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Abstract  1 

Background: Limited access to healthy foods, resulting from residence in neighborhoods with 2 

low food access or from household food insecurity, is a public health concern. Contributions of 3 

these measures during pregnancy to birth outcomes remain understudied. 4 

Objective: We examined associations of neighborhood food access and individual food 5 

insecurity during pregnancy with birth outcomes. 6 

Study design: We used data from 53 cohorts participating in the nationwide Environmental 7 

influences on Child Health Outcomes (ECHO)-Wide Cohort Study. Participant inclusion 8 

required a geocoded residential address or response to a food insecurity question during 9 

pregnancy and information on birth outcomes. Exposures include low-income-low-food-access 10 

(LILA, where nearest supermarket is >0.5 miles for urban or >10 miles for rural areas) or low-11 

income-low-vehicle-access (LILV, where few households have a vehicle and >0.5 miles from the 12 

nearest supermarket) neighborhoods and individual food insecurity. Mixed-effects models 13 

estimated associations with birth outcomes, adjusting for socioeconomic and pregnancy 14 

characteristics. 15 

Results: Among 22,206 pregnant participants (mean age 30.4 years) with neighborhood food 16 

access data, 24.1% resided in LILA neighborhoods and 13.6% in LILV neighborhoods. Of 1,630 17 

pregnant participants with individual-level food insecurity data (mean age 29.7 years), 8.0% 18 

experienced food insecurity. Residence in LILA (vs. non-LILA) neighborhoods was associated 19 

with lower birth weight (β -44.3 grams; 95% CI -62.9, -25.6), lower birth weight-for-gestational-20 

age z-score (-0.09 SD units; -0.12, -0.05), higher odds of small-for-gestational-age (OR 1.15; 21 

95% CI 1.00, 1.33), and lower odds of large-for-gestational-age (0.85; 95% CI 0.77, 0.94). 22 

Jo
urn

al 
Pre-

pro
of



7 
 

Similar findings were observed for residence in LILV neighborhoods. No associations of 23 

individual food insecurity with birth outcomes were observed. 24 

Conclusion: Residence in LILA or LILV neighborhoods during pregnancy is associated with 25 

adverse birth outcomes. These findings highlight the need for future studies examining whether 26 

investing in neighborhood resources to improve food access during pregnancy would promote 27 

equitable birth outcomes. 28 

Keywords: Neighborhood Food Access; Food Insecurity; Birth Weight; Gestational Age; Health 29 

Disparities; Epidemiology 30 
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Introduction 31 

Food insecurity, which is present when households have limited or uncertain access to 32 

adequate food because of limited money or other resources, is a persistent and intractable public 33 

health threat in the US (1). More than 10% of US families in 2021 (2) and 7% of pregnant 34 

females in 2020 (3) experienced food insecurity. While national food insecurity levels decreased 35 

from 20.6% in 2019 to 15.5% in 2021 among low-income adults, it rebounded to pre-pandemic 36 

levels (20.1%) in 2022 (4). This issue is highly concerning given the strong links between food 37 

insecurity and a range of chronic diseases (1). A 2021 meta-analysis of 35 published studies 38 

among non-pregnant adults found that food insecurity is significantly associated with greater 39 

prevalence of obesity, diabetes, coronary heart disease, and chronic kidney disease (5), likely 40 

through psychological distress and behavioral adaptations that result from food insecurity (e.g., 41 

eating a diet rich in energy dense but nutritionally poor foods) (6-8). Similarly, food insecurity 42 

around the time of pregnancy has been shown to predict adverse maternal health outcomes 43 

including poorer mental health, higher rates of obesity, excessive gestational weight gain, and 44 

gestational diabetes (9,10). Less is known about the associations of prenatal food insecurity with 45 

offspring outcomes, an important topic for study given that pregnancy is a developmentally 46 

sensitive period that lays the foundation for long-term health (11).  47 

Many prior studies of prenatal food insecurity and birth outcomes have been performed 48 

in international settings, especially Africa (9), which may not be generalizable to the US. In the  49 

Chemicals in Our Bodies-2 birth cohort in San Francisco, household food insecurity in the 2nd 50 

trimester of pregnancy was associated with lower birth weight-for-gestational-age (BW-for-GA) 51 

z-scores, although the study was small (n=510) and based in a single urban setting (12). In the 52 

Pregnancy Risk Assessment Monitoring System study (n=50,915 pregnancies from 15 US 53 
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states), mothers living in food-insecure households had higher odds of delivering a low birth 54 

weight infant (13). In a study of 1,124,299 mother-newborn pairs in Ohio, residence in a 55 

neighborhood with low food access at the time of birth was associated with higher risk of 56 

preterm birth, although the analysis was limited to females who were underweight or normal 57 

weight, which is not likely representative given that overweight and obesity are common among 58 

those living in neighborhoods with low food access (14). An analysis of births in North Carolina 59 

in 2019 reported that county-level rate of food insecurity was the strongest predictor of infant 60 

mortality (15). These studies, however, generally examined either household- or neighborhood-61 

level metrics of food insecurity (12-14) but not both, an important aspect to consider given the 62 

inextricable relationship between the two variables (16), or did not control for individual-level 63 

socioeconomic factors (15).  64 

To further advance knowledge on the relationship of prenatal food insecurity with birth 65 

outcomes, we analyzed data from racially, ethnically, and geographically diverse mother-child 66 

pairs enrolled in prospective birth cohorts participating in the nationwide Environmental 67 

influences on Child Health Outcomes (ECHO)-Wide Cohort Study (17). We aimed to determine 68 

the extent to which neighborhood-level food access and individual-level food insecurity during 69 

pregnancy contributed to adverse birth outcomes. We hypothesized that mothers residing in low-70 

income and low food access (LILA) neighborhoods and/or experiencing food insecurity during 71 

pregnancy would have higher rates of preterm, small- (SGA), and large-for-gestational-age 72 

(LGA) birth, independent of individual sociodemographic characteristics. 73 

Methods 74 

Study Population 75 
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In its first funding cycle (2016-2023), ECHO comprised a consortium of 69 extant 76 

cohorts of children across the US that had collected information on environmental exposures 77 

before age 5 years and assessed health outcomes across childhood (17-19). Most ECHO cohorts 78 

started enrollment and recruitment from prenatal obstetric clinics or at birth (20). Recruitment of 79 

new participants and follow-up of existing cohort participants throughout childhood is ongoing 80 

in Cycle 2 (2023-2030). Investigators of participating cohorts implemented the ECHO-wide 81 

cohort data collection protocol, which specifies the data elements for new or ongoing data 82 

collection as well as extant data to be uploaded onto an ECHO-wide cohort data platform.  83 

For this study, we used data from ECHO Cycle 1 that were harmonized and shared on the 84 

ECHO data platform. We selected ECHO cohorts with data collected between January 1, 1997, 85 

and March 1, 2023, including participants who had high-quality data on geocoded residential 86 

address (i.e., either a point or specific street address) during pregnancy or who responded to a 87 

food insecurity question, and had birth outcome data. Pregnant participants, or the child’s parents 88 

or guardians, provided written informed consent for participation in the cohort of origin, and 89 

institutional review boards (IRB) at each local study site or a central ECHO IRB approved the 90 

protocol. This study followed the Strengthening the Reporting of Observational Studies in 91 

Epidemiology (STROBE) reporting guideline for cohort studies. The analysis plan for this study 92 

has been documented in accordance with established protocols regarding use of ECHO data (19). 93 

Neighborhood-level food access exposure 94 

Using ArcGIS geospatial software (Esri, Redlands, CA), the ECHO Data Analysis Center 95 

geocoded each participant’s residential address obtained during pregnancy (year of residence 96 

1997–2022) and assigned a census tract location to each address using the 1990, 2000, 2010, or 97 

2020 US census tract boundaries. The Data Analysis Center linked the resultant census tract 98 
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location closest in time to the year of residence to census tract–level food access data from the 99 

US Food Access Research Atlas (FARA), which is the most comprehensive food environment 100 

classification in the US (21). Each census tract record in the dataset includes 16 variables that 101 

describe measures of food access in the form of urban/rural status, presence of group quarters, 102 

household income, distance to supermarket, and availability of household vehicle. In accordance 103 

with FARA definitions, we identified LILA neighborhoods (yes or no) as low-income census 104 

tracts (where the federal poverty is rate ≥20% or median family income ≤80% of the state-wide 105 

median family income) with low food access (where the nearest supermarket is >0.5 miles for 106 

urban areas or >10 miles for rural areas) (22). We also considered other definitions for LILA 107 

neighborhoods contained in FARA, including low-income census tracts where the nearest 108 

supermarket is: 1) >1 mile for urban areas or >10 miles for rural areas or 2) >1 mile for urban 109 

areas or >20 miles for rural areas (21). As vehicle access also is an important factor for 110 

determining food access, we additionally examined an indicator for low-income neighborhoods 111 

with low food and vehicle access (LILV, yes or no) contained in FARA, defined as low-income 112 

census tracts where more than 100 housing units do not have a vehicle and are >0.5 miles from 113 

the nearest supermarket. 114 

Individual-level food insecurity exposure  115 

We assessed individual-level food insecurity during pregnancy using the Crisis in Family 116 

Systems-Revised (CRISYS-R) questionnaire, a validated measure of contemporary life stress. 117 

This questionnaire was originally developed in a population of adult primary caregivers of 118 

children residing in low-income urban areas in the US (23), and has since been validated more 119 

broadly across US populations (24,25). The CRISYS-R includes 80 items from 12 domains 120 

encompassing financial, legal, relationship, medical issues pertaining to one’s self, medical 121 
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issues pertaining to others, community safety, safety in the home, housing, career, prejudice, 122 

authority, and acculturation (24). During late pregnancy (mean 30.5 gestational weeks), mothers 123 

responded to the following food insecurity question: “In the past year, did you go without food 124 

because you didn’t have the money to pay for it?”. We categorized respondents who answered 125 

“yes” to the question as food insecure, and those who responded “no” as food secure. 126 

Birth Outcomes 127 

We obtained information on the following birth outcomes from hospital medical records 128 

or self-report, according to the protocol for each cohort: gestational age (GA, in completed 129 

weeks), preterm birth (GA <37 weeks), and birth weight (BW, in grams). We do not anticipate 130 

any bias from using self-reported birth outcomes, as prior studies (26,27) have shown high 131 

agreement for birth outcomes obtained by self-report vs. medical records. We derived sex-132 

specific BW-for-GA z-scores, small-for-GA (SGA; BW-for-GA ≤10th percentile), and large-for-133 

GA (LGA; BW-for-GA ≥90th percentile) using the 2017 US birth weight reference (28). We 134 

chose this reference as it reflects nationally representative data on birth weight and obstetric 135 

estimates of GA in the US. 136 

Covariates 137 

We obtained information on characteristics of mothers and children from maternal or 138 

caregiver reports (maternal age, education level during pregnancy, number of individuals in a 139 

household, insurance status, prenatal cigarette smoking or secondhand smoke exposure, race and 140 

ethnicity) or medical records (pre-pregnancy body mass index (BMI), parity, and child sex) and 141 

categorized them as follows: maternal age (in years) and education level during pregnancy (less 142 

than high school, high school diploma or equivalent, some college but no degree, or college 143 

degree and above), number of individuals in a household (1-2, 3-4, or 5+), insurance status 144 
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(Medicaid, private, any other insurance, or no insurance), pre-pregnancy BMI (in kg/m2), 145 

prenatal cigarette smoking or secondhand smoke exposure (yes or no), parity (0, 1-2, or 3+), and 146 

child’s sex (male or female), race (American Indian or Alaskan Native, Asian, Black, Native 147 

Hawaiian or Pacific Islander, White, multiple races, or other race), Hispanic ethnicity, and year 148 

of residential address during pregnancy (1997–2007, 2008–2010, 2011–2019, or 2020–2022). 149 

Due to the small sample size, we combined children whose races were reported as American 150 

Indian or Alaskan Native, Native Hawaiian or Pacific Islander, multiple races, or other racial 151 

groups into a separate category of “Other.” We used data on urban/rural status of a census tract 152 

contained in FARA, whereby a census tract is considered urban if the tract is in an area with 153 

>2,500 people and rural if the tract is in an area with ≤2,500 people.(29) We selected these 154 

covariates based on previous publications examining associations between food insecurity and 155 

health outcomes.(1,12-14) 156 

Statistical Analysis 157 

In our main analyses, we used multilevel linear and logistic regression models to examine 158 

associations of neighborhood-level food access and individual-level food insecurity with 159 

continuous (GA, BW, BW-for-GA z-scores) and dichotomous birth outcomes (preterm birth, 160 

SGA, LGA), adjusting for the covariates described above except for race and ethnicity. We did 161 

so as we view race and ethnicity as societal constructs, rather than deterministic biological 162 

causes of disease risk (30). Prior work (31) has suggested that membership in a particular racial 163 

group is a measure of structural racism and the resources (or lack thereof) attributed to this 164 

assigned membership may have downstream impact on access to residential location, food, and 165 

healthcare resources likely associated with health outcomes. Hence, including race and ethnicity 166 
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as covariates may result in an over-adjustment of the associations of food access or food 167 

insecurity with birth outcomes.  168 

We fit separate models for neighborhood-level food access and individual-level food 169 

insecurity with each birth outcome. In all models, we included random effects for cohort to 170 

account for clustering of children from the same cohort. In models for neighborhood-level food 171 

access, we additionally included random effects for census tract to account for clustering of 172 

children residing within the same neighborhood. 173 

We conducted several secondary analyses. We conducted a series of “leave-one-out” 174 

analyses, which repeated the main analysis excluding one cohort at a time to ensure that no 175 

single cohort substantially swayed the findings. In a separate model, we additionally adjusted for 176 

race and ethnicity to examine whether its inclusion would meaningfully change effect estimates. 177 

We restricted our analyses for neighborhood-level food access to residential addresses obtained 178 

during or after 2014 to address potential misclassification, as we used FARA measures for the 179 

years 2015 and 2019. We explored effect modification by child’s sex, race, birth year, and 180 

urban/rural status by adding multiplicative interaction terms with neighborhood-level food 181 

access. We also explored the extent to which the associations for individual-level food insecurity 182 

may be modified by neighborhood-level food access, by including interaction terms between 183 

both variables among those with information on both. 184 

We used multiple imputation by chained equations to impute missing covariate data (see 185 

Table 1). We generated 50 imputed data sets for all participants in the analytic sample. The 186 

imputation model included the exposure, outcome, and covariates under study. We combined the 187 

imputed data sets using the pool function in R software, version 4.2.2. When interpreting 188 
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findings, we focused primarily on the direction, strength, and precision of the estimates and used 189 

2-sided α = 0.05 to assess statistical significance. 190 

Results 191 

 Of 69 ECHO cohorts, we included 53 with 22,206 participants (mean age 30.4 years, SD 192 

5.7) that had neighborhood-level food access data and information on birth outcomes 193 

(Supplementary Figures 1 and 2). Among pregnant individuals with neighborhood-level food 194 

access data, 3.1% identified as Asian, 13.7% Black, 11.1% Other race, 12.4% unknown race, 195 

59.5% White, 19.3% Hispanic, and 7.2% unknown ethnicity; and 52.6% had at least a college 196 

degree (Supplementary Table 1). Additionally, 24.1% resided in LILA neighborhoods and 197 

13.6% resided in LILV neighborhoods; the mean (SD) GA at birth was 38.3 (3.0) weeks and 198 

BW-for-GA z-score was 0.04 (1.08) SD units.  The prevalence of preterm birth was 11.3%, SGA 199 

6.1%, and LGA 16.7%. (Supplementary Table 2). Our sample also included 6 cohorts with 200 

1,630 participants (mean age 29.7 years, SD 5.8) that had individual food insecurity data 201 

(Supplementary Figures 1 and 2), of which 8.0% reported experiencing food insecurity and 202 

98.5% (n=1,606) also had neighborhood-level food access data. Participants residing in LILA 203 

neighborhoods or experiencing food insecurity were more likely to identify as Black and were 204 

less likely have a college degree or have private insurance (Table 1).  205 

 In models adjusted for year of residential address only (Figure 1, Model 1), residence in 206 

LILA (vs. non-LILA) neighborhoods during pregnancy was associated with lower GA, BW, and 207 

BW-for-GA z-score. After additionally adjusting for socioeconomic and pregnancy 208 

characteristics (Figure 1, Model 2), these associations were attenuated but remained statistically 209 

significant for BW (β -44.3 grams; 95% CI -62.9, -25.6) and BW-for-GA z-score (β -0.09 SD 210 

units; 95% CI -0.12, -0.05) but not for GA. Residence in LILA (vs. non-LILA) neighborhoods 211 
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during pregnancy also was significantly associated with higher odds of SGA (OR 1.15; 95% CI 212 

1.00, 1.33) and lower odds of LGA (OR 0.85; 95% CI 0.77, 0.94) (Figure 2). These associations 213 

remained largely similar for alternative definitions of LILA neighborhoods, albeit with wider 214 

95% CI that crossed the null for SGA and LGA outcomes (Figures 1 and 2). Residence in LILV 215 

(vs. non-LILV) neighborhoods also was significantly associated with lower BW (β -45.6 grams; 216 

95% CI -69.3, -24.4), lower BW-for-GA z-score (β -0.12 SD units; 95% CI -0.16, -0.07), higher 217 

odds of SGA (OR 1.26; 95% CI 1.07, 1.48), and lower odds of LGA (OR 0.80; 95% CI 0.71, 218 

0.92) in adjusted models (Supplementary Table 3). 219 

In models adjusted for year of residential address only (Figure 3, Model 1), point 220 

estimates showed that individual-level food insecurity during pregnancy was associated with 221 

lower BW (β -63.8 grams; 95% CI -166.3, 38.8) and GA (β -0.30 weeks; 95% CI -0.66, 0.05), 222 

lower odds of LGA (OR 0.65; 95% CI 0.36, 1.15), and higher odds of preterm birth (OR 1.39; 223 

95% CI 0.80, 2.41). However, owing to the smaller sample size, these associations were 224 

imprecise with wide 95% CI that crossed the null. These associations did not change 225 

substantively after adjusting for socioeconomic characteristics (Figure 3, Model 2 and 226 

Supplementary Table 3). 227 

 In the “leave-one-out” analyses, the association of residence in LILV neighborhoods with 228 

lower BW-for-GA and lower odds of LGA did not substantially differ from our main analyses 229 

(Supplementary Figures 3 and 4). However, the associations of residence in LILA or LILV 230 

neighborhoods with adverse birth outcomes (i.e., lower BW-for-GA and higher odds of SGA) 231 

were substantially attenuated to non-significance after additionally adjusting for race and 232 

ethnicity (Figures 1 and 2, Model 3), except for the association of residence in LILV 233 

neighborhoods with lower BW-for-GA z-score (β -0.04 SD units; 95% CI -0.09, 0.00). The 234 
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association of individual-level food insecurity during pregnancy with birth outcomes did not 235 

change after additional adjustment for race and ethnicity (Figure 3, Model 3). When restricting 236 

analyses to residential addresses obtained during or after 2014, the associations of residence in 237 

LILA or LILV neighborhoods with adverse birth outcomes were similar with our main analyses, 238 

albeit with wider 95% CI, which might be attributed to the smaller sample size (Supplementary 239 

Table 4). No clear evidence of effect modification by child sex, race, urban/rural status, and year 240 

of residential address was present (Supplementary Figures 5 to 8). We did observe that 241 

residence in LILV neighborhoods during pregnancy was significantly associated with lower odds 242 

of LGA (OR 0.75; 95% CI 0.59, 0.96) among Black mothers only. The association of individual-243 

level food insecurity during pregnancy with birth outcomes also did not appear to be modified by 244 

neighborhood-level food access (Supplementary Figure 9). 245 

Discussion 246 

In this nationwide study, we observed that residence in LILA or LILV neighborhoods 247 

during pregnancy was associated with adverse birth outcomes of lower BW and BW-for-GA z-248 

score, and higher odds of SGA. These associations were independent of socioeconomic and 249 

pregnancy characteristics previously associated with adverse birth outcomes. Additional 250 

adjustment for race and ethnicity meaningfully attenuated these associations to non-significance. 251 

To the extent that the self-reported social constructs of race and ethnicity reflect proxy measures 252 

of structural racism (30-33), this finding suggests that structural racism is related to the 253 

inequitable distribution of individuals in LILA or LILV neighborhoods, due to the influence of 254 

historic and contemporary policies and practices such as race-based residential segregation (34). 255 

Moreover, structural racism may be related to differential exposure to factors that would 256 

negatively affect birth outcomes, such as access to health care services and resources (35), 257 
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environmental chemicals (36), violence and crime (37), or other features. In fact, prior studies 258 

(38,39) have demonstrated how inclusion of race and ethnicity as a covariate eliminated the 259 

predictive value of objectively assessed neighborhood quality and violent crime on child mental 260 

health outcomes, potentially misleading researchers to believe the neighborhood does not matter 261 

for health outcomes. Altogether, these findings exemplify how adjustment for race and ethnicity 262 

may be inappropriate (40,41) and could impede efforts that seek to better understand differences 263 

in birth outcomes according to neighborhood food access during pregnancy.  264 

Our results for neighborhood food access during pregnancy and birth outcomes generally 265 

align with prior studies from both developed and developing countries, although specific 266 

neighborhood food access metrics have varied. In the US, two studies in South Carolina (42) and 267 

New York (43) showed that residence in neighborhoods with greater access to unhealthy foods 268 

was associated with lower BW and GA and higher risk of SGA. Lane et al. reported that in New 269 

York, females who resided in neighborhoods without a supermarket within 1.5-miles were three 270 

times more likely to have low BW newborns (44). In Canada, Savard et al. reported that the odds 271 

of SGA birth were higher in neighborhoods with a high proportion of residents who were 272 

experiencing food insecurity (45). In Brazil, females living in municipalities with limited access 273 

to healthy foods had higher risk of having SGA or low BW newborns (46). These studies and 274 

others, however, were largely cross-sectional in study design (42,43,45,46), limited by smaller 275 

sample sizes (12,44), or lacked geographical diversity (12,14,15,42-44) as they were conducted 276 

only within a single US state. Our study directly addressed these key research gaps by 277 

assembling a large and geographically diverse cohort of participants that is more generalizable to 278 

the US population (see Supplementary Figure 1). Taken together, our findings contribute 279 
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substantially to the small but growing body of evidence linking neighborhood food environment 280 

in early life with birth outcomes. 281 

We did not observe significant associations of individual-level food insecurity with birth 282 

outcomes, although effect estimates were in the hypothesized directions for GA and BW. This 283 

observation could likely be because the sample size for the analysis of individual-level food 284 

insecurity was smaller and thus, statistical power and precision may have been limited. 285 

Moreover, the lack of association between individual-level food insecurity and birth outcomes 286 

might stem from the fact that we ascertained food insecurity from only a single question in the 287 

CRISYS-R questionnaire. This question likely excludes individuals with less severe forms of 288 

food insecurity and may be less sensitive than the 18-item US Household Food Security Survey 289 

(47), which assesses food insecurity more comprehensively. 290 

Several potential mechanisms could explain our observations. First, the neighborhood 291 

food environment (i.e., availability and/or accessibility of healthy and unhealthy foods) plays an 292 

important role in influencing the diet quality of pregnant females (48) which may subsequently 293 

affect birth outcomes. Notably, a previous study in ECHO reported higher risk of inadequate 294 

micronutrient intake during pregnancy among participants of non-White race or Hispanic 295 

ethnicity or those with less than a high school education (49), a demographic previously shown 296 

to more likely reside in neighborhoods with unhealthy food environments (43). Substantive 297 

evidence has shown that fetal growth is vulnerable to dietary deficiencies of nutrients during 298 

pregnancy (50). Second, neighborhoods with low access to supermarkets, supercenters, or large 299 

grocery stores might, in turn, have greater access to smaller convenience stores (51), which 300 

implies greater access to and consumption of other harmful substances that are known to 301 

negatively affect fetal growth, including highly processed foods that contain endocrine disrupting 302 
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chemicals, alcohol, and tobacco (52-54). Finally, low-income neighborhoods with low food 303 

access could simply reflect disadvantaged neighborhood environments with higher rates of other 304 

social (e.g., poverty and violent crime) and environmental (e.g., toxic chemicals, traffic-related 305 

air pollutants) stressors that can affect pregnancy health and wellbeing. Hence, beyond affecting 306 

diet quality of pregnant females, it is possible that residence in LILA or LILV neighborhoods 307 

may negatively affect birth outcomes through increased psychological stress (55), increased 308 

exposure to environmental pollutants (56), or other factors. While this is beyond the scope of the 309 

current study, future studies in ECHO or other settings could be done to explore these potential 310 

mechanisms. 311 

Strengths of our study include the large sample size and wide range of covariates. We 312 

used neighborhood food access indices that have been validated for a wide range of health 313 

outcomes (22,57,58). We were also able to control for individual-level factors (e.g., mother’s 314 

education level and insurance status) that may likely influence residential selection. This study, 315 

however, has several limitations. First, we used residential census tracts as a marker of exposure, 316 

which may not capture the relevant areas where pregnant females spend most of their time. 317 

Second, certain covariates (e.g., education level during pregnancy) had a substantial percentage 318 

of missing data, which may have impacted our findings. However, we used flexible multiple 319 

imputation techniques that reduce bias and likelihood of spurious results. Third, despite our 320 

efforts to adjust for multiple covariates, we cannot exclude the possibility that residual 321 

confounding by unmeasured risk factors of birth outcomes could explain our observations. 322 

Fourth, we used FARA information for 2015 and 2019 which may be misclassified for 323 

residential addresses during the 1990s or 2000s. However, results for LILA or LILV restricted to 324 

residential addresses obtained during or after the year 2014 were similar to our main findings. 325 

Jo
urn

al 
Pre-

pro
of



21 
 

Fifth, our findings may not be generalizable to other ethnic groups and populations from 326 

different countries, since all participants in this study were from the US. Finally, this study did 327 

not consider how residential mobility during pregnancy may influence changes in neighborhood 328 

food access over time and whether such changes may alter birth outcomes. Although this 329 

question is beyond the scope of the current study, follow-up studies in ECHO investigating these 330 

associations will be considered to evaluate its impact on birth outcomes. 331 

Conclusion 332 

The results of this cohort study of over 20,000 pregnancies enrolled in more than 50 333 

cohorts across the US suggest that residence in low-income neighborhoods with low food access 334 

or low vehicle access during pregnancy is associated with adverse birth outcomes. These 335 

findings suggest that developing strategies to improve healthful food access during pregnancy, a 336 

sensitive period for maternal and fetal health, may promote equitable birth outcomes in the US. 337 

A variety of strategies might be needed, such as improving neighborhood food access, policies 338 

directed at those living in low access neighborhoods to improve food affordability, or efforts to 339 

directly provide healthful food during pregnancy. Given the long-term effects of adverse birth 340 

outcomes on later cardiovascular disease risk in adolescence (59) and adulthood (60,61), 341 

additional research is warranted to evaluate interventions and policies that would be most 342 

effective in improving birth outcomes and promoting child health.  343 
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Table 1: Participant characteristics according to neighborhood food access (non-LILA vs. LILA) 

and individual food insecurity status (no vs. yes). 

  
Neighborhood-level food access 

(N=22,206) 

Individual-level food 

insecurity (N=1,630) 

 
Non-LILAa 

(N=19,196) 

LILAa 

(N=3,010) 

Noa  

(N=1,501) 

Yesa  

(N=129) 

Child sex     

 Female 48.4% 48.3% 48.4 % 51.6% 

 Male 51.6% 52.7% 51.6% 48.4% 

Ethnicity     

 Hispanic 19.6% 17.2% 35.2% 45.0% 

 Non-Hispanic 72.8% 78.1% 54.3% 33.3% 

 Unknown 7.6% 4.7% 10.5% 21.7% 

Race     

 Asian 3.4% 1.4% 2.1% 1.6% 

 Black 9.6% 40.2% 22.6% 25.6% 

 

Other (American Indian or 

Alaskan Native, Native 

Hawaiian or Pacific Islander, 

multiple races, or other race) 

10.8% 13.1% 11.6% 9.3% 

 Unknown 13.2% 7.5% 26.7% 38.8% 

 White 62.9% 37.8% 37.0% 24.8% 

Education level during 

pregnancy 
    

 Less than high school 7.5% 14.3% 17.1% 35.7% 

 
High school degree or 

equivalent 
14.8% 31.5% 21.2% 25.8% 

 Some college, no degree 21.6% 26.7% 27.1% 26.6% 

 College degree and above 56.1% 27.5% 34.6% 11.9% 

Prenatal smoking or 

secondhand smoke exposure 
    

 No 74.9% 58.7% 74.1% 70.4% 

 Yes 25.1% 41.3% 25.9% 29.6% 

Insurance status during 

pregnancy 
    

 Medicaid 10.5% 21.9% 31.1% 44.8% 

 Private 87.5% 76.2% 63.6% 50.7% 

 Any other insurance 1.3% 0.6% 3.9% 3.4% 

 No insurance 0.6% 1.3% 1.3% 1.1% 

Year of residential address     

 1997-2007 12.2% 20.2% 26.1% 27.1% 

 2008-2010 11.4% 15.2% 1.0% 1.6% 

 2011-2019 64.7% 57.7% 62.8% 53.5% 

 2020-2022 11.7% 6.8% 10.2% 17.8% 

Urban/rural status     

 Rural 21.0% 6.1% 8.1% 5.7% 

 Urban 79.0% 93.9% 91.9% 94.3% 

Parity     

 0 76.4% 64.6% 68.8% 68.6% 

 1-2 19.5% 27.1% 24.4% 23.6% 
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Abbreviations: BMI – body mass index; LILA – low income, low food access. 
a % calculated using imputed data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3+ 4.2% 8.2% 6.8% 7.8% 

No. of individuals in 

household 
    

 1-2 65.5% 61.0% 54.3% 50.1% 

 3-4 27.0% 24.3% 31.8% 35.2% 

 5+ 7.5% 14.7% 13.8% 14.7% 

Maternal age (years) 30.8 (5.6) 27.6 (5.7) 29.8 (5.8) 28.3 (5.6) 

Pre-pregnancy BMI (kg/m2) 26.8 (6.8) 29.1 (8.4) 28.1 (7.4) 28.8 (8.1) 
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Figure Legends 

Figure 1: Associations of neighborhood-level food access with birth weight, birth weight-for-

gestational-age, and gestational age. LILA = low-income, low food access. LILV = low-income, 

low food and vehicle access. Model 1: adjusted for year of residential address during pregnancy. 

Model 2: Model 1 + age, educational level during pregnancy, number of individuals in a 

household, insurance status, pre-pregnancy body mass index, prenatal cigarette smoking or 

secondhand smoke exposure, parity, and child sex. Model 3: Model 2 + race and ethnicity. 

Figure 2: Association of neighborhood-level food access with small-for-gestational-age, large-

for-gestational-age, and preterm birth. LILA = low-income, low food access. LILV = low-

income, low food and vehicle access. Model 1: adjusted for year of residential address during 

pregnancy. Model 2: Model 1 + age, educational level during pregnancy, number of individuals 

in a household, insurance status, pre-pregnancy body mass index, prenatal cigarette smoking or 

secondhand smoke exposure, parity, and child sex. Model 3: Model 2 + race and ethnicity. 

Figure 3: Association of individual-level food insecurity with birth outcomes. Model 1: adjusted 

for year of residential address during pregnancy. Model 2: Model 1 + age, educational level 

during pregnancy, number of individuals in a household, insurance status, pre-pregnancy body 

mass index, prenatal cigarette smoking or secondhand smoke exposure, parity, and child sex. 

Model 3: Model 2 + race and ethnicity. 
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