Black, 

and non-Hispanic White) [1]. For sensitivity analyses, we assessed paternal race/ethnicity 

(Hispanic, non-Hispanic Black, and non-Hispanic White) and maternal education (< high 

school (HS), HS diploma/GED, some college/associate degree, ≥ bachelor’s degree).
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For area-level factors added to statistical models, we examined (1) poverty rates to assess 

whether racialized economic segregation had an independent effect beyond that of poverty 

and (2) location (latitude and longitude coordinates) to account for maternal residences that 

were not spatially independent otherwise known as the distance-decay relationship [18]. For 

poverty rates, we divided the number of persons below 200% of the federal poverty level by 

the total population in the census tract (ACS website table B17001) and multiplied by 100. 

We grouped these percentages into tertiles where the cut-point for Tertile 1 was 19.7% (low 

poverty census tract) and for tertile 3 was 57.0% (high poverty census tract). Latitude and 

longitude, variables found in the linked birth file, were kept continuous and are based on the 

centroid of the residential census tract.

Study Population and Exclusions

Our study population included 201,602 infants born in Florida with resident mothers aged 

15–44 years who were Hispanic, non-Hispanic Black, or non-Hispanic White. We excluded 

multiple gestation pregnancies (e.g., twins) (n = 6226) because these births have a higher 

risk of preterm birth than singletons due to spontaneous labor or premature rupture of 

membranes (PROM), or as a result of maternal conditions such as pre-eclampsia or fetal 

disorders [19]. In addition, we excluded gestational ages < 24 to maximize the inclusion 

of viable births [20] and > 41 weeks because these infants have different morbidity and 

mortality risks than term infants (n = 885) [21]; and records missing data on the delivery 

type (n = 524) or ICE variables (n = 10), leaving an analytic sample of 193,957. We 

excluded births after 41-week gestation (postterm) because they are at increased risk of 

stillbirth or neonatal death than infants born at term 37–41 weeks. [22] Comparing preterm 

births to postterm births may dilute our findings because racial residential segregation is 

also associated with an increased risk of stillbirth [23]. Compared with the sample before 

implementing the exclusion criteria, there were no differences observed for maternal age 

(mean 29 vs. 29 years) or maternal race/ethnicity (non-Hispanic White (44% vs. 44%), 

non-Hispanic Black (23% vs. 22%), and Hispanic (33% vs. 33%) women).

Statistical Analysis

We examined the distribution of preterm birth (overall and subtypes) by individual-level and 

area-level characteristics using chi-square statistics. Odds ratios (OR) and 95% confidence 

intervals (CI) for preterm birth overall in relation to three ICE variables were estimated 

using random effects logistic regression models to account for clustering at the census 

tract level. Term births (37–41 weeks) (n = 177,056) served as the referent category for 

the four binary preterm birth subtype variables: (1) two variables for the gestational age 

at birth sub-analyses (n = 181,226 for < 34 weeks gestation and n = 189,787 for 34–36 

weeks gestation) and (2) two variables for the delivery type sub-analyses (n = 185,760 

for spontaneous preterm birth and n = 185,253 for indicated preterm birth). For these four 

preterm subtype variables, we used random effects logistic regression models because our 

random effects multinomial logistic regression models did not converge. We plotted fully 

adjusted odds ratios and 95% CIs using a logarithmic scale. The intraclass correlation 

coefficient for all random effect models was assessed. Odds ratios and 95% CIs from final 

models were adjusted for maternal age, maternal race/ethnicity, and area-level variables (i.e., 

poverty rate, and latitude and longitude coordinates). Each model included one of three ICE 
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variables to avoid collinearity. Model 1 included one ICE variable alone. Model 2 included 

an ICE variable plus all individual-level variables. Model 3 included an ICE variable and all 

individual and area-level variables. To test for multicollinearity, we calculated the variance 

inflation factor, which had a value of 2.01 for our full model. Because this value was less 

than five, we had little concern that our model returned unreliable coefficient estimates [24, 

25]. We conducted a sensitivity analysis to additionally adjust for maternal education and 

paternal race/ethnicity in full models. Statistical significance was considered at alpha < 0.05. 

All analyses were conducted in STATA v.17.0.

Results

Our analytic sample included 193,957 birth records and 4116 census tracts. The mean value 

was − 0.002 (standard deviation(SD) = 0.24) for ICE_INC (i.e., in the direction of a more 

extreme concentration of census tracts with lower median household incomes); 0.29 (SD 

= 0.44) for ICE_INC + WB (i.e., in the direction of a more extreme concentration of non-

Hispanic White residents with high-income than Black residents with low-income); and 0.20 

(SD = 0.47) for ICE_INC + WH (i.e., in the direction of a more extreme concentration of 

non-Hispanic White residents with high-income than Hispanic residents with low-income).

Approximately, 10% of births were preterm (Table 1). Compared with births delivered 37–

41-week gestation, higher proportions of women with preterm births were 35–44 years of 

age, non-Hispanic Black, resided in high-poverty census tracts, and were grouped in tertile 

1 for all ICE measures. Analyses of preterm birth subtypes yielded similar results except 

for maternal age: older women had a higher prevalence of indicated preterm births (26.3%) 

than term births (18.6%) whereas teenage mothers had a higher prevalence of spontaneous 

preterm births (5.9%) than term births (4.5%). All comparisons were statistically significant 

at p < 0.001.

Unadjusted odds ratios for preterm birth overall and ICE variables for levels of extreme 

deprivation and segregation (tertile 1) ranged from 1.34 to 1.47 and were statistically 

significant (Table 2). These associations attenuated after adjustment for individual-level 

factors (Model 2). Estimates for all ICE measures were still statistically significant. 

Although additional adjustment for area-level variables (Model 3) further weakened 

associations with ICE, women who lived in areas with both low household incomes and 

high proportions of Black residents experienced 13% increased odds (aOR = 1.13, 95% CI: 
1.06, 1.20) of preterm birth than women who lived in areas with high household incomes 

and high proportions of White residents. For Hispanic populations, however, there was no 

longer a statistically significant association between ICE and overall preterm birth in the 

fully adjusted model (aOR = 1.05, 95% CI: 0.99, 1.12). Across the fully adjusted models, 

the intraclass correlation coefficient was very modest (0.004).

In sensitivity analyses, we observed minor changes in effect estimates after adding maternal 

education and paternal race/ethnicity to the models. Adjusted odds ratios were 1.06 (1.00, 

1.13) for tertile 1 of ICE_INC, 1.10 (1.03, 1.18) for tertile 1 of ICE_INC + WB, and 1.03 

(0.96, 1.10) for tertile 1 of ICE_INC + WH (table not shown).
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Figure 1 shows fully adjusted odds ratios, plotted on a logarithmic scale, with tertiles of 

the three ICE measures for preterm birth subtypes: gestational timing and delivery type. No 

subtype variable was associated with the ICE measure comparing census tracts with mostly 

Hispanic residents and low household incomes to census tracts with mostly non-Hispanic 

White residents and high household incomes. The remaining two ICE variables (tertile 

1) were consistently associated with increased odds of early preterm (24–33 weeks) and 

indicated preterm birth but not late preterm (34–36 weeks) or spontaneous preterm birth. 

For example, tertile 1 (worst-off) of ICE_INC was associated with 25% higher odds of 

early preterm birth than tertile 3 (best-off) of ICE_INC (aOR = 1.25, 95% CI: 1.12, 1.46). 

Also, relative to mothers living in areas with residents who are mostly non-Hispanic White 

and have high household incomes, mothers living in areas with residents who are mostly 

Black and have low household incomes (ICE_INC + WB) were 22% more likely to have an 

indicated preterm birth (aOR = 1.22, 95% CI: 1.12, 1.34). The supplemental figure shows 

the association by subtype when controlling for individual factors only. Associations were 

significant and patterns changed when controlling for area-level factors (ESM Fig. 1).

Discussion

In our study, most ICE measures were associated with preterm birth overall as well 

as the indicated and early preterm birth subtypes, after adjustment of individual and 

area-level measures. The ICE measure that did not remain associated with preterm birth 

after adjustment compared census tracts with low household income and high Hispanic 

populations to census tracts with high household income and high non-Hispanic White 

populations. Although adjusted associations between overall preterm birth and the lowest 

ICE tertile (representing the worst-off census tracts) weakened after controlling for area-

level factors, particularly poverty rate, associations for two of three ICE variables (ICE_INC 

and ICE_INC + WB) remained statistically significant.

The poverty rate is an absolute measure that is based on how many persons in a defined 

geographic area are below the federal poverty threshold. ICE_INC, for example, is a 

relative measure that is based on the distribution between poor and wealthy individuals. The 

statistically significant association between ICE_INC + WB and preterm birth that remained 

after adjusting for poverty may indicate that there is a component of racialized-economic 

segregation (ICE) that had an impact on preterm birth, beyond the effect of poverty (e.g., 

lack of access to supermarkets, health services, sound housing stock, and highly ranked 

schools) [8]. In our population, after adjusting for poverty, there was no longer an adverse 

association between ICE_INC + WH and preterm birth. This suggests that, perhaps, the 

spurious association between ICE_INC + WH and preterm birth observed before adjustment 

acted through circumstances of poverty. Once we removed the effect of our poverty measure, 

preterm birth rates were similar between mothers residing in areas with mostly Hispanic 

residents and low household incomes to mothers residing in areas with mostly non-Hispanic 

White residents and high household incomes. This is consistent with the phenomenon 

where, relative to non-Hispanic US White mothers, Hispanic mothers are more likely to 

live in socioeconomically deprived areas but have similar rates of adverse birth outcomes 

[26]. The paradox is often attributed to social cohesion and cultural norms,[26, 27] which 

may have buffered away any remaining effect of racialized-economic segregation after 
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controlling for poverty in our study. Nonetheless, these are speculations, and future research 

to understand the differences between ICE_INC + WH and the other ICE measures is 

warranted.

The effect of poverty may act through different mechanisms. Parker and colleagues [28] 

found that, compared with 56% of families with term infants, 61% of families with preterm 

infants experienced at least one unmet need of health care hardship (e.g., forgoing needed 

medical care, dental care, or prescriptions due to inability to pay), energy insecurity (e.g., 

a threatened or actual shut-off of gas or electricity because of non-payment), housing 

instability (e.g., moving two or more times in the past year), or household food insecurity 

(e.g., could not afford to eat balanced meals). The authors suggest that early screening for 

unmet needs, particularly during the prenatal period, followed by referral to appropriate 

services could reduce the risk of preterm birth.

Additionally, other outcomes related to preterm birth have been shown to benefit from 

social service interventions. Specifically, infant mortality was positively affected by 

income support (earned income tax credit), and low birthweight by care coordination and 

community outreach (participation in the Healthy Start Program) and nutrition support 

(participation in the Special Supplemental Nutrition Program for Women, Infants, and 

Children) [29].

Our findings for overall preterm birth are comparable with those from previous studies. 

Two studies presented only crude estimates for ICE exposures experienced during adulthood 

[6, 10] and two controlled for individual-level factors alone [7, 8]. Relative risks reported 

in these four studies ranged from 1.14 to 1.29 for ICE: income and 1.17 to 1.36 for 

ICE: income + race. Krieger et al.[9] controlled for Home Owner’s Loan Corporation 

(HOLC) grade (redlining), a measure of structural racism, in addition to maternal factors. 

They reported residing in New York City census tracts with predominantly low-income 

Black households was associated with 25% increased odds of preterm birth compared with 

residing in areas with high-income White households (aOR = 1.25; 95% CI: 1.20, 1.30).

Huynh et al. [8] examined poverty as a separate variable and noted high neighborhood 

poverty was associated with increased odds of preterm birth (aOR = 1.09; 95% CI 1.04, 

1.14). They did not examine whether the association with poverty persisted after accounting 

for racialized-economic segregation as measured by ICE indictors. We found no studies 

on preterm birth that assessed ICE indicators according to the distribution of Hispanic 

populations. Comparable to our early preterm (< 34-week gestation) ICE analyses, Shrimali 

et al. [10] found the risk of birth < 32-week gestation or “very preterm birth” had larger 

estimates and less precision (unadjusted OR quintile 1 vs. 5 = 1.60; 95% CI 1.46, 1.75) than 

the “overall preterm” < 37-completed-week gestation outcome (unadjusted OR quintile 1 vs. 

5 = 1.30; 95% CI 1.26, 1.34). They did not present data on late preterm births.

The etiology of preterm birth is multifactorial [30] and can be differentiated to some 

extent by examining groups based on gestational age at birth or reasons for preterm 

deliveries that are indicated. Infants born before 34 weeks completed gestation have higher 

morbidity and mortality than infants born at later gestational ages, which is likely related 
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to inadequate fetal lung maturation often requiring intensive care [31]. In addition, preterm 

births delivered spontaneously following a premature rupture of membranes or preterm labor 

have a different etiology than preterm birth deliveries that are indicated due to maternal 

and fetal complications necessitating delivery (e.g. hyper-tensive disorders of pregnancy, 

gestational diabetes, and fetal distress) [14, 32]. Moreover, indicated preterm births have 

higher mortality than spontaneous preterm births [33]. Janevic et al. recently demonstrated 

that more than one-third of the association between racialized-economic segregation and the 

morbidity and mortality of very preterm neonates is explained by the location of delivery 

hospitals [34]. That women in low-income majority Black areas are more likely to give 

birth at local resource-limited hospitals with lower quality of care than at hospitals in 

more privileged areas. Therefore, understanding the different etiologies of preterm birth 

can support the prioritization of prevention strategies for those at highest risk [1, 35, 36], 

which in turn may help to mitigate the observed effect of racialized-economic segregation 

on preterm birth. The use of our findings to identify new interventions and policies that can 

weaken this association is an opportunity for future research.

A limitation of our study is the use of census tract variables to represent maternal residential 

conditions during pregnancy and shortly after birth. Despite the dual dimensionality of ICE 

as a measure, neighborhood conditions are multi-dimensional making it difficult to capture 

complex neighborhood conditions in one measure. Also, we did not adjust for residential 

mobility before or during pregnancy. Studies found that while 12–33% of participants 

moved during pregnancy [37, 38], many typically moved within the same municipality 

[38]. We are also limited to data collected through birth records and therefore are unable 

to account for factors such as individual maternal income, potentially yielding residual 

confounding. Regarding the algorithm used to classify spontaneously and indicated preterm 

birth, Klebanoff et al. [14] reported inter-rater disagreement between 5 and 15% and 

explained that the errors of commission and omission of diagnoses in the birth certificate 

that they found would yield erroneous results from the algorithm. This misclassification of 

outcome would be non-differential and bias our estimates toward the null. Lastly, we did not 

examine the association in other populations with higher rates of infant mortality and racial 

segregation (e.g., American Indian/Alaska Natives). This is an area of future research.

Our study has many strengths. Past analyses have been based on data from New York, 

California, and Massachusetts, but none from Florida, a Southeastern state. Thus, analyzing 

data from the Southern region of the USA, where preterm birth rates are relatively high 

[39], may help to identify nuances that allow public health and clinical interventions to 

strategically focus resources on groups most affected by racial and economic disparities. 

Also, we analyzed data from a large and diverse population that allowed for the calculation 

of robust estimates and an ICE measure specific to the ethnic and economic experience of 

Black and Hispanic populations in Florida. Our measures, however, did not capture specific 

populations within Black and Hispanic communities in Florida (e.g., Cubans, Haitians, and 

other residents with familial ties to the nearby Caribbean region) who may have diverse 

neighborhood social environments. This may be an area for future research as the 2020 

Census will soon produce data on more detailed racial and ethnic groups [40].
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Public Health Implications

Population-based studies that apply multilevel modeling techniques to clinical data could 

help elucidate the effect of social determinants of health (e.g., measures of socioeconomic 

deprivation and racial privilege) on preterm birth [36]. This understanding could help 

inform public health strategies and social policies to improve maternal and infant health, 

particularly in socially deprived communities at high risk for preterm birth [1, 35, 36].

Conclusions

In this study, compared with the best-off census tracts, the worst-off census tracts for 

our ICE_INC and INC_INC + WB measures were associated with increased odds of 

overall, early, and indicated preterm, after adjustment of individual and area-level factors, 

including poverty rate. While our study examined neighborhood measures jointly to capture 

multidimensional impact, specifically that of race/ethnicity and income, more research could 

be done to examine the mechanisms behind the effect of ICE on preterm birth and its 

subtypes.
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Fig. 1. 
Adjusted odds ratios and 95% confidence intervals for preterm birth subtypes and three 

index of concentration at the extremes measures, Florida 2019. Abbreviations: ICE, index 

of concentration at the extremes; ICE_INC, low vs. high US household income; ICE_INC 

+ WB = income and race/ethnicity for non-Hispanic White vs. Black; ICE_INC + WH, 

income and race/ethnicity for non-Hispanic White vs. Hispanic. All odds ratios adjusted for 

maternal age, maternal race/ethnicity, poverty, and latitude and longitude coordinates are 

plotted on a logarithmic scale

Abbreviations: ICE = index of concentration at the extremes; ICE_INC = low vs. high U.S. 

household income; ICE_INC+WB = income and race/ethnicity for non-Hispanic White vs. 

Black; ICE_INC+WH= income and race/ethnicity for non-Hispanic White vs. Hispanic.

All odds ratios adjusted for maternal age, maternal race/ethnicity, poverty, and latitude and 

longitude coordinates are plotted on a logarithmic scale.
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