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Abstract

Objective: This study evaluates associations between neighborhood-level characteristics and 

gestational weight gain (GWG) in a population-level study of 2015 New York City births.

Methods: Generalized linear mixed effects models were used to estimate odds ratios for 

associations between neighborhood-level characteristics (poverty, food environment, walkability) 

within 1-km of residential Census block centroid and excessive or inadequate GWG as compared 

to recommended GWG. All models were adjusted for individual-level sociodemographic 

characteristics.

Results: Among the sample of 106,285 births, 41.8% had excessive GWG and 26.3% had 

inadequate GWG. Residence the highest versus lowest quartile of neighborhood poverty was 

associated with greater odds of excessive GWG (OR 1.17, 95% CI 1.08, 1.26). Residence 

in neighborhoods in the quartile of highest walkability compared with the quartile of lowest 

walkability was associated with lower odds of excessive GWG (OR 0.87, 95% CI 0.81, 0.93). 

Adjustment for prepregnancy BMI attenuated the associations for neighborhood poverty, but not 

for walkability. Neighborhood variables were not associated with inadequate GWG.

Conclusions: These analyses indicate that greater neighborhood walkability is associated 

with lower odds of excessive GWG, potentially from differences in pedestrian activity during 

pregnancy. This research provides further evidence for using urban design to support healthy 

weight status during pregnancy.
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1. Introduction

Excessive or inadequate weight gain during pregnancy poses numerous health risks for both 

pregnant individuals and children.1–6 Inadequate GWG increases the risk of infant mortality, 

preterm birth and small-for-gestational-age (SGA).1,2 Excessive GWG is associated with 

higher risk of pregnancy complications, including pregnancy-related hypertension and 

greater long-term postpartum weight retention.2–4 Excessive GWG is also associated with 

increased odds of child asthma, obesity, and greater percent body fat and abdominal 

adiposity.5,6

In 2009, the Institute of Medicine (IOM) issued revised recommendations for gestational 

weight gain (GWG) based on prepregnancy body-mass index (BMI) categories.7 However, 

despite the new guidelines, most pregnant individuals in the U.S. still do not gain the 

recommended amount of weight during pregnancy. Estimates from 2011 show that almost 

50% of pregnant individuals gain excess weight during pregnancy, while 21% do not gain 

enough.8 Prepregnancy BMI is strongly associated with GWG outside the recommendations, 

particularly for those with higher BMI values, as the recommended weight gain ranges are 

lower.8

Given the health implications of GWG outside of recommended ranges and the large 

body of evidence relating neighborhood characteristics to diet, physical activity and 

weight, more research on environmental factors that support healthy GWG is critical. 

Of the relatively few studies relating neighborhood factors to GWG, several have shown 

neighborhood socioeconomic disadvantage to be associated with both inadequate and 

excessive GWG, while others have found no association.9–12 Even rarer are studies 

examining the relationship across multiple neighborhood domains and GWG.

While research on environmental factors and GWG is limited, such studies can draw on a 

much larger literature relating neighborhood features to health in the general population. 

Numerous studies, evaluating both neighborhood walkability features (e.g. population 

density, land use mix, density of public transit infrastructure, pedestrian-friendly design, 

proportion of residents who walk to work) and multi-dimensional walkability indices have 

found an association between higher walkability and lower BMI or risk of overweight/

obesity.13–20 While evidence also supports a relationship between healthfulness of the 

neighborhood food environment and BMI or risk of overweight/obesity, the findings in 

this area are not as strong and the direction of association is less consistent. Living closer 

to food retail has been associated in some studies with decreased BMI.21–23 Higher density 

of healthy food retail has also been associated with lower BMI, even after controlling 

for neighborhood walkability, population density and land-use mix.17,24 However, while 

some studies have found unhealthy food retail density to be associated with higher BMI, 

particularly for those without car access, others have found no effect.17,24,25
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Using a large population of more than 110,000 New York City (NYC) birth records from 

2015, we investigated associations between neighborhood-level features previously shown 

to predict BMI in the general population – poverty rate, healthy and unhealthy retail food 

environments, and neighborhood walkability – and inadequate and excessive GWG. We 

hypothesized that lower poverty rates, healthier food environments and more walkable 

neighborhoods would all be associated with lower odds of unhealthy GWG.

2. METHODS

2.1. Data

This study used NYC Department of Health and Mental Hygiene (DOHMH) Bureau of Vital 

Statistics birth record data for the year 2015 to examine neighborhood-level risk factors for 

GWG. Using medical record data, the DOHMH compiles data on all live births in NYC, 

including basic health and demographic information for the pregnant individual and birth 

outcome statistics (e.g. birthweight, gestational age).

2.2. Cohort Selection

The analyses included data from 110,744 births reported in the 2015 NYC Vital Statistics 

records. We excluded all observations missing the pregnant individual’s height or weight 

data, either prepregnancy or at time of birth (less than 0.6%, n=694). We also excluded 

observations with multiple births (n=3,746) and with an implausible prepregnancy BMI 

(n=6), which was defined as BMI <12 or >70. Lastly, we excluded observations missing 

neighborhood data (n=13). Table 1 provides sample characteristics for the final analytic 

sample of 106,285 births.

2.3. Measures

2.3.1. Outcome Variable—Gestational weight gain (GWG) in kilograms was calculated 

by the authors by subtracting the pregnant individuals’ prepregnancy weight from weight 

at time of delivery. Inadequate, recommended and excessive GWG categories were then 

determined using the IOM recommendations for total weight gain, which are prepregnancy 

BMI-category specific and used in clinical guidance.7,26

2.3.2. Individual Covariates—Prepregnancy BMI was calculated using the pregnant 

individual’s weight (kg) and height (m2). The pregnant individual’s prepregnancy BMI 

was further categorized into the World Health Organization’s BMI categories defined as 

underweight (< 18.5), normal weight (18.5–24.9), overweight (25–29.9), obese Class I (30–

34.9), obese Class II (35–39.9) and obese Class III (≥ 40). Gestational age of the baby (in 

weeks) was defined as a continuous variable.

Individual demographic variables were self-reported. The pregnant individual’s age was 

included as a continuous variable. Education was a categorical variable ranging from 

less than high school up to doctorate or professional degree. Nativity was included as a 

dichotomous variable for U.S. born (including U.S. territories) or foreign born. Parity was 

defined as an ordinal variable using previous livebirths. We included pregnant individual’s 

race/ethnicity as a confounder, not because there is a biological basis for difference in GWG 
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by race/ethnicity, but because race/ethnicity may serve as a proxy for social factors (e.g., 

dietary practices, pregnancy behavior norms, or structural racism) that influence GWG and 

are not captured by other individual-level or neighborhood characteristics.27

2.3.3. Neighborhood Exposure Variables—The pregnant individual’s residential 

address was geocoded to the Census block of residence. A 1 kilometer (km) radial buffer 

was created around the geographic centroid of each 2010 Census block, areas of water 

removed, and the radial buffers’ land areas were characterized for socio-demographic 

composition and built environment features. One km buffers are commonly used in the 

literature to define residential neighborhood areas and urban planners consider this a 

walkable area around a residence.28 Furthermore, the neighborhood walkability indexes 

were developed and validated using a 1 km buffer neighborhood definition in NYC.29,30

Retail food establishments and walkable destinations were identified using the National 

Establishment Time Series (NETS) dataset from 2014.31,32 The NETS provides a census 

of businesses, commercial entities, institutions, and not-for-profits in the U.S. with 

business names, addresses and Standardized Industry Classification (SIC) codes for each 

establishment. We a priori grouped food outlets into categories hypothesized to provide 

foods healthy or unhealthy for BMI and calculated the density of healthy and unhealthy 

food establishments for each radial buffer.17 The healthy retail food category included 

supermarkets, fruit and vegetable markets and natural food stores. The BMI-unhealthy 

category included fast-food outlets, convenience stores, meat markets, pizzerias, bakeries 

and candy and nut stores.

Walkable destinations were defined as businesses, institutions and municipal resources that 

serve as destinations for pedestrian trips or that contribute to a pleasant, lively, or interesting 

pedestrian experience.29 Walkable destinations were identified using SIC codes listed in the 

NETS data and the included SIC codes were a slight modification of establishments defined 

previously.29,32

The neighborhood walkability index (NWI) includes five components, each receiving equal 

weight: (1) residential density; (2) street intersection density; (3) land use mix for five 

types of land use—residential, office, retail, education, and entertainment; (4) subway stop 

density; and (5) the ratio of retail building floor area to retail land area.30,33,34 Residential 

density data were derived from the 2012–2016 American Community Survey; land use 

data were derived from the 2015 Primary Land Use Tax Lot Output data produced by the 

NYC Department of City Planning (DCP); street intersection density data were derived 

from 2015 LION street base map data, also produced by the NYC DCP; and subway stop 

density data were derived from the NYC Metropolitan Transit Authority in 2015. Each scale 

component was calculated for the land area of each 1-km radial buffer around a Census 

block centroid and Z-score transformed; the Z-score transformed components were summed 

for each buffer. Prior work has shown that variation in the NWI across New York City 

predicts resident’s BMI, total physical activity and engagement in active transport.30,34,35

The proportion of people living below the Federal poverty line (poverty rate) was estimated 

for each radial buffer using U.S. Census 2012–2016 American Community Survey data. 
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Tract level poverty rate data were apportioned to the radial buffers using standard areal 

weighting interpolation methods.36

To preserve the confidentiality of the birth records, the linkage between Census block 

of residence and neighborhood variables was completed at the NYC DOHMH and 

the combined individual- and neighborhood-level data were analyzed with neighborhood-

level variables categorized into quartiles. Quartile cut-points were established using the 

distribution of the neighborhood-level variables across all Census blocks in NYC.

2.4. Statistical Analysis

Statistical analyses were performed using Stata 15.1.37 Generalized linear mixed effects 

models with a binomial distribution were used to analyze the association between 

neighborhood-level variables and excessive GWG compared to recommended weight gain, 

adjusting for individual-level covariates.38,39 Likewise, generalized linear mixed effects 

models were used to analyze associations between neighborhood-level variables and 

inadequate GWG compared to recommended weight gain. The models included a random 

intercept for NYC community district, which represents the most local unit of government in 

NYC and typically reflects well-known neighborhood areas.17 All models were adjusted 

for individual characteristics: age, race/ethnicity, education, nativity, parity, receipt of 

Special Supplemental Nutrition Program for Women, Infants and Children (WIC) benefits, 

and baby’s gestational age at birth. Due to high collinearity between neighborhood food 

environment and walkability variables (see Table S1), three separate models were fit. Model 

1 assessed neighborhood healthy and unhealthy food density and neighborhood poverty as 

predictors of GWG, Model 2 assessed NWI scores and neighborhood poverty, and Model 3 

assessed density of neighborhood walkable destinations and neighborhood poverty. All three 

models were fit adjusting for the individual-level variables described above.

Research in NYC has found that these neighborhood-level characteristics predict BMI 

among adults, and prepregnancy BMI is also predictive of under and over GWG.8,17,18 Thus, 

neighborhood-level factors may be associated with GWG via links to prepregnancy BMI. 

However, neighborhood-level factors may also influence energy balance related behaviors 

during pregnancy. Thus to provide guidance on which of these pathways may be operating, 

all three models were also fit further adjusting for prepregnancy BMI categories. A reduction 

in an association between a neighborhood-level factor and under or over GWG upon further 

adjustment for prepregnancy BMI, is interpreted to indicate that the neighborhood-level 

effect on GWG is due to associations between the neighborhood feature and prepregnancy 

BMI. However, if further adjustment for prepregnancy BMI does not alter the association 

between a neighborhood-level factor and GWG, the interpretation is that the neighborhood-

level feature is associated with energy balance related behaviors during pregnancy, which in 

turn influence GWG.

Additionally, we ran sensitivity analyses deliveries prior to 37 weeks gestational age were 

excluded from the data (see Table S2). Lastly, as a further sensitivity analysis, we used 

hierarchical linear models (HLM) to assess whether neighborhood characteristics predicted 

GWG standardized for gestational age (GWG z-score) as the primary outcome (see Table 

S3).
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2.7. Ethics Approval

This study was approved by the Columbia University Irving Medical Center Institutional 

Review Board.

3. RESULTS

Table 1 provides sample characteristics for the final analytic sample of 106,285 births. 

(See Table S4 for GWG by prepregnancy BMI class and IOM categories.) As Table 

1 also shows, that while neighborhood quartiles were defined based on distribution of 

neighborhood variables across all NYC Census blocks, the pregnancies in the dataset were 

not evenly distributed across quartiles, but the pregnant individuals tended to live in higher 

poverty rate, food dense, and walkable areas of the city. As expected, prepregnancy weight 

classes were associated with inadequate and excessive GWG; compared to those in the 

normal weight class, individuals experiencing obesity and overweight were more likely to 

experience excessive GWG.

Table 2 shows adjusted odds of inadequate or excessive GWG (compared to reference group 

of recommended GWG) for each quartile of neighborhood food environment and poverty 

rate. In Model 1, where both healthy and unhealthy food retail were key exposure variables, 

higher neighborhood poverty was associated with increased odds of excessive GWG (Q4 OR 

1.17; 95% CI 1.08, 1.26). Neighborhood density of healthy food retail was not associated 

with GWG (either inadequate or excessive), however greater density of unhealthy food retail 

was associated with lower odds of excessive GWG, especially when comparing the top two 

quartiles to the bottom quartile (Q3 OR 0.83; 95% CI 0.76, 0.91; Q4 OR 0.83; 95% CI 0.75, 

0.92). After adjustment for prepregnancy BMI, the association between higher levels of 

neighborhood poverty rate and excessive GWG was attenuated, but ORs remain statistically 

significant (Q4 OR 1.09; 95% CI 1.01, 1.17). None of the neighborhood characteristics in 

Model 1 were associated with inadequate GWG.

Higher NWI scores and a higher density of walkable destinations were both associated 

with lower odds of excessive GWG (Table 3 and Figure 1). For those pregnant individuals 

living in a neighborhood with the highest quartile NWI score, the odds of excessive GWG 

were 13 percent lower (95% CI 0.81, 0.93) than among those living in the lowest quartile 

of walkability. Further adjustment for pre-pregnancy BMI did not alter the associations 

between excessive GWG and NWI scores or between excessive GWG and walkable 

destinations. As in Model 1, neither walkability nor poverty rate were associated with 

inadequate GWG in Models 2 and 3 (see Table 3).

Sensitivity analyses excluding births prior to 37 weeks gestational age from the data 

produced results that were similar to results for analyses of all births for all three models and 

for both inadequate and excessive GWG outcomes. Analyses of GWG z-scores produced 

results that were consistent with the results of analyses of categorical GWG outcomes.
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4. Discussion

Our study is the first, to our knowledge, to use population level data to evaluate 

the associations between GWG and multiple neighborhood characteristics, including the 

food environment. In this study of neighborhood characteristics and GWG in NYC, 

we found that greater neighborhood poverty and lower neighborhood walkability were 

associated with higher odds of excessive GWG. This aligns with prior studies in NYC 

that have found that both neighborhood poverty and walkability predict BMI in the general 

population.17 Prepregnancy BMI categories were strongly associated with excessive GWG. 

Adjustment for prepregnancy BMI attenuated the association between neighborhood poverty 

and excessive GWG, but had little impact on the magnitude of association between 

neighborhood walkability and excessive GWG. None of the neighborhood-level variables 

were associated with inadequate GWG.

Contrary to expectations, the density of unhealthy food retail outlets was associated with 

lower odds of excessive GWG. The literature on healthy or unhealthy food outlets and 

obesity is inconsistent. In a prior study, the density of unhealthy food retail was not 

associated with BMI and in a subsequent study of New Yorkers from 2002 to 2006 

unhealthy food retail was associated with higher BMI after adjustment for total retail food 

density and diversity of retail food establishments.17,18 Indeed, there are also prior findings 

suggesting unhealthy food retail is associated with lower obesity risk, including a study of 

children enrolled in NYC public schools in 2008; a higher density of fast food restaurants 

was associated with lower odds of obesity.40 However, a “placebo test” found that banks--a 

measure of overall neighborhood retail ecology--also predicted lower obesity prevalence 

among these school children, to a similar extent as fast food restaurants. The findings of the 

placebo test were interpreted to suggest that higher overall retail and economic activity was 

associated with a lower prevalence of childhood obesity.

In the current analyses of food outlets, we suggest that a phenomenon similar to that 

observed in the study of school children is occurring. In the past decade, the density 

of unhealthy food outlets has increased and is now highly correlated with overall 

walkable retail destinations and neighborhood walkability. We hypothesize that the negative 

association between the density of unhealthy food establishments and excessive GWG does 

not reflect a healthful feature of these food establishments, but rather the link between 

higher neighborhood walkability (or possibly associated constructs such as employment 

density) with lower odds of excessive GWG.

Prior studies have shown that neighborhood food environments and neighborhood 

walkability are associated with BMI in adulthood.17,18 Thus, associations between 

neighborhood features and GWG could arise due to links between neighborhood features 

and prepregnancy BMI, and in turn, the linkages between prepregnancy BMI and GWG. 

However, it is possible that associations between neighborhood features and GWG reflect 

differences in behavior of pregnant individuals during pregnancy that are influenced by 

neighborhood features. Analyses with and without control for prepregnancy BMI provide 

evidence for which of these theorized pathways is more likely.

Kinsey et al. Page 7

Obesity (Silver Spring). Author manuscript; available in PMC 2023 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



For instance, in our analyses the observed associations between neighborhood poverty rate 

and excessive GWG were reduced, but remained statistically significant, after adjustment 

for pregnant individual’s prepregnancy BMI category. This suggests that some of the 

association between neighborhood poverty rate and excessive GWG is explained by 

associations between neighborhood poverty and prepregnancy BMI. In contrast, the 

association between higher neighborhood walkability and excessive GWG was essentially 

unaffected by adjustment for prepregnancy BMI, suggesting that neighborhood walkability 

is associated with GWG due to differences in behaviour during pregnancy – presumably 

pedestrian activity (e.g. walking for exercise, daily activities, commuting, etc) – and 

not solely by influences on prepregnancy BMI. This hypothesis is supported by prior 

research in the general population showing that, within NYC, variation in neighborhood 

walkability predicts differences in BMI, total physical activity and engagement in active 

transportation.30,34,35 Literature on perceptions around physical activity during pregnancy 

further supports this hypothesis. Qualitative studies with pregnant individuals have 

highlighted the importance of access to safe places to exercise and incorporation of 

movement in everyday activities (e.g. walking, household chores) as facilitators to physical 

activity during pregnancy.41,42 Studies have also noted a common concern among pregnant 

individuals around the safety of physical activity for the foetus, with many expressing that 

gentle exercise (e.g. walking, stretching) was preferable to other forms of exercise.41–43 

Prior studies have shown a positive association between mid-pregnancy walking and reduced 

odds of excessive GWG.44

4.1. Strengths of the study

The large sample size and variability and diversity of NYC’s neighborhoods with respect 

to walkability and density of food resources are both strengths of the study. Additionally, 

the study provides new evidence on an understudied topic that has clear public health 

importance.

4.2. Limitations of the data

This study has several limitations. First given the high density of the city and low car 

ownership, NYC has unique food retail environments and walkability features.45 This 

may limit the generalizability of the findings to populations in other geographic areas, 

particularly rural and suburban locations. However, as of 2018, more than 55 percent of the 

world’s population lived in urban areas and this number is projected to grow to 68 percent 

by the year 2050, thus findings from urban settings including NYC have relevance for large 

portions of the global population.46

Another limitation is possible reliance on self-report of height and weight data for some 

of the sample, though medical record data and anthropometric measurements in a clinical 

setting are expected to be used in most instances. Other socio-demographic variables such 

as education and race/ethnicity were also self-reported into the medical records. Potential 

error in the height and weight data are unlikely to alter the conclusions of the analyses, 

however. Previous research indicates that self-reported anthropometric data and measured 

anthropometric data produce near identical estimates in health effects studies, especially if 
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estimates are adjusted for individual-level sociodemographic factors known to be associated 

with measurement error from self-report.47

Lastly, the measures of walkability are based purely on urban form/planning concepts and 

do not incorporate data on other, more experiential, characteristics such as perceptions of 

safety or aesthetic qualities.33 However, many of these experiential qualities are expected 

to correlate with neighborhood socioeconomic conditions and the analyses adjusted for 

neighborhood poverty rate.33

5. CONCLUSION

The research reported here provides further data on how neighborhood environment 

characteristics influence health and health behaviors. Neighborhood factors, including 

poverty, appear to be associated with prepregnancy weight status, which is a significant risk 

factor for excessive GWG. Additionally, neighborhood walkability appears to be associated 

with GWG even after accounting for associations with prepregnancy weight. Multiple 

guidelines exist for planners and architects on how to design for health, including the 

NYC Active Design Guidelines, the WELL Community Standard, the American Institute 

of Architects Healthy Design Research Consortium, and the Department of Health and 

Human Service’s Healthy People 2020 guidelines. However, due to limited research on 

the implications of active design for health during pregnancy, few such guides explicitly 

consider pregnant individuals and their infants. Given the long-lasting benefits of healthy 

pregnancies for parental and child health, this research provides further impetus for the 

use of urban design to support healthy weight and reduce the risk of excessive GWG and 

associated sequalae. If further research replicates the findings presented here, supporting the 

health of young children should be factored into cost-benefit analyses of built environment 

interventions to create walkable neighborhoods.
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Study Importance Questions

What is already known about this subject?

• Most pregnant individuals do not gain the recommended amount of weight 

during pregnancy and both inadequate and excessive gestational weight gain 

can negatively impact the long term health of pregnant individuals and 

children.

• Very little research examines the relationship between neighborhood 

characteristics and gestational weight gain.

What are the new findings in your manuscript?

• Living in a more walkable neighborhood is associated with lower odds of 

excessive gestational weight gain, which could be due to differences in 

pedestrian activity during pregnancy.

How might your results change the direction of research or the focus of clinical 
practice?

• Given the long-lasting benefits of healthy pregnancies for parental and child 

health, this research provides further impetus for the use of urban design to 

support healthy weight and reduce the risk of excessive GWG and associated 

sequalae.
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Figure 1. 
Panels A and B depict odds ratios for inadequate GWG compared to recommended GWG. 

Panels C and D depict odds ratios for excessive GWG compared to recommended GWG. All 

models are adjusted for pregnant individual’s age, race/ethnicity, education, marital status, 

foreign born status, WIC receipt status, parity, and gestational age.
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Table 2.

Associations of neighborhood food environment factors and IOM recommended gestational weight gain 

(GWG) levels

Inadequate GWG vs Recommended Excessive GWG vs Recommended

OR p>|t| 95% CI OR p>|t| 95% CI

Model 1

Poverty Rate
1

 Quartile 1 (Low) ref ref

 Quartile 2 0.99 0.70 0.92 1.06 1.09 0.01 1.02 1.16

 Quartile 3 1.02 0.69 0.94 1.09 1.16 <0.01 1.08 1.25

 Quartile 4 (High) 1.06 0.16 0.98 1.15 1.17 <0.01 1.08 1.26

Healthy Food Density
2

 Quartile 1 (Low Density) ref ref

 Quartile 2 0.96 0.27 0.89 1.03 0.98 0.45 0.92 1.04

 Quartile 3 1.01 0.82 0.93 1.09 0.98 0.65 0.92 1.06

 Quartile 4 (High Density) 1.00 0.93 0.91 1.09 0.94 0.09 0.87 1.01

Unhealthy Food Density
3

 Quartile 1 (Low Density) ref ref

 Quartile 2 1.06 0.22 0.97 1.15 0.91 0.01 0.84 0.98

 Quartile 3 1.03 0.53 0.94 1.14 0.83 <0.01 0.76 0.91

 Quartile 4 (High Density) 1.01 0.82 0.91 1.13 0.83 <0.01 0.75 0.92

Model 1 (adjusted for prepregnancy BMI)

Poverty Rate
1

 Quartile 1 (Low) ref ref

 Quartile 2 0.99 0.79 0.92 1.06 1.04 0.17 0.98 1.11

 Quartile 3 1.03 0.47 0.95 1.11 1.09 0.01 1.02 1.17

 Quartile 4 (High) 1.08 0.08 0.99 1.17 1.09 0.03 1.01 1.17

Healthy Food Density
2

 Quartile 1 (Low Density) ref ref

 Quartile 2 0.96 0.32 0.89 1.04 0.96 0.23 0.90 1.03

 Quartile 3 1.01 0.72 0.94 1.10 0.98 0.64 0.92 1.06

 Quartile 4 (High Density) 1.00 0.97 0.91 1.09 0.95 0.23 0.88 1.03

Unhealthy Food Density
3

 Quartile 1 (Low Density) ref ref

 Quartile 2 1.05 0.27 0.96 1.15 0.91 0.02 0.84 0.98

 Quartile 3 1.02 0.65 0.93 1.13 0.83 <0.01 0.76 0.90

 Quartile 4 (High Density) 1.00 0.98 0.90 1.11 0.82 <0.01 0.74 0.90

Models adjusted for the pregnant individual’s age, race/ethnicity, education, marital status, foreign born status, WIC receipt status, parity, and 
gestational age.
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1
Percent poverty quartile cut points (Q1: ≤0.097; Q2: >0.097; Q3: >.0.151; Q4: ≥0.230)

2
Healthy food density quartile cut points (Q1: ≤0.644; Q2: >0.644; Q3: >1.592; Q4: ≥3.409)

3
Unhealthy food density quartile cut points (Q1: ≤10.310; Q2: >10.310; Q3: >24.531; Q4 ≥50.618)
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Table 3.

Associations of neighborhood walkability factors with IOM recommended gestational weight gain (GWG) 

levels

Inadequate GWG vs Recommended Excessive GWG vs recommended

OR p>|t| 95% CI OR p>|t| 95% CI

Model 2

Poverty Rate
1

 Quartile 1 (Low) ref ref

 Quartile 2 0.99 0.79 0.93 1.06 1.07 0.02 1.01 1.14

 Quartile 3 1.03 0.51 0.95 1.10 1.14 <0.01 1.06 1.22

 Quartile 4 (High) 1.07 0.10 0.99 1.15 1.13 <0.01 1.05 1.22

Neighborhood Walkability Index
2

 Quartile 1 (Low Score) ref ref

 Quartile 2 1.05 0.14 0.98 1.13 0.95 0.12 0.90 1.01

 Quartile 3 1.01 0.70 0.95 1.09 0.92 0.01 0.86 0.98

 Quartile 4 (High Score) 1.02 0.60 0.95 1.10 0.87 <0.01 0.81 0.93

Model 2 (adjusted for prepregnancy BMI)

Poverty Rate
1

 Quartile 1 (Low) ref ref

 Quartile 2 1.00 0.89 0.93 1.07 1.03 0.32 0.97 1.10

 Quartile 3 1.04 0.32 0.96 1.12 1.07 0.06 1.00 1.14

 Quartile 4 (High) 1.08 0.05 1.00 1.17 1.05 0.17 0.98 1.13

Neighborhood Walkability Index
2

 Quartile 1 (Low Score) ref ref

 Quartile 2 1.05 0.15 0.98 1.13 0.94 0.06 0.88 1.00

 Quartile 3 1.01 0.77 0.94 1.08 0.92 0.01 0.86 0.98

 Quartile 4 (High Score) 1.01 0.74 0.94 1.09 0.87 <0.01 0.81 0.93

Model 3

Poverty Rate
1

 Quartile 1 (Low) ref ref

 Quartile 2 0.99 0.72 0.92 1.06 1.07 0.02 1.01 1.14

 Quartile 3 1.01 0.70 0.94 1.09 1.14 <0.01 1.07 1.22

 Quartile 4 (High) 1.06 0.16 0.98 1.14 1.15 <0.01 1.07 1.24

Walkable Destinations
3

 Quartile 1 (Low Density) ref ref

 Quartile 2 1.04 0.32 0.96 1.14 0.93 0.04 0.86 1.00

 Quartile 3 1.06 0.16 0.98 1.16 0.88 <0.01 0.81 0.95

 Quartile 4 (High Density) 1.02 0.63 0.94 1.12 0.80 <0.01 0.73 0.87
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Inadequate GWG vs Recommended Excessive GWG vs recommended

OR p>|t| 95% CI OR p>|t| 95% CI

Model 3 (adjusted for prepregnancy BMI)

Poverty Rate
1

 Quartile 1 (Low) ref ref

 Quartile 2 0.99 0.81 0.93 1.06 1.03 0.34 0.97 1.10

 Quartile 3 1.03 0.47 0.95 1.11 1.07 0.04 1.00 1.15

 Quartile 4 (High) 1.07 0.09 0.99 1.16 1.07 0.08 0.99 1.14

Walkable Destinations
3

 Quartile 1 (Low Density) ref ref

 Quartile 2 1.04 0.36 0.96 1.13 0.92 0.04 0.86 1.00

 Quartile 3 1.06 0.19 0.97 1.16 0.87 <0.01 0.80 0.94

 Quartile 4 (High Density) 1.01 0.83 0.92 1.11 0.81 <0.01 0.75 0.88

Models adjusted for pregnant individual’s age, race/ethnicity, education, marital status, foreign born status, WIC receipt status, parity, and 
gestational age.

1
Percent poverty quartile cut points (Q1: ≤0.097; Q2: >0.097; Q3: >.0.151; Q4: ≥0.230)

2
Neighborhood walkability index quartile cut points (Q1: ≤-1.632; Q2: >-1.632; Q3: >-0.279; Q4: ≥1.067)

3
Walkable destinations density quartile cut points (Q1: ≤86.874; Q2: > 86.874; Q3: >175.094; Q4: ≥ 343.820)
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