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Objective. Maternal prepregnancy obesity is related to increased maternal morbidity and mortality and poor birth outcomes.
However, prevalence and risk factors for prepregnancy obesity in US cities are not known.&is study examines the prevalence and
social and environmental determinants of maternal prepregnancy obesity (BMI ≥30), overweight/obesity (BMI ≥25), and severe
obesity (BMI ≥40) in the 68 largest metropolitan cities of the United States. Methods. We fitted logistic and Poisson regression
models to the 2013–2016 national vital statistics birth cohort data (N� 3,083,600) to derive unadjusted and adjusted city dif-
ferentials in maternal obesity and to determine social and environmental determinants. Results. Considerable disparities existed
across cities, with the prevalence of prepregnancy obesity ranging from 10.4% in San Francisco to 36.6% in Detroit. Approximately
63.0% of mothers in Detroit were overweight or obese before pregnancy, compared with 29.2% of mothers in San Francisco.
Severe obesity ranged from 1.4% in San Francisco to 8.5% in Cleveland. Women in Anchorage, Buffalo, Cleveland, Fresno,
Indianapolis, Louisville, Milwaukee, Oklahoma City, Sacramento, St Paul, Toledo, Tulsa, and Wichita had >2 times higher
adjusted odds of prepregnancy obesity compared to those in San Francisco. Race/ethnicity, maternal age, parity, marital status,
nativity/immigrant status, and maternal education were important individual-level risk factors and accounted for 63%, 39%, and
72% of the city disparities in prepregnancy obesity, overweight/obesity, and severe obesity, respectively. Area deprivation, violent
crime rates, physical inactivity rates, public transport use, and access to parkland and green spaces remained significant predictors
of prepregnancy obesity even after controlling for individual-level covariates. Conclusions. Substantial disparities in maternal
prepregnancy obesity among the major US cities remain despite risk-factor adjustment, with women in several Southern and
Midwestern cities experiencing high risks of obesity. Sound urban policies are needed to promote healthier lifestyles and favorable
social and built environments for obesity reduction and improved maternal health.

1. Introduction

Obesity rates in the United States continue to rise unabated
despite concerted efforts to reverse this trend [1–4]. About
42% of the US adult population is classified as obese (body
mass index (BMI) ≥30 kg/m2) and 71% of the adult pop-
ulation is considered overweight or obese (BMI ≥25 kg/m2)

[1, 2, 4].&e obesity prevalence of US women of childbearing
age (18–49) increased nearly 4-fold, from 7.4% in 1976 to
27.5% in 2014; the overweight/obese prevalence rose from
22.8% in 1976 to 53.5% in 2014 [3, 5]. Maternal prepreg-
nancy obesity and overweight rates have also risen in recent
years, with 27.1% reporting obesity and 53.3% reporting
overweight/obesity at the start of pregnancy in 2017 [5, 6].
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&ere are multigenerational implications of this rising
trend as they relate to maternal and child health [5]. Pre-
pregnancy obesity is associated with an increased risk of
chronic gestational diabetes, gestational hypertension, pre-
eclampsia/eclampsia, cesarean section, and dysfunctional
and prolonged labor [5–13]. Maternal prepregnancy obesity
is considered an underlying cause of maternal mortality as it
increases the risk of both direct and indirect obstetric causes
of maternal death, including spontaneous abortion, hem-
orrhage, and uterine rupture [14–16]. Furthermore, ma-
ternal prepregnancy obesity can increase the risk of stillbirth,
fetal macrosomia, preterm birth, selected birth defects, and
infant mortality [5–12, 17]. Children of mothers who are
overweight/obese are also at increased risk of obesity across
the life course [8, 10, 12].

&e socioecological perspective has been used as a
framework to better understand the multiple determinants
of obesity in terms of the social context and individual-level
factors [18–20]. &e social environment may encompass
such community-level measures as poverty rate, income
inequality, employment and labor market structure,
housing quality, crime rate, public transport use, and access
to grocery stores and healthy food [19–22]. &e built en-
vironment refers to the physical structure, land uses, in-
frastructure planning, housing, sidewalks, walking paths,
parks, and green spaces [19–25]. Although geographical
disparities in adult and childhood obesity, particularly
those by state and metropolitan areas, have been well
documented, indicating the significance of various social
and environmental factors as important determinants, such
analyses of maternal prepregnancy obesity are limited
[5, 20, 23, 26, 27]. Recent studies have shown state, re-
gional, and rural-urban disparities in maternal prepreg-
nancy obesity [5, 28]. However, the extent to which the
prevalence of maternal prepregnancy obesity varies within
urban or metropolitan areas is not known. More than 83%
of the US population lives in urban or metropolitan areas,
and as such, inequalities in adult obesity or prepregnancy
obesity in urban areas largely drive the overall obesity
trends and disparities in the US [27, 29].

Individual-level characteristics such as maternal age,
parity, marital status, race/ethnicity, nativity/immigrant
status, and education attainment have all been associated
with prepregnancy obesity [5, 6, 9, 11]. City-level factors
capturing the social and built environments at the com-
munity level may exert important influences on both in-
dividuals’ risk of obesity and communities’ obesity
prevalence [20, 21]. For example, transportation systems
may influence an individual’s activity levels, where intricate
transportation systems lend themselves to additional
walking or physical activity [30]. Accessibility to fitness
centers, grocery stores, and shopping centers may increase
walking, resulting in lower obesity [31]. However, eating
prepared foods at restaurants and fast food establishments
may contribute to the upward weight trends. A study re-
ported that exposure to fast food restaurants had a greater
impact on lower socioeconomic status (SES) groups,
resulting in higher obesity rates [32]. Safe neighborhoods
with well-maintained sidewalks and walking and cycling

paths are more supportive of an active lifestyle [30, 33].
Additional city-level factors, such as public school systems,
poverty, income inequality, housing, crime rates, and access
to parkland and green spaces, may also influence obesity and
physical activity levels [20, 21, 23].

Despite the many adverse health effects of prepregnancy
obesity on both the mother and child, geographic disparities
in prepregnancy obesity and the many city-level factors
contributing to obesity patterns have not been analyzed at
the national level or among prepregnant and pregnant
women. A better understanding of prepregnancy obesity
risks and their determinants is critical to improving pre-
conception health and health outcomes for both mothers
and children [5].

&e primary aim of this study was to examine city-
specific patterns in prepregnancy obesity and overweight
across 68 major metropolitan cities in the US and to identify
key social and built environmental risk factors using na-
tional birth cohort data. &e 68 selected cities account for
17% of the total US population and 21% of all US births
[34, 35]. Health policy interventions to reduce obesity at the
city level can decrease overall health disparities, improve
intergenerational weight trends, and promote health equity
across the United States, especially among populations and
communities that are most vulnerable to suboptimal social
and built environments [3, 5, 7, 20].

2. Methods

Maternal prepregnancy BMI data in this study were derived
from the 2013, 2014, 2015, and 2016 national natality files
[35, 36]. Only 69 of the largest cities, including New York,
Los Angeles, Chicago, and Houston, were identified in the
national files (Table 1). We excluded Honolulu from our
analysis because of the small number of births. Information
on prepregnancy height and weight has been collected on the
birth certificate for selected states by the National Center for
Health Statistics since 2003 [5, 35, 36]. &e birth certificate
data include the place of residence, such as state, county, and
city of residence, a wide range of maternal and infant
characteristics, medical risk factors and complications, and
birth outcomes [35, 36]. Information on race/ethnicity, age,
nativity/immigrant status, marital status, education, pre-
pregnancy weight and height, and smoking before and
during pregnancy is directly reported by the mother. In-
formation on pregnancy complications and medical risk
factors such as pregnancy-related hypertension and gesta-
tional diabetes is collected from the medical records at the
hospital or the freestanding birthing center where the birth
occurs [35, 36]. Detailed descriptions of the birth certificate
data and national natality files are provided elsewhere
[35, 36].

During 2013–2016, 3,083,600 births occurred among
mothers living in the selected 68 cities. Of these mothers,
723,217 had prepregnancy obesity, 1,513,492 were over-
weight/obese, and 125,962 had severe obesity (BMI ≥40 kg/
m2) at the start of pregnancy. Aggregating data for four years
ensured sufficient sample sizes for analyzing obesity dis-
parities across all 68 cities.
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Table 1: Observed prevalence and logistic regressions showing unadjusted and adjusted differentials in prepregnancy obesity (BMI ≥30)
among women in 68 major cities and by selected socidemographic characteristics, United States, 2013–2016 (N� 3,083,600).

Covariate Number of
births

Prevalence
percentage

Prevalence
ratio

Model 11 Model 22 Covariate-
adjusted

OR 95% CI OR 95% CI Prevalence SE
City of residence
Albuquerque, NM 28,367 22.79 2.19∗ 2.54 2.43 2.66 1.35 1.29 1.41 20.90 0.23
Anaheim, CA 18,327 25.05 2.41∗ 2.88 2.74 3.02 1.74 1.66 1.83 25.17 0.31
Anchorage, AK 18,137 26.62 2.56∗ 3.12 2.97 3.28 2.30 2.19 2.42 30.28 0.35
Arlington, TX 22,310 26.68 2.56∗ 3.13 2.99 3.28 1.83 1.75 1.92 26.08 0.28
Atlanta, GA 30,536 24.52 2.36∗ 2.80 2.68 2.92 1.52 1.45 1.59 22.81 0.23
Aurora, CO 21,681 24.87 2.39∗ 2.85 2.72 2.99 1.81 1.72 1.89 25.79 0.29
Austin, TX 56,870 18.98 1.82∗ 2.02 1.94 2.10 1.35 1.29 1.41 20.96 0.17
Baltimore, MD 33,685 31.15 2.99∗ 3.89 3.73 4.06 1.88 1.80 1.97 26.52 0.22
Birmingham, AL 13,101 28.94 2.78∗ 3.50 3.33 3.69 1.68 1.59 1.77 24.49 0.34
Boston, MA 28,857 18.58 1.78∗ 1.96 1.87 2.06 1.38 1.31 1.45 21.29 0.24
Buffalo, NY 14,092 32.44 3.12∗ 4.13 3.93 4.34 2.29 2.17 2.41 30.17 0.37
Charlotte, NC 48,354 22.45 2.16∗ 2.49 2.39 2.60 1.52 1.46 1.59 22.89 0.19
Chicago, IL 1,42,016 25.55 2.45∗ 2.95 2.85 3.06 1.70 1.64 1.77 24.68 0.11
Cincinnati, OH 26,312 27.46 2.64∗ 3.26 3.11 3.40 1.78 1.70 1.86 25.49 0.26
Cleveland, OH 22,632 33.81 3.25∗ 4.39 4.20 4.60 2.01 1.91 2.10 27.69 0.28
Colorado Springs,
CO 27,959 23.01 2.21∗ 2.57 2.46 2.69 1.75 1.67 1.84 25.29 0.26

Columbus, OH 47,133 25.14 2.41∗ 2.89 2.77 3.01 1.79 1.72 1.87 25.64 0.20
Corpus Christi, TX 17,972 29.93 2.88∗ 3.67 3.50 3.85 1.78 1.69 1.87 25.54 0.30
Dallas, TX 86,638 16.97 1.63∗ 1.76 1.69 1.83 0.96 0.92 1.00 16.09 0.12
Denver, CO 38,746 19.39 1.86∗ 2.07 1.98 2.16 1.40 1.34 1.46 21.52 0.21
Detroit, MI 34,939 36.59 3.51∗ 4.96 4.76 5.17 1.86 1.78 1.94 26.33 0.21
El Paso, TX 48,031 24.11 2.32∗ 2.73 2.62 2.85 1.40 1.34 1.46 21.53 0.18
Fort Worth, TX 52,726 26.65 2.56∗ 3.13 3.00 3.25 1.78 1.71 1.86 25.59 0.18
Fresno, CA 38,564 31.61 3.04∗ 3.98 3.82 4.14 2.17 2.08 2.27 29.21 0.22
Houston, TX 2,03,061 24.50 2.35∗ 2.79 2.69 2.90 1.59 1.53 1.65 23.59 0.09
Indianapolis, IN 13,598 29.50 2.83∗ 3.60 3.42 3.79 2.22 2.10 2.34 29.59 0.38
Jacksonville, FL 42,901 28.20 2.71∗ 3.38 3.24 3.52 1.92 1.84 2.01 26.92 0.21
Kansas City, MO 27,763 25.87 2.49∗ 3.00 2.87 3.14 1.77 1.70 1.86 25.48 0.25
Las Vegas, NV 78,005 22.86 2.20∗ 2.55 2.45 2.65 1.46 1.40 1.52 22.18 0.14
Lexington, KY 16,130 23.55 2.26∗ 2.65 2.52 2.79 1.97 1.87 2.07 27.36 0.36
Long Beach, CA 22,757 24.95 2.40∗ 2.86 2.73 3.00 1.60 1.53 1.68 23.73 0.27
Los Angeles, CA 1,91,719 22.94 2.20∗ 2.56 2.47 2.66 1.48 1.42 1.54 22.41 0.09
Louisville, KY 9,298 26.09 2.51∗ 3.04 2.87 3.22 2.04 1.93 2.17 28.06 0.46
Memphis, TN 38,585 30.46 2.93∗ 3.77 3.62 3.93 1.61 1.54 1.68 23.63 0.20
Mesa, AZ 21,316 25.10 2.41∗ 2.88 2.75 3.02 1.74 1.66 1.83 25.18 0.29
Miami, FL 41,988 20.51 1.97∗ 2.22 2.13 2.32 1.17 1.12 1.22 18.79 0.18
Milwaukee, MN 38,050 33.78 3.24∗ 4.39 4.21 4.57 2.11 2.02 2.20 28.63 0.22
Minneapolis, MN 23,127 22.89 2.20∗ 2.55 2.44 2.68 1.72 1.64 1.80 24.93 0.28
Nashville, TN 9,457 22.77 2.19∗ 2.54 2.39 2.69 1.65 1.55 1.75 24.20 0.43
New Orleans, LA 19,446 25.76 2.47∗ 2.98 2.85 3.13 1.39 1.32 1.46 21.36 0.27
New York, NY 4,61,957 17.52 1.68∗ 1.83 1.76 1.89 1.28 1.23 1.33 20.12 0.06
Newark, NJ 6,704 30.70 2.95∗ 3.81 3.58 4.06 1.75 1.64 1.87 25.26 0.48
Norfolk, VA 13,782 27.54 2.65∗ 3.27 3.11 3.44 1.71 1.63 1.81 24.88 0.35
Oakland, CA 19,840 21.33 2.05∗ 2.33 2.22 2.45 1.52 1.45 1.60 22.90 0.29
Oklahoma City, OK 33,818 28.93 2.78∗ 3.50 3.36 3.65 2.11 2.02 2.20 28.64 0.24
Omaha, NE 29,659 24.52 2.36∗ 2.79 2.67 2.92 1.91 1.82 2.00 26.78 0.26
Philadelphia, PA 84,625 26.45 2.54∗ 3.09 2.98 3.22 1.62 1.56 1.69 23.94 0.14
Phoenix, AZ 64,541 26.57 2.55∗ 3.11 2.99 3.24 1.75 1.68 1.82 25.20 0.16
Pittsburgh, PA 7,464 23.08 2.22∗ 2.58 2.42 2.75 1.60 1.50 1.71 23.69 0.49
Portland, OR 34,291 18.28 1.76∗ 1.92 1.84 2.01 1.57 1.50 1.64 23.36 0.24
Raleigh, NC 23,905 22.17 2.13∗ 2.45 2.34 2.57 1.59 1.52 1.67 23.61 0.27
Riverside, CA 22,451 27.93 2.68∗ 3.33 3.19 3.49 1.74 1.66 1.82 25.15 0.27
Sacramento, CA 42,381 27.05 2.60∗ 3.19 3.06 3.32 2.04 1.96 2.13 28.06 0.22
San Antonio, TX 94,710 29.81 2.86∗ 3.65 3.52 3.79 1.83 1.76 1.91 26.06 0.13
San Diego, CA 74,081 17.40 1.67∗ 1.81 1.74 1.89 1.32 1.27 1.38 20.63 0.15
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Besides the city of residence, we considered the following
sociodemographic covariates of maternal prepregnancy
obesity: maternal age, parity, race/ethnicity, nativity/im-
migrant status, marital status, and maternal education
[5, 6, 9, 12, 28]. &ese covariates were measured as shown in

Table 1. In addition to the individual-level covariates, we
considered a number of city-level social and built envi-
ronmental characteristics as having an impact on individ-
uals’ risk of obesity and on city-specific obesity rates. &ese
included area deprivation, violent crime rate, physical

Table 1: Continued.

Covariate Number of
births

Prevalence
percentage

Prevalence
ratio

Model 11 Model 22 Covariate-
adjusted

OR 95% CI OR 95% CI Prevalence SE
San Francisco, CA 33,170 10.41 1.00 1.00 Reference 1.00 Reference 16.67 0.24
San Jose, CA 51,265 19.76 1.90∗ 2.12 2.03 2.21 1.74 1.67 1.81 25.13 0.20
St Louis, MO 17,938 26.20 2.52∗ 3.05 2.91 3.21 1.56 1.48 1.64 23.24 0.30
St Paul, MN 19,195 25.77 2.48∗ 2.99 2.85 3.13 2.29 2.18 2.40 30.18 0.33
Tampa, FL 36,636 20.85 2.00∗ 2.27 2.17 2.37 1.30 1.24 1.36 20.34 0.20
Toledo, OH 16,550 30.60 2.94∗ 3.79 3.62 3.98 2.06 1.96 2.16 28.16 0.34
Tulsa, OK 24,925 27.59 2.65∗ 3.28 3.13 3.43 2.01 1.91 2.10 27.69 0.28
Tucson, AZ 26,507 27.31 2.62∗ 3.23 3.09 3.38 1.80 1.72 1.88 25.73 0.25
Virginia Beach, VA 18,548 23.20 2.23∗ 2.60 2.47 2.73 1.73 1.64 1.82 25.00 0.32
Washington, DC 36,486 20.47 1.97∗ 2.21 2.12 2.31 1.24 1.18 1.30 19.65 0.20
Wichita, KS 23,816 27.94 2.68∗ 3.34 3.19 3.49 2.22 2.12 2.32 29.60 0.29

Race/ethnicity
Non-Hispanic White 999736 16.63 1.00 1.00 Reference 1.00 Reference 16.65 0.04
Non-Hispanic Black 702024 33.43 2.01∗ 2.52 2.50 2.54 2.19 2.17 2.21 29.68 0.06
American Indian/AN 15818 34.08 2.05∗ 2.59 2.51 2.68 1.80 1.74 1.87 25.99 0.32
Asian/Pacific
Islander 294256 8.72 0.52∗ 0.48 0.47 0.49 0.70 0.69 0.71 12.32 0.07

Hispanic 1071766 27.18 1.63∗ 1.87 1.86 1.88 1.98 1.96 2.00 27.74 0.05
Maternal age (years)
<20 1,97,009 15.98 1.00 1.00 Reference 1.00 Reference 12.16 0.07
20–24 6,52,210 24.47 1.53∗ 1.70 1.68 1.73 1.80 1.77 1.82 19.39 0.05
25–29 8,29,530 25.53 1.60∗ 1.80 1.78 1.83 2.51 2.47 2.55 24.65 0.05
30–34 8,44,263 22.34 1.40∗ 1.51 1.49 1.53 2.80 2.76 2.84 26.56 0.05
35–39 4,48,109 23.19 1.45∗ 1.59 1.57 1.61 3.14 3.09 3.19 28.65 0.07
40–44 1,04,105 24.94 1.56∗ 1.75 1.72 1.78 3.50 3.42 3.57 30.66 0.15
≥45 8,374 22.14 1.39∗ 1.50 1.42 1.58 3.45 3.26 3.65 30.40 0.53

Parity
0 12,49,953 18.07 1.00 1.00 Reference 1.00 Reference 21.02 0.04
1 9,29,988 23.18 1.289∗ 1.36 1.35 1.37 1.17 1.17 1.18 23.66 0.04
2 4,92,818 28.65 1.599∗ 1.81 1.80 1.82 1.28 1.27 1.30 25.20 0.06
3 2,23,547 33.1 1.839∗ 2.23 2.21 2.25 1.39 1.38 1.41 26.63 0.09
≥4 1,75,646 36.08 2.009∗ 2.55 2.52 2.57 1.43 1.41 1.45 27.11 0.10

Marital status
Married 16,62,235 19.55 1.00 1.00 Reference 1.00 Reference 22.98 0.04
Unmarried 14,21,365 28.02 1.43∗ 1.60 1.59 1.61 1.06 1.05 1.06 23.89 0.04

Nativity/immigrant status
US-born 20,49,036 26.37 1.50 1.68 1.67 1.69 1.85 1.83 1.86 26.74 0.03
Foreign-born 10,25,745 17.62 1.00∗ 1.00 Reference 1.00 Reference 17.06 0.04

Maternal education (years)
<12 5,86,501 25.97 1.94∗ 2.26 2.24 2.28 1.97 1.94 1.99 25.97 0.06
12 7,63,417 27.65 2.06∗ 2.47 2.45 2.49 2.00 1.98 2.02 26.31 0.05
13–15 7,74,645 29.39 2.19∗ 2.69 2.67 2.71 2.05 2.04 2.07 26.79 0.05
≥16 9,18,396 13.42 1.00 1.00 Reference 1.00 Reference 15.60 0.05

OR � odds ratio; CI � confidence interval; AN �Alaska Native. ∗Statistically significant at p< 0.05. 1Unadjusted for covariates. 2Adjusted for city of
residence, race/ethnicity, maternal age, parity, marital status, nativity, and maternal education. Source: data derived from the 2013–2016 US
National Natality data files.
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inactivity rate, public transport use, access to parkland and
green spaces, and air pollution [20, 21]. All city-level social
and built environmental characteristics were linked to the
individual birth records using the common geocode for
cities.

We developed a factor-based deprivation index at the
city level using the 2008–2012 American Community Survey
(ACS) [34]. &e deprivation index consisted of 11 socio-
economic indicators, which may be viewed as broadly
representing educational opportunities, labor force skills,
and economic and housing conditions in a given city
[37, 38]. Selected indicators of education, occupation,
wealth, income distribution, unemployment rate, poverty
rate, and housing quality were used to construct the index by
factor and principal components analyses [37, 38]. &e
factor loadings (correlations of indicators with the index) for
the index varied from 0.96 for median family income to 0.66
for monthly housing costs. &e deprivation index, measured
as a continuous variable, had a mean of 100 and a standard
deviation of 20, with higher index scores denoting higher
levels of socioeconomic position and lower levels of dep-
rivation [37, 38].&e index varied from a low socioeconomic
score of 43.8 for Detroit and 53.4 for Cleveland to a high
socioeconomic score of 144.0 for Seattle and 151.2 for San
Francisco.

Access to parkland and green spaces was measured by
the 2015 Park Score Index developed by the Trust for Public
Land that combines data on the amount of parkland and
green spaces, accessibility, investment, and park amenities
[39]. Higher park scores indicate better access to and quality
of parks, green space, and amenities. &e Park Score Index
ranged from a low score of 31.0 for Charlotte and 32.0 for
Indianapolis to a high score of 84.0 for Minneapolis and St.
Paul [39]. Data on violent crime rates were obtained from
the 2015 Uniform Crime Report [40]. &e violent crime rate
was highest in St Louis (1817.1 per 100 000 population) and
lowest in Virginia Beach (138.3). Data on public transport
used for work commute were derived from the 2008–2012
ACS [34]. &e percentage of population using public
transport for commuting to work ranged from 0.2% in
Arlington, Texas, to 55.6% in New York City. &e 2015
physical inactivity rate, defined as the percentage of adults
aged ≥18 years with no leisure-time physical activity, was
derived from the CDC’s 500 Cities Database [41]. Physical
inactivity rates ranged from 14.3% in Seattle to 37.1% in
Newark, New Jersey. Air pollution was measured by the 2015
data on the annual mean concentration of fine particulate
matter, PM2.5 (µg/m3), which varied from a low of 4.7
micrograms per cubic meter for Tucson to 14.5 for Fresno
[42].

Multivariable logistic regression models, estimated by
the SAS LOGISTIC procedure, were used to derive differ-
entials in individual risks of prepregnancy obesity, over-
weight/obesity, and severe obesity before and after adjusting
for individual-level sociodemographic characteristics [43].
In estimating the odds of obesity for specific cities, we
considered San Francisco as the reference because it had the
lowest prevalence, which is potentially achievable by other
cities. Secondly, using both individual- and city-level data,

logistic models were fitted to assess the impact of city-level
social and built environmental factors (measured as cate-
gorical variables: 1st quintile, 2nd–4th quintiles, and 5th
quintile) on individual risks of prepregnancy obesity,
overweight/obesity, and severe obesity before and after
adjusting for individual-level covariates and city-fixed ef-
fects. &irdly, city-level variations in the prevalence of
obesity, overweight/obesity, and severe obesity were mod-
eled as a function of city-level social and built environmental
characteristics by Poisson regression models as estimated by
the SAS GENMOD procedure [44]. Fitted logistic models
were used to derive city-specific adjusted prevalence of
obesity or overweight/obesity at mean values of the cova-
riates. A relative index of disparity (RID) and coefficient of
variation were used as summary measures of city disparities
in obesity [20, 45].

No institutional review board (IRB) approval was re-
quired for this study, which is based on the secondary
analysis of a public use federal database. However, the
contents of the article, including methodological details,
were reviewed and approved by the Health Resources and
Services Administration’s review committee.

3. Results

3.1. Prevalence and Individual-Level Risk Factors forMaternal
Prepregnancy Obesity. During 2013–2016, the overall
prevalence of maternal prepregnancy obesity in the 68 cities
was 23.5%; the prevalence of overweight/obesity and severe
obesity was 49.1% and 4.1%, respectively. Substantial dis-
parities existed across cities, with the prevalence of pre-
pregnancy obesity ranging from 10.4% in San Francisco and
13.4% in Seattle to 33.8% in Cleveland and 36.6% in Detroit
(Table 1). Compared to San Francisco, all cities had 1.3 to 3.5
times higher prevalence of prepregnancy obesity (Table 1).

Cities varied greatly in their composition of socio-
demographic characteristics known to be associated with
obesity (Table 2). For example, the percentage of mothers
aged ≥35 years was highest in San Francisco (38.3%) and
Seattle (33.0%) and lowest in Toledo (8.9%). Educational
attainment (percentage with a college degree) was highest
among women in Seattle (65.6%) and San Francisco (65.4%)
and lowest among women in Detroit (5.6%) and Cleveland
(10.6%). &e percentage of black mothers varied from 0.4%
in Santa Ana and 2.4% in Anaheim to 71.5% inMemphis and
81.3% in Detroit. &e percentage of Asian/Pacific Islander
(API) mothers ranged from 1.2% in Miami and 1.4% in
Detroit to 33.9% in San Francisco and 36.9% in San Jose.&e
percentage of nulliparous women (no previous birth) was
highest in San Francisco (55.1%) and lowest in Fresno
(32.1%). &e percentage of women with four or more
previous births was highest in Detroit (10.1%) and lowest in
San Francisco (1.4%). &e percentage of unmarried mothers
ranged from 20.1% in San Francisco to 77.1% in Cleveland
and 80.1% in Detroit. Approximately 5.2% of mothers in
Toledo were foreign-born, compared with 60.9% in Miami.

A number of cities hadmarkedly higher unadjusted odds
of maternal prepregnancy obesity compared to San Fran-
cisco, most notably Detroit, Cleveland, and Milwaukee
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(Table 1, Model 1). Controlling for individual-level cova-
riates reduced city differentials in obesity (Table 1, Model 2).
Nevertheless, in the adjusted model, women in Anchorage,
Buffalo, Cleveland, Fresno, Indianapolis, Louisville, Mil-
waukee, Oklahoma City, Sacramento, St. Paul, Toledo, Tulsa,
and Wichita had more than two times higher odds of
maternal prepregnancy obesity than those in San Francisco.
Adjustment for individual-level covariates accounted for
63% of the city disparities in prepregnancy obesity (when
comparing RID estimates in the unadjusted and adjusted
models).

Table 1 shows the prevalence and odds of prepregnancy
obesity according to other individual-level covariates.
Compared to non-Hispanic whites, non-Hispanic black
and AIAN women had, respectively, 119% and 80% higher
adjusted odds of prepregnancy obesity, whereas API
women had 30% lower adjusted odds. Increasing maternal
age, higher parity, unmarried status, US-born status, and
lower education were all associated with increased risks of
maternal obesity. Women aged 40–44 and ≥ 45 years had
3.5 times higher adjusted odds of prepregnancy obesity
than those aged <20 years. Women with four or more prior
births had 43% higher adjusted odds of prepregnancy
obesity than those who did not have prior births. Regarding
joint effects of maternal age and parity, compared with
nulliparity (no previous birth), parity ≥4 (four or more
prior births) was associated with a 64% higher risk of
prepregnancy obesity among women aged <20 years, a 94%
higher risk of prepregnancy obesity among women aged
20–39 years, and a 107% higher risk of prepregnancy
obesity among women aged ≥40 years (Table 3). US-born
women had 85% higher adjusted odds of prepregnancy
obesity than immigrant women. Women without a college
degree had approximately twice the adjusted odds of
prepregnancy obesity than those with a college degree
(Table 1).

3.2. Prevalence and Individual-Level Risk Factors for Pre-
pregnancy Overweight/Obesity and Severe Obesity. City
disparities in maternal prepregnancy overweight/obesity
and severe obesity generally show patterns similar to those
for prepregnancy obesity. &e prevalence of prepregnancy
overweight/obesity ranged from 29.2% in San Francisco and
36.3% in Seattle to 60.1% in Fresno and 63.0% in Detroit
(Figure 1). Compared to women in San Francisco, women in
Milwaukee, Wichita, Sacramento, Buffalo, Anchorage,
Indianapolis, Fresno, and St. Paul had 2.0–2.3 times higher
adjusted odds of overweight/obesity. Adjustment for indi-
vidual-level covariates reduced city differentials in over-
weight/obesity by 39%.

&e prevalence of severe obesity varied from 1.4% for
women in San Francisco and 1.9% in Seattle to 8.4% for
women in Detroit and 8.5% in Cleveland (Figure 2).
Compared to San Francisco, the adjusted odds of severe
obesity were 2.4 to 2.6 times higher in Indianapolis, Toledo,
Cleveland, St. Paul, Wichita, Anchorage, and Buffalo. Ad-
justment for individual-level covariates accounted for 72%
of the city differentials in severe obesity.

Estimating the Impact of City-Level Social and Built
Environmental Characteristics on Prepregnancy Obesity,
Overweight/Obesity, and Severe Obesity.

Women living in cities with high levels of socioeconomic
deprivation (the lowest SES quintile) had 72% higher odds of
prepregnancy obesity than those living in cities with low
levels of socioeconomic deprivation (the highest SES
quintile). After controlling for individual-level covariates,
this differential was reduced to 16% higher odds among
women in cities with high deprivation levels (Table 4). &e
association of area deprivation and overweight/obesity and
severe obesity was similar to that for prepregnancy obesity.

Higher physical inactivity rates, lower public transport
use, higher levels of air pollution, and lower access to
parkland and green spaces were all independently associated
with higher odds of prepregnancy obesity, overweight/
obesity, and severe obesity even after controlling for indi-
vidual-level covariates (Table 4). For example, compared to
women in cities with high accessibility, women in cities with
low accessibility to parkland and green spaces had 28%, 24%,
and 34% higher adjusted odds of prepregnancy obesity,
overweight/obesity, and severe obesity, respectively.

Table 5 shows the ecological associations between city-
level social and built environmental factors and prepregnancy
obesity prevalence. Cities with high levels of socioeconomic
deprivation had 36%, 23%, and 48% higher risks of pre-
pregnancy obesity, overweight/obesity, and severe obesity,
respectively, after controlling for other city-level factors.
Lower public transport use, higher levels of air pollution, and
lower access to parkland and green spaces were all inde-
pendently associated with a higher prevalence of prepreg-
nancy obesity, overweight/obesity, and severe obesity at the
city level. For example, controlling for other factors, cities
with high violent crime rates, low transport use, and low
access to parks and green spaces had, respectively, 71%, 45%,
and 27% higher prevalence of severe prepregnancy obesity
than cities with favorable social and built environments.

4. Discussion

To our knowledge, this is the first population-based study to
examine maternal prepregnancy obesity among the largest
US cities. &e results of this study indicate substantial city
disparities in the risk of prepregnancy obesity, overweight/
obesity, and severe obesity, which were only partially
explained by differences in maternal age, race/ethnicity,
nativity, education, and other relevant sociodemographic
characteristics. Estimating the city-specific maternal pre-
pregnancy obesity prevalence and identifying individual-
and city-level sociodemographic, behavioral, and environ-
mental risk factors for obesity disparities across major cities
are particularly novel features of our study.

We found the level of maternal prepregnancy obesity
across the cities to be quite high, with the median prevalence
being 25.4% for prepregnancy obesity and 51.7% for over-
weight/obesity. &e magnitude of disparities was marked,
with women in Detroit, Cleveland, Memphis, and Bir-
mingham being at 3–6 times higher risks of prepregnancy
obesity and severe obesity than their counterparts in San
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Francisco. Differences in maternal prepregnancy obesity in
our highly urban sample according to individual-level
covariates of maternal age, parity, race/ethnicity, nativity/
immigrant status, and maternal education are generally
consistent with those observed at the national level [5, 28].
Higher rates and risks of prepregnancy obesity and over-
weight associated with higher levels of area deprivation,
physical inactivity rates, low use of public transport, lower
access to parkland, green spaces, and neighborhood ame-
nities, and higher levels of air pollution are compatible with
those reported in prior research on adult and childhood
obesity [20, 21, 26, 46].

&e prevalence of prepregnancy obesity reported here
for various cities is broadly consistent with the model-based
estimates of obesity among adults aged ≥18 years, which

indicate the highest rates of adult obesity in Detroit, Bir-
mingham, Cleveland, Newark, Memphis, Milwaukee, and
Buffalo and low rates of obesity in San Diego, Seattle, and
San Francisco [41]. Our city-specific estimates of maternal
prepregnancy obesity are also compatible with the city-re-
lated patterns in the adult prevalence of diabetes, hyper-
tension, and coronary heart disease [41].

4.1. Implications for Health and Social Policy. &is study
supports the need to further explore the social and built
environmental determinants of obesity. Health and social
policy interventions can be tailored at the city level by
identifying key aspects of the social and physical environ-
ment driving obesity trends that are amenable to change. To

Table 3: Joint effect of maternal age and parity on prepregnancy obesity (BMI ≥30), overweight/obesity (BMI ≥25), and severe obesity (BMI
≥40) among women in 68 major cities, United States, 2013–2016 (N� 3,083,600).

Number of births Prevalence percent Prevalence ratio
Prepregnancy obesity
Maternal age <20 years
Parity 0 (nulliparity) 1,60,476 15.10 1.00 Reference
Parity 1–3 35,635 19.96 1.32 ∗

Parity 4+ 93 24.73 1.64 ∗

Maternal age 20–39 years
Parity 0 (nulliparity) 10,59,867 18.52 1.00 Reference
Parity 1–3 15,45,945 26.38 1.42 ∗

Parity 4+ 1,57,851 35.98 1.94 ∗

Maternal age ≥40 years
Parity 0 (nulliparity) 29,610 17.94 1.00 Reference
Parity 1–3 64,773 24.45 1.36 ∗

Parity 4+ 17,702 37.08 2.07 ∗

Prepregnancy overweight/obesity
Maternal age <20 years
Parity 0 (nulliparity) 1,60,476 37.61 1.00 Reference
Parity 1–3 35,635 45.91 1.22 ∗

Parity 4+ 93 51.61 1.37 ∗

Maternal age 20–39 years
Parity 0 (nulliparity) 10,59,867 41.58 1.00 Reference
Parity 1–3 15,45,945 53.53 1.29 ∗

Parity 4+ 1,57,851 65.34 1.57 ∗

Maternal age ≥40 years
Parity 0 (nulliparity) 29,610 41.45 1.00 Reference
Parity 1–3 64,773 53.25 1.28 ∗

Parity 4+ 17,702 70.04 1.69 ∗

Prepregnancy severe obesity
Maternal age <20 years
Parity 0 (nulliparity) 1,60,476 1.83 1.00 Reference
Parity 1–3 35,635 2.28 1.25 ∗

Parity 4+ 93 5.38 2.94
Maternal age 20–39 years
Parity 0 (nulliparity) 10,59,867 3.25 1.00 Reference
Parity 1–3 15,45,945 4.67 1.44 ∗

Parity 4+ 1,57,851 6.85 2.11 ∗

Maternal age ≥40 years
Parity 0 (nulliparity) 29,610 2.90 1.00 Reference
Parity 1–3 64,773 3.65 1.26 ∗

Parity 4+ 17,702 5.29 1.82 ∗

∗Statistically significant at p< 0.05. Source: data derived from the 2013–2016 US National Natality data files.
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curb rising obesity rates, many federal programs have
successfully advocated for policy and environmental
changes to transform American communities into places
that promote good nutrition and physical activity [21, 22].
Policymakers, public health officials, urban planners, social

planners, and education administrators must work collab-
oratively to develop innovative public policy initiatives to
influence the built environment, including the development
of safe green spaces, walkable communities, accessible re-
sources, and educational curriculum.
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Figure 1: Prevalence1 and adjusted2 odds ratio for prepregnancy overweight/obesity (BMI ≥25) among women in 68 major US cities, 2013-
2016 (N� 3,083,600). 1Prevalence estimates for all cities were significantly higher than the prevalence for San Francisco at p< 0.05. 2Adjusted
by logistic regression for maternal age, race/ethnicity, parity, marital status, nativity/immigrant status, and maternal education (San
Francisco as reference). All adjusted odds ratios were statistically significant at p< 0.05. Source: data derived from the 2013-2016 US
National Natality data files.
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4.2. Limitations. Our study has some limitations. &e in-
dividual-level analysis of obesity risks lacked data on im-
portant risk factors such as diet and physical activity of the
mothers; other important SES measures such as family in-
come, occupation, and employment status were not available

in the national birth files. In the multilevel and ecological
analyses of maternal prepregnancy obesity, the impact of the
social and built environmental characteristics may have been
underestimated as they are measured at the city level and do
not account for the intracity heterogeneity in these
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Figure 2: Prevalence1 and adjusted odds ratios2 for severe prepregnancy obesity (BMI ≥40) among women in 68 major US cities, 2013-2016
(N� 3,083,600). 1Prevalence estimates for all cities were significantly higher than the prevalence for San Francisco at p< 0.05. 2Adjusted by
logistic regression for maternal age, race/ethnicity, parity, marital status, nativity/immigrant status, and maternal education (San Francisco
as reference). All adjusted odds ratios except for New York were statistically significant at p< 0.05. Source: data derived from the 2013-2016
US National Natality data files.
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Table 4: Logistic models showing unadjusted and covariate-adjusted odds ratios (OR) for prepregnancy obesity, overweight/obesity, and
severe obesity according to city-level social and environmental characteristics, United States, 2013–2016 (N� 3,083,600).

Obesity (BMI≥ 30) Overweight/obesity (BMI≥ 25) Severe obesity (BMI≥ 40)

Unadjusted Covariate-
adjusted1 Unadjusted Covariate-

adjusted1 Unadjusted Covariate-
adjusted1

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Socioeconomic deprivation index, 2008–20122

43.85–86.09 (low SES) 1.72 1.71–1.74 1.16 1.15–1.17 1.60 1.58–1.61 1.13 1.12–1.14 2.01 1.97–2.05 1.22 1.19–1.25
86.10–112.64 (middle SES) 1.30 1.29–1.31 1.07 1.06–1.08 1.27 1.26–1.27 1.05 1.04–1.06 1.32 1.29–1.34 1.08 1.06–1.10
112.65–151.24 (high SES) 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference

Violent crime rate/100,000 population, 2015
138.30–478.29 (low crime) 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
478.30–1108.03 1.09 1.08–1.10 1.00 0.99–1.00 1.06 1.06–1.07 0.97 0.96–0.97 1.17 1.15–1.19 1.04 1.02–1.06
1108.04–1817.10 (high crime) 1.51 1.49–1.52 1.13 1.11–1.14 1.32 1.31–1.33 1.05 1.04–1.06 2.02 1.97–2.06 1.28 1.25–1.31

Physical inactivity (%), 20153

14.30–21.75 (low inactivity) 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
21.76–31.89 1.22 1.21–1.23 1.05 1.04–1.06 1.19 1.18–1.20 1.02 1.02–1.03 1.25 1.23–1.27 1.05 1.03–1.06
31.90–37.10 (high inactivity) 1.41 1.40–1.43 1.05 1.04–1.06 1.35 1.34–1.36 0.99 0.99–1.00 1.54 1.51–1.57 1.13 1.10–1.15

Public transport use for work commute (%), 2008–2012
0.24–1.99 (low use) 1.39 1.37–1.40 1.29 1.28–1.30 1.33 1.32–1.34 1.28 1.27–1.29 1.49 1.46–1.52 1.14 1.11–1.16
2.00–12.03 1.26 1.25–1.27 1.11 1.10–1.12 1.22 1.22–1.23 1.08 1.08–1.09 1.31 1.30–1.33 1.11 1.09–1.14
12.04–55.59 (high use) 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference

Park index score, 20154

31.00–42.49 (low access) 1.55 1.53–1.56 1.28 1.27–1.29 1.44 1.43–1.45 1.24 1.23–1.25 1.73 1.70–1.77 1.34 1.32–1.37
42.50–66.49 1.33 1.32–1.34 1.11 1.11–1.12 1.26 1.26–1.27 1.08 1.07–1.08 1.48 1.46–1.50 1.21 1.20–1.23
66.50–84.00 (high access) 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference

Air pollution-annual mean PM2.5 (μg/m3), 2015
4.70–7.19 (low pollution) 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
7.20–9.69 0.94 0.93–0.95 1.01 1.00–1.02 0.91 0.90–0.92 0.99 0.98–0.99 0.98 0.96–0.99 1.03 1.02–1.05
9.70–14.50 (high pollution) 1.15 1.14–1.16 1.09 1.08–1.10 1.12 1.12–1.13 1.07 1.06–1.08 1.20 1.17–1.22 1.11 1.09–1.14

1Adjusted for individual-level covariates of race/ethnicity, maternal age, parity, marital status, nativity status, and maternal education. For all city-level
covariates, the first category represents the first quintile, the second category represents the second through fourth quintiles, and the third category represents
the fifth quintile. 2&e socioeconomic deprivation index is a continuous variable with a mean of 100 and a standard deviation of 20. Higher socioeconomic
index scores denote higher levels of socioeconomic position and lower levels of deprivation. 3No leisure-time physical activity among adults aged >� 18 years.
4&e Index, developed by the Trust for Public Land, combines data on the amount of parkland and green spaces, accessibility, investment, and park amenities.
Higher park scores indicate better access to and quality of parks, green space, and amenities.

Table 5: Poisson regression models showing relative risk (RR) of prepregnancy obesity, overweight/obesity, and severe obesity according to
city-level social and environmental characteristics, United States, 2013–2016 (N� 68 cities).

Obesity (BMI ≥30) Overweight/obesity (BMI ≥25) Severe obesity (BMI ≥40)

Unadjusted Covariate-
adjusted Unadjusted Covariate-

adjusted Unadjusted Covariate-
adjusted

RR 95% CI RR 95% CI RR 95% CI RR 95% CI RR 95% CI RR 95% CI
Socioeconomic deprivation index, 2008–20121

43.85–86.09 (low SES) 1.53 1.52–1.54 1.36 1.35–1.36 1.28 1.28–1.29 1.23 1.22–1.24 2.01 1.97–2.05 1.48 1.44–1.52
86.10–112.64 (middle SES) 1.23 1.22–1.24 1.22 1.20–1.23 1.14 1.14–1.15 1.16 1.16–1.17 1.32 1.29–1.34 1.18 1.15–1.21
112.65–151.24 (high SES) 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference

Violent crime rate/100,000 population, 2015
138.30–478.29 (low crime) 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
478.30–1108.03 1.07 1.07–1.08 0.98 0.97–0.99 1.03 1.03–1.04 0.95 0.94–0.96 1.17 1.15–1.19 1.12 1.10–1.15
1108.04–1817.10 (high crime) 1.37 1.36–1.38 1.18 1.16–1.19 1.15 1.15–1.16 1.04 1.03–1.05 2.02 1.97–2.06 1.71 1.67–1.76

Physical inactivity (%), 20152

14.30–21.75 (low inactivity) 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
21.76–31.89 1.17 1.16–1.18 1.01 1.00–1.02 1.10 1.10–1.11 1.00 1.00–1.01 1.24 1.22–1.26 1.02 0.99–1.05
31.90–37.10 (high inactivity) 1.32 1.31–1.33 1.02 1.01–1.03 1.18 1.17–1.18 1.01 1.00–1.01 1.55 1.52–1.58 1.03 1.00–1.05

Public transport use for work commute (%), 2008–2012
0.24–1.99 (low use) 1.29 1.28–1.30 1.24 1.23–1.26 1.17 1.16–1.17 1.14 1.14–1.15 1.49 1.46–1.52 1.45 1.41–1.48
2.00–12.03 1.20 1.20–1.21 1.08 1.08–1.09 1.12 1.11–1.12 1.05 1.05–1.06 1.31 1.30–1.33 1.11 1.09–1.14
12.04–55.59 (high use) 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
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characteristics. Neighborhoods or communities within a
large city or an urban area can vary greatly in terms of access
to parks and green spaces, sidewalks and walking paths,
healthy foods and food security, safe and affordable housing,
public transport, crime rates and public security, and ex-
posure to air pollution and environmental hazards.

In our study, prevalence estimates of prepregnancy
obesity and overweight included women who had a live birth
during 2013–2016 and excluded women who became
pregnant but experienced fetal loss, miscarriages, or abor-
tions [5, 35, 36]. Since prepregnancy obesity in women is
associated with these adverse perinatal outcomes, the re-
ported prevalence of prepregnancy obesity is likely under-
estimated [5, 6]. Additionally, since prepregnancy weight on
the birth certificate is self-reported by the mothers, pre-
pregnancy obesity and overweight prevalence is likely to be
underestimated [5, 6].

5. Conclusions

Our study shows substantial disparities in maternal pre-
pregnancy obesity among major US cities, with women in
several Southern and Midwestern cities experiencing a
particularly high risk of obesity. Social and public health
policies can help modify the social and built environments
that are shown here to have a significant impact on maternal
prepregnancy obesity [20–22]. Sound urban policies aimed
at promoting healthier environments and lifestyles can
address various aspects of the unfavorable social environ-
ment such as socioeconomic deprivation, poor housing,
crime and public safety concerns, lack of access to parks,
walking paths, green spaces, and grocery stores carrying
healthy foods, lack of opportunities for recreation and
physical activity, inadequate public transport, and exposure
to environmental pollutants [20–22, 47]. Such policies not
only are beneficial in terms of promoting increased physical
activity, better nutrition, and reduced obesity levels among
women, but can also provide other maternal health benefits
such as improved physical and mental health and lower risks

of chronic diseases, including heart disease, stroke, diabetes,
and cancer [20–22, 47].

Data Availability

Datasets used to analyze and support the findings of this
study are cited in the article and can be obtained from US
Centers for Disease Control and National Center for Health
Statistics.

Ethical Approval

No IRB approval was required for this study, which is based
on the secondary analysis of a public use federal database.

Conflicts of Interest

&e authors declare no conflicts of interest.

Acknowledgments

Hyunjung Lee was supported in part by appointment to the
Research Participation Program at the Health Resources &
Services Administration-Office of Health Equity (HRSA-
OHE), administered by the Oak Ridge Institute for Science
and Education (ORISE) through an interagency agreement
between the US Department of Energy and HRSA.

References

[1] National Center for Health Statistics, Health, United States,
2017 With Special Feature on Mortality, US Department of
Health and Human Services, Hyattsville, MD, USA, 2018.

[2] K. M. Flegal, D. Kruszon-Moran, M. D. Carroll, C. D. Fryar,
and C. L. Ogden, “Trends in obesity among adults in the
United States, 2005 to 2014,” JAMA, vol. 315, no. 21,
pp. 2284–2291, 2016.

[3] G. K. Singh, M. Siahpush, R. A. Hiatt, and L. R. Timsina,
“Dramatic increases in obesity and overweight prevalence and
body mass index among ethnic-immigrant and social class

Table 5: Continued.

Obesity (BMI ≥30) Overweight/obesity (BMI ≥25) Severe obesity (BMI ≥40)

Unadjusted Covariate-
adjusted Unadjusted Covariate-

adjusted Unadjusted Covariate-
adjusted

RR 95% CI RR 95% CI RR 95% CI RR 95% CI RR 95% CI RR 95% CI
Park index score, 20153

31.00–42.49 (low access) 1.42 1.40–1.43 1.15 1.14–1.16 1.22 1.21–1.23 1.07 1.06–1.07 1.75 1.73–1.79 1.27 1.24–1.31
42.50–66.49 1.27 1.26–1.27 1.09 1.08–1.10 1.14 1.14–1.14 1.03 1.02–1.03 1.50 1.48–1.52 1.22 1.19–1.24
66.50–84.00 (high access) 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference

Air pollution-annual mean PM2.5 (μg/m3), 2015
4.70–7.19 (low pollution) 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
7.20–9.69 0.95 0.95–0.96 1.01 1.01–1.02 0.95 0.95–0.96 0.99 0.98–0.99 0.98 0.96–0.99 1.06 1.04–1.08
9.70–14.50 (high pollution) 1.11 1.10–1.12 1.08 1.07–1.08 1.06 1.06–1.07 1.05 1.05–1.06 1.20 1.17–1.22 1.09 1.07–1.11

For all covariates, the first category represents the first quintile, the second category represents the second through fourth quintiles, and the third category
represents the fifth quintile. 1&e socioeconomic deprivation index is a continuous variable with a mean of 100 and a standard deviation of 20. Higher
socioeconomic index scores denote higher levels of socioeconomic position and lower levels of deprivation. 2No leisure-time physical activity among adults
aged >� 18 years. 3&e Index, developed by the Trust for Public Land, combines data on the amount of parkland and green spaces, accessibility, investment,
and park amenities. Higher park scores indicate better access to and quality of parks, green space, and amenities.

14 Journal of Environmental and Public Health



groups in the United States, 1976-2008,” Journal of Com-
munity Health, vol. 36, no. 1, pp. 94–110, 2011.

[4] C. M. Hales, M. D. Carroll, C. D. Fryar, and C. L. Ogden,
“Prevalence of obesity and severe obesity among adults:
United States, 2017-2018,” NCHS Data Brief, vol. 360, pp. 1–8,
2020.

[5] G. K. Singh and J. N. DiBari, “Marked disparities in pre-
pregnancy obesity and overweight prevalence among US
women by race/ethnicity, nativity/immigrant status, and
sociodemographic characteristics, 2012-2014,” Journal of
Obesity, vol. 2019, pp. 1–13, 2019.

[6] S. C. Fisher, S. Y. Kim, A. J. Sharma, R. Rochat, and
B. Morrow, “Is obesity still increasing among pregnant
women? Prepregnancy obesity trends in 20 states, 2003-2009,”
Preventive Medicine, vol. 56, no. 6, pp. 372–378, 2013.

[7] A. M. Siega-Riz, “Prepregnancy obesity: determinants, con-
sequences, and solutions,” Advances in Nutrition, vol. 3, no. 1,
pp. 105–107, 2012.

[8] L. Poston, L. F. Harthoorn, and E. M. Van der beek, “Obesity
in pregnancy: implications for the mother and lifelong health
of the child. A consensus statement,” Pediatric Research,
vol. 69, no. 2, pp. 175–180, 2011.

[9] S. Cnattingius, R. Bergström, L. Lipworth, and M. S. Kramer,
“Prepregnancy weight and the risk of adverse pregnancy
outcomes,” New England Journal of Medicine, vol. 338, no. 3,
pp. 147–152, 1998.

[10] J. Stang and L. G. Huffman, “Position of the academy of
nutrition and dietetics: obesity, reproduction, and pregnancy
outcomes,” Journal of the Academy of Nutrition and Dietetics,
vol. 116, no. 4, pp. 677–691, 2016.

[11] S. N. Hinkle, A. J. Sharma, S. Y. Kim et al., “Prepregnancy
obesity trends among low-income women, United States,
1999-2008,”Maternal and Child Health Journal, vol. 16, no. 7,
pp. 1339–1348, 2012.

[12] H. H. Kim, K. Monteiro, S. Phanthavong, and S. Viner-
Brown, “Prepregnancy obesity and adverse health conditions
in Rhode Island,” Rhode IslandMedical Journal (2013), vol. 98,
no. 3, pp. 39–41, 2015.

[13] G. K. Singh, M. Siahpush, L. Liu, and M. Allender, “Racial/
ethnic, nativity, and sociodemographic disparities in maternal
hypertension in the United States, 2014-2015,” International
Journal of Hypertension, vol. 2018, Article ID 7897189,
14 pages, 2018.

[14] L. Say, D. Chou, A. Gemmill et al., “Global causes of maternal
death: a WHO systematic analysis,”>e Lancet Global Health,
vol. 2, no. 6, pp. e323–e333, 2014.

[15] F. Storm, S. Agampodi, M. Eddleston, J. B. Sørensen,
F. Konradsen, and T. Rheinländer, “Indirect causes of ma-
ternal death,”>e Lancet Global Health, vol. 2, no. 10, p. e566,
2014.

[16] T. Van Den Akker, M. Nair, M. Geodhart et al., “Maternal
mortality: direct or indirect has become irrelevant,” Lancet
Global Health, vol. 5, no. 12, pp. e1181–e1182, 2017.

[17] E. Declercq, M. MacDorman, H. Cabral, and N. Stotland,
“Prepregnancy body mass index and infant mortality in 38
U.S. States, 2012-2013,” Obstetrics & Gynecology, vol. 127,
no. 2, pp. 279–287, 2016.

[18] U. Bronfenbrenner, >e Ecology of Human Development:
Experiments by Nature and Design, Harvard University Press,
Cambridge, MA, USA, 1979.

[19] National Center for Injury Prevention and Control, >e So-
cial-Ecological Model: A Framework For Prevention, Centers
for Disease Control and Prevention, Atlanta, GA, USA, 2020,

https://www.cdc.gov/violenceprevention/publichealthissue/
social-ecologicalmodel.html.

[20] G. K. Singh, M. D. Kogan, and P. C. Van Dyck, “A multilevel
analysis of state and regional disparities in childhood and
adolescent obesity in the United States,” Journal of Com-
munity Health, vol. 33, no. 2, pp. 90–102, 2008.

[21] G. K. Singh, M. Siahpush, and M. D. Kogan, “Neighborhood
socioeconomic conditions, built environments, and child-
hood obesity,”Health Affairs, vol. 29, no. 3, pp. 503–512, 2010.

[22] G. K. Singh, M. D. Kogan, and R. T. Slifkin, “Widening
disparities in infant mortality and life expectancy between
Appalachia and the rest of the United States, 1990-2013,”
Health Affairs, vol. 36, no. 8, pp. 1423–1432, 2017.

[23] M. A. Pappas, A. J. Alberg, R. Ewing et al., “&e built envi-
ronment and obesity,” Epidemiologic Reviews, vol. 29,
pp. 129–143, 2007.

[24] J. D. Mackenbach, H. Rutter, S. Compernolle et al., “Obe-
sogenic environments: a systematic review of the association
between the physical environment and adult weight status, the
spotlight project,” BMC Public Health, vol. 14, no. 1, p. 233,
2014.

[25] K. Lachowycz and A. P. Jones, “Greenspace and obesity: a
systematic review of the evidence,” Obesity Reviews, vol. 12,
no. 5, pp. e183–e189, 2011.

[26] A. Carroll-Scott, K. Gilstad-Hayden, L. Rosenthal et al.,
“Disentangling neighborhood contextual associations with
child body mass index, diet, and physical activity: the role of
built, socioeconomic, and social environments,” Social Science
& Medicine, vol. 95, pp. 106–114, 2013.

[27] C. M. Pickens, C. Pierannunzi, W. Garvin, and M. Town,
“Surveillance for certain health behaviors and conditions
among states and selected local areas-behavioral risk factor
surveillance system, United States, 2015,” MMWR. Surveil-
lance Summaries, vol. 67, no. 9, pp. 1–90, 2018.

[28] A. M. Branum, S. E. Kirmeyer, and E. C. W. Gregory,
“Prepregnancy body mass index by maternal characteristics
and state: data from the birth certificate, 2014,” National Vital
Statistics Report, vol. 65, no. 6, pp. 1–11, 2016.

[29] G. K. Singh and M. Siahpush, “Widening rural-urban dis-
parities in life expectancy, U.S., 1969-2009,”American Journal
of Preventive Medicine, vol. 46, no. 2, pp. e19–e29, 2014.

[30] T. Townshend and A. Lake, “Obesogenic environments:
current evidence of the built and food environments,” Per-
spectives in Public Health, vol. 137, no. 1, pp. 38–44, 2017.

[31] J. Kerr, J. A. Emond, H. Badland et al., “Perceived neigh-
borhood environmental attributes associated with walking
and cycling for transport among adult residents of 17 cities in
12 countries: the IPEN study,” Environmental Health Per-
spectives, vol. 124, no. 3, pp. 290–298, 2016.

[32] F. C. Hillier-Brown, H. J. Moor, A. A. Lake, A. J. Adamson,
M. White, and J. Adams, “&e effectiveness of interventions
targeting specific out-of-home food outlets: protocol for a
systematic review,” Systematic Reviews, vol. 3, pp. 1–5, 2014.

[33] D. Ding and K. Gebel, “Built environment, physical activity,
and obesity: what have we learned from reviewing the liter-
ature?” Health & Place, vol. 18, no. 1, pp. 100–105, 2012.

[34] US Census Bureau, >e American Community Survey, U.S.
Census Bureau, Washington, DC, USA, 2018, http://www.
census.gov/acs/www/.

[35] J. A. Martin, B. E. Hamilton, M. J. K. Osterman, A. K. Driscoll,
and P. Drake, “Births: final data for 2017,” National Vital
Statistics Reports, vol. 67, no. 8, pp. 1–50, 2018.

[36] National Center for Health Statistics, National Vital Statistics
System, 2013-2016 Natality Public Use Files and User Guide,

Journal of Environmental and Public Health 15

https://www.cdc.gov/violenceprevention/publichealthissue/social-ecologicalmodel.html
https://www.cdc.gov/violenceprevention/publichealthissue/social-ecologicalmodel.html
http://www.census.gov/acs/www/
http://www.census.gov/acs/www/


U.S. Department of Health and Human Services, Hyattsville,
MD, USA, 2018, https://www.cdc.gov/nchs/data_access/
vitalstatsonline.htm#Births.

[37] G. K. Singh, “Area deprivation and widening inequalities in
US mortality, 1969-1998,” American Journal of Public Health,
vol. 93, no. 7, pp. 1137–1143, 2003.

[38] G. K. Singh and A. Jemal, “Socioeconomic and racial/ethnic
disparities in cancer mortality, incidence, and survival in the
United States, 1950-2014: over six decades of changing pat-
terns and widening inequalities,” Journal of Environmental
and Public Health, vol. 2017, Article ID 2819372, 19 pages,
2017.

[39] &e Trust for Public Land, ParkScore 2015 Rankings, &e Trust
for Public Land, San Francisco, CA, USA, 2015, https://www.
tpl.org/parkscore.

[40] Federal Bureau of Investigation, Uniform Crime Reporting
Program. 2015 Crime in the United States, U.S. Department of
Justice, Washington, DC, USA, 2016, https://ucr.fbi.gov/
crime-in-the-u.s/2015/crime-in-the-u.s.-2015.

[41] National Center for Chronic Disease Prevention and Health
Promotion,>e 500 Cities Database, 2017 Release, Centers for
Disease Control and Prevention, Atlanta, GA, USA, 2017,
https://chronicdata.cdc.gov/500-Cities/500-Cities-City-level-
Data-GIS-Friendly-Format-201/dxpw-cm5u.

[42] United States Environmental Protection Agency, Air Qual-
ity–Cities and Counties, United States Environmental Pro-
tection Agency, Washington, DC, USA, 2020, https://www.
epa.gov/air-trends/air-quality-cities-and-counties.

[43] SAS Institute, Inc, SAS/STAT 14.1 User’s Guide: >e Logistic
Procedure, SAS Institute Inc., Cary, NC, USA, 2015, http://
support.sas.com/documentation/cdl/en/statug/68162/PDF/
default/statug.pdf.

[44] SAS Institute, Inc, SAS/STAT 14.1 User’s Guide: >e Genmod
Procedure, SAS Institute Inc., Cary, NC, USA, 2014, http://
support.sas.com/documentation/cdl/en/statug/68162/PDF/
default/statug.pdf.

[45] J. N. Pearcy and K. G. Keppel, “A summary measure of health
disparity,” Public Health Reports, vol. 117, no. 3, pp. 273–280,
2002.

[46] R. An, M. Ji, H. Yan, and C. Guan, “Impact of ambient air
pollution on obesity: a systematic review,” International
Journal of Obesity, vol. 42, no. 6, pp. 1112–1126, 2018.

[47] World Health Organization, Health as the Pulse of the New
Urban Agenda: United Nations Conference on Housing and
Sustainable Urban Development. Quito, Ecuador, WHO,
Geneva, Switzerland, 2016.

16 Journal of Environmental and Public Health

https://www.cdc.gov/nchs/data_access/vitalstatsonline.htm#Births
https://www.cdc.gov/nchs/data_access/vitalstatsonline.htm#Births
https://www.tpl.org/parkscore
https://www.tpl.org/parkscore
https://ucr.fbi.gov/crime-in-the-u.s/2015/crime-in-the-u.s.-2015
https://ucr.fbi.gov/crime-in-the-u.s/2015/crime-in-the-u.s.-2015
https://chronicdata.cdc.gov/500-Cities/500-Cities-City-level-Data-GIS-Friendly-Format-201/dxpw-cm5u
https://chronicdata.cdc.gov/500-Cities/500-Cities-City-level-Data-GIS-Friendly-Format-201/dxpw-cm5u
https://www.epa.gov/air-trends/air-quality-cities-and-counties
https://www.epa.gov/air-trends/air-quality-cities-and-counties
http://support.sas.com/documentation/cdl/en/statug/68162/PDF/default/statug.pdf
http://support.sas.com/documentation/cdl/en/statug/68162/PDF/default/statug.pdf
http://support.sas.com/documentation/cdl/en/statug/68162/PDF/default/statug.pdf
http://support.sas.com/documentation/cdl/en/statug/68162/PDF/default/statug.pdf
http://support.sas.com/documentation/cdl/en/statug/68162/PDF/default/statug.pdf
http://support.sas.com/documentation/cdl/en/statug/68162/PDF/default/statug.pdf

