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Abstract

Background

Despite being one of the wealthiest nations, disparities in adverse birth outcomes persist
across racial and ethnic lines in the United States. We studied the association between his-
torical redlining and preterm birth, low birth weight (LBW), small-for-gestational age (SGA),
and perinatal mortality over a ten-year period (2006—2015) in Los Angeles, Oakland, and
San Francisco, California.

Methods

We used birth outcomes data from the California Office of Statewide Health Planning and
Development between January 1, 2006 and December 31, 2015. Home Owners’ Loan Corpo-
ration (HOLC) Security Maps developed in the 1930s assigned neighborhoods one of four
grades that pertained to perceived investment risk of borrowers from that neighborhood: green
(grade A) were considered “Best”, blue (grade B) “Still Desirable”, yellow (grade C) “Definitely
Declining”, and red (grade D, hence the term “redlining”) “Hazardous”. Geocoded residential
addresses at the time of birth were superimposed on HOLC Security Maps to assign each birth
a HOLC grade. We adjusted for potential confounders present at the time of Security Map crea-
tion by assigning HOLC polygons areal-weighted 1940s Census measures. We then employed
propensity score matching methods to estimate the association of historical HOLC grades on
current birth outcomes. Because tracts graded A had almost no propensity of receiving grade
C or D and because grade B tracts had low propensity of receiving grade D, we examined birth
outcomes in the three following comparisons: Bvs. A, Cvs. B, and D vs. C.

Results

The prevalence of preterm birth, SGA and mortality tended to be higher in worse HOLC
grades, while the prevalence of LBW varied across grades. Overall odds of mortality and
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preterm birth increased as HOLC grade worsened. Propensity score matching balanced
1940s census measures across contrasting groups. Logistic regression models revealed
significantly elevated odds of preterm birth (odds ratio (OR): 1.02, 95% confidence interval
(CI): 1.00-1.05), and SGA (OR: 1.03, 95% CI: 1.00—1.05) in the C vs. B comparison and sig-
nificantly reduced odds of preterm birth (OR: 0.93, 95% CI: 0.91-0.95), LBW (OR: 0.94—
95% CI: 0.92-0.97), and SGA (OR: 0.94, 95% CI: 0.92—-0.96) in the D vs. C comparison.
Results differed by metropolitan area and maternal race.

Conclusion

Similar to prior studies on redlining, we found that worsening HOLC grade was associated
with adverse birth outcomes, although this relationship was less clear after propensity score
matching and stratifying by metropolitan area. Higher odds of preterm birth and SGA in
grade C versus grade B neighborhoods may be caused by higher-stress environments,
racial segregation, and lack of access to resources, while lower odds of preterm birth, SGA,
and LBW in grade D versus grade C neighborhoods may due to population shifts in those
neighborhoods related to gentrification.

Introduction

Despite spending more per-capita on healthcare than any other nation in the world, infant,
maternal, and neonatal health disparities persist across racial and ethnic groups in the United
States (US) [1]. In 2018, pregnant non-Hispanic Black women were one-and-a-half times as
likely to deliver a baby preterm and more than twice as likely to deliver a baby of low birth
weight (LBW) compared to pregnant non-Hispanic white women, while smaller, yet signifi-
cant, disparities also exist between Hispanic and non-Hispanic white individuals [2]. More-
over, babies born to pregnant Black women are more than twice as likely as their white
counterparts to experience fetal, neonatal, and infant death [3]. One potential driver of racial
and ethnic disparities in birth outcomes is residential segregation, through which access to
education, income, healthcare, and clean environments is limited and thus, promotes health-
diminishing ecosystems [4, 5]. However, limited research has assessed how historical policies
of segregation, though now repealed, may perpetuate current health disparities.

Policies geared toward racially segregating neighborhoods in the US were widespread, per-
vasive, and well-documented in the time following the Great Depression up through the Civil
Rights movement [6]. Effects of such policies can outlive their implementation period and
may continue to contribute to health disparities even after their repeal [7]. Indeed, studies
have shown associations between previous enslavement practices in the southern United States
and disparities in heart disease and stroke mortality today [8, 9]. It is imperative to assess the
extent to which historically racist policies may continue to be ingrained in government institu-
tions at the federal, state and local levels, and in turn influence current neighborhood structure
and shape health disparities.

We examine the role of historical redlining, the practice of categorizing perceived neighbor-
hood mortgage investment risk, on present birth outcomes in three metropolitan areas of Cali-
fornia. Historical redlining maps, also called Security Maps were created over 80 years ago for
over 200 US cities across the US by the federal Home Owners’ Loan Corporation (HOLC), a
government body created following the Great Depression in 1934 with the goal of rescuing
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homeowners from default by issuing replacement mortgages [10, 11]. These maps shaded
neighborhoods one of four colors, corresponding to perceived investment risk, with red indi-
cating the highest risk, hence the term “redlining” [12]. Multiple factors influenced HOLC risk
grade, including racial demographics; standardized appraisal forms included input lines of
“infiltration of” and “foreign-born” to inform the presence of people of color and immigrants
[12].

Though HOLC did not always lend in accordance with Security Map risk grades, HOLC
lending did reinforce pre-existing racial segregation; moreover, the legacy of HOLC risk
grades are associated with current patterns of neighborhood racial residential segregation,
poverty, income inequality, tree canopy coverage, higher ambient temperatures, diesel particu-
late emissions, and diminished home value appreciation [13-19]. As the practice of redlining
segregated and deprived certain communities of investment and opportunities for wealth
accumulation through homeownership, it is possible that such policies structured these neigh-
borhoods in ways that affect current health outcomes [17, 19-22]. Ecosocial Theory, developed
by Krieger et al., provides a theoretical framework for understanding how redlining and other
complimentary racist policies undermine community health. Key to this framework is
highlighting “pathways of embodiment” in which an individual’s health is a function of indi-
vidual-level factors, their interaction with institutional power structures, and the historical and
community contexts and norms in which these institutions function [7, 23]. These pathways
unfold at different spatio-temporal scales and become biologically embodied by altering
genetic expression in affected groups and thereby disease distributions across populations.
Ecosocial Theory helps elucidate how a history of redlining, which deprived communities of
color of property ownership and investment opportunities, in turn drove racial and spatio-
temporal patterns of economic deprivation, reduced political power, lack of access to commu-
nity assets such as greenspace and quality education, and increased exposure to pollution,
poorer quality housing, and psychosocial stress. This phenomenon has intergenerational
impacts that continue to shape the disparate landscape of power, privilege, and community
health today.

Emerging evidence suggests that historical redlining is associated with current patterns of
neighborhood-level health disparities. For example, a recent analysis by Krieger et al. found an
association between historical redlining and risk of preterm birth in New York City, and we
previously observed a relationship between redlining and current disparities in rates of
asthma-related emergency room visits in California [19, 24]. Both studies conceptualize histor-
ical redlining as an indicator of government-sanctioned policies that deprived neighborhoods
of capital investment and physically segregated people of color in ways that diminished access
to services, amenities, and health care resources that are critical to promoting healthy lifestyles
and community well-being [24, 25]. Historical redlining was one of many racist policies in the
1930s and beyond, including racially restrictive covenants, discriminatory insurance under-
writing practices by the Federal Housing Association, and predatory lending among others,
that segregated neighborhoods [6, 26]. Patterns of these historically discriminatory policies,
their lasting legacies, and current social imprint, likely vary regionally across the United States
[6, 16, 17].

Accordingly, for this analysis we assessed the relationship between adverse birth outcomes
from 2006 to 2015 and HOLC risk grade in Los Angeles (LA), Oakland (OAK), and San Fran-
cisco (SF), California. We hypothesized that the odds of adverse birth outcomes would
increase as historical HOLC grade worsened. Additionally, we employed propensity score
methods using 1940s census tract metrics to restrict the study population to comparable
groups among different HOLC-graded neighborhoods and to account for potential unmea-
sured confounding by factors present when the maps were created. Although Security Maps
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were created for eight cities in California, we focused on the three aforementioned metropoli-
tan areas due to availability of 1940s Census data and census tract maps.

Materials and methods
Study design

We conducted a retrospective cohort study of all births occurring in California between Janu-
ary 1, 2006 and December 31, 2015. The California Office of Statewide Health Planning and
Development supplied the dataset, which included maternal addresses at birth, information on
maternal health, race/ethnicity, smoking, educational attainment, and infant gestational age,
and sex, as well as fetal growth and neonatal outcomes. By superimposing spatial points of geo-
coded addresses onto historical HOLC maps, we assigned every birth a HOLC grade of A, B, C
or D. Births occurring in neighborhoods shaded in green, considered “Best” by appraisers,
received grade ‘A’; those shaded in blue, considered “Still Desirable,” received grade ‘B’; those
shaded in yellow, considered “Definitely Declining,” received grade ‘C’; and those shaded in
red, considered “Hazardous” received grade ‘D’.

All study design protocols were approved by the Institutional Review Boards of the Califor-
nia Department of Public Health (#13-05-1231) and the University of California, Berkeley (#
2013-10-5693).

Birth outcome definitions

Our primary perinatal outcomes of interest were preterm birth, LBW, small-for-gestational
age (SGA), and perinatal mortality. Our secondary outcomes of interest were very preterm,
very low birth weight, and neonatal mortality. Preterm birth and very preterm were defined as
a birth after 24 weeks of gestation and before 37 weeks (259 days) and 32 weeks (224 days) of
gestation, respectively. We defined LBW and very-LBW as a birth weight less than 2500 grams
and less than 1500 grams, respectively, occurring after 24 weeks of gestation. SGA was defined
by birth weight less than the US sex-specific 10th percentile of weight for each week of gesta-
tion [27]. Mortality was determined using the recorded date of death and was any death that
the fetus or baby suffered, excluding elective abortions. Lastly, neonatal mortality was defined
as any death of a baby born after 24 weeks of gestation within the first 28 days of life. Births
with unknown outcomes were excluded from our analyses. All births before occurring before
24 weeks of gestation were dropped from the analysis.

HOLC maps and grade assignment

Shapefiles of HOLC maps were downloaded from the University of Richmond Virginia’s Map-
ping Inequality Project [28]. Maps from Los Angeles (LA), Oakland (OAK), and San Francisco
(SF), California were merged into one shapefile and overlaid onto geocoded addresses to
assign a HOLC grade to each birth. Births that that fell outside of categorized regions but
within the boundaries of a HOLC map were assigned a grade of ‘NG’ for “not graded”. All
births outside of the map boundaries were fully excluded from the analysis. See Fig 1 for more
information on exclusion criteria.

Areal apportionment of 1940s census tract data

Following Aaronson et al and Jacoby et al, we adjusted this analysis for 1940s census tract mea-
sures, as current measures likely mediate the relationship between 1940s measures and current
health [16, 29]. HOLC grades led to reduced home ownership and wealth-generating opportu-
nities in redlined and “yellow-lined” communities, which we hypothesize could subsequently
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All births in California from
2006-2015
N=4,910,822

Births outside of LA, OAK,
> and SF
N=3,283,608 (66.9% of total)

All births in LA, OAK, and SF
2006-2015
N=1,627,214

Births outside of HOLC-
= graded areas
N=877,463 (17.9% of total)

All births in HOLC-graded
areas eligible for PS analysis
N=749,751

Propensity scores outside of

> 1" and 99" percentiles or
missing 1940s data
N=98,491 (2.0% of total)

Final matched sample
N=651,260 (13.3% of total)
in B vs. A analysis: 109,532
in C vs. B analysis: 497,258
in D vs. C analysis: 541,728

Fig 1. Inclusion/exclusion criteria flow chart.

https://doi.org/10.1371/journal.pone.0237241.9001

lead to worse current birth outcomes. As such, present day variables would act as mediators
and therefore bias our results [30]. As the first HOLC maps were created beginning in 1935,
we chose to use 1940s-census measures which were publicly available from the Individual Pub-
lic Use Microdata Series (IPUMS) National Historical Geographic Information Systems data-
base [31]. Variables from the 1940s census that we included in our analyses were total number
of White, non-White, foreign-born White, Black, and employed residents, the number of peo-
ple per housing unit, number of total homes and homes needing major repairs, the number of
homes with and without refrigerators, radios, and heating, and the number of residents at dif-
ferent education levels. We additionally calculated population density by dividing the number
of residents within the 1940s census tract by the area of the 1940s census tract.
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HOLC maps of LA, OAK, and SF were intersected with 1940s census tract maps using the
rgeos package in R, with the goal of assigning 1940s census metrics to every HOLC-designated
neighborhood [32]. As the boundaries of the HOLC maps and 1940s census tract maps did not
overlap perfectly, we assigned 1940s metrics to the HOLC neighborhoods using areal appor-
tionment. The area of each 1940s census tract that overlapped any HOLC polygon was calcu-
lated, and subsequently, the proportion of the census tract area of overlap to the total HOLC
neighborhood area was calculated. This proportion was then used to weight the 1940s census
metrics. For example, if a HOLC neighborhood was intersected by two 1940s census tracts,
one comprising 20% of the total HOLC neighborhood area and the other 80%, the correspond-
ing 1940s census tract metrics were multiplied by the overlap proportion (0.2 and 0.8, respec-
tively), and then added together to create the areal-weighted census measure for that HOLC
neighborhood.

Propensity score matching

Following assignment of weighted 1940s census measures to HOLC polygons, we estimated
propensity scores using SuperLearner with mean models, generalized linear models, Bayesian
generalized linear models, multivariate adaptive regression splines, and generalized additive
model algorithms [33]. All 1940s census variables enumerated above were used as covariates.
We calculated three sets of propensity scores for the following comparisons: (1) propensity of
aneighborhood being grade B among grade A and B neighborhoods; (2) propensity of being
grade C among grade C and B neighborhoods; (3) propensity of being grade D among grade D
and C neighborhoods. We pursued this approach to avoid practical violations of the positivity
assumption (Fig 2A).

Once calculated, neighborhoods with propensity scores below the 1% percentile of the bet-
ter-graded group or above the 99™ percentile of the worse-graded group were excluded from
the analysis to avoid relying on extrapolation (Fig 1) [34]. This restricted sample formed the
basis of our primary analysis. Following exclusion of off-support or near-off-support geogra-
phies, we conducted full matching propensity score on the remaining full sample to construct
each pair of HOLC comparison groups. We used the R Package ‘MatchlIt’ to match the worse-
graded (treatment) neighborhoods to better-graded (control) neighborhoods based on full
matching with replacement [35]. Full matching is a flexible matching algorithm similar to sub-
classification with many subclasses in which each subclass has either 1) one “exposed” geogra-
phy and multiple “unexposed” geographies or 2) one “unexposed” geography and multiple
“exposed” geographies [36]. “Exposed” and “unexposed” HOLC grades are weighted depend-
ing on the number in each subclass. Control matches were required to be within 0.2 standard
deviations of the treatment neighborhood, with Mahalanobis-metric matching on the percent
of non-White residents and median home value. Control neighborhoods could be matched to
more than one treatment neighborhood, and treatment neighborhoods could be matched to
more than one control neighborhood. This produced HOLC-neighborhood propensity match-
ing weights for the B vs. A, C vs. B, and D vs. C comparisons, which were then assigned to each
birth in the dataset based on residential address. These weights were applied in the analyses
that follow.

Statistical analysis

All statistical analyses were conducted in R. Weighted post-matching comparisons of neigh-
borhood 1940s census metrics were made via weighted ¢-tests with the R package weights [37].
Logistic regression models were weighted using propensity score weights produced with
Matchlt and adjusted for the following areal-weighted 1940s metrics: median home value,
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https:/doi.org/10.1371/journal.pone.0237241.9002

percent of population employed, percent of radio ownership, and percent of non-white resi-
dents. Covariates that were not highly collinear based on Spearman’s rho (S1 Table) were
selected for model inclusion. As we produced three sets of matched propensity score weights
in order to compare grades B to A, C to B, and D to C, each odds ratio represents a different
logistic regression model including only the births occurring in the matched neighborhoods.
We subsequently conducted sensitivity analyses adjusting these models for maternal age, birth
year, and maternal parity (S2 Table).

Results

In total, 1,627,214 births occurring between 2006-2015 in the LA, OAK, and SF metropolitan
areas were screened for inclusion eligibility, 651,260 (40.0%) of which fell inside HOLC-graded
regions and were included in the final analysis. The proportion of births delivered by women
self-identifying as non-Hispanic (NH) Black and Hispanic was 5.1% and 12.1%, respectively,
in grade A neighborhoods and 8.9% and 67.2%, respectively, in grade D neighborhoods, while
the proportion of births delivered by women identifying as NH-Asian-Pacific Islander
(NH-API), NH-White, and NH-Other all decreased as HOLC grade worsened (Table 1).
Mean maternal age decreased as HOLC grade worsened from 33.8 (+5.2 years) to 29.1 (+6.3
years). Pregnant women in previously redlined neighborhoods were more likely to pay for
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Table 1. Socio-demographic and delivery characteristics of births by HOLC grade In San Francisco, Oakland and Los Angeles California.

Race of mother

Mean age of mother (years)
Hospital/clinic births
Payment type

Adequate care

Maternal Education

WIC Use

Metropolitan area

N =162,7214
Hispanic

NH API

NH Black
NH Other
NH White

Private
Medi-Cal
Other
OOP
Unknown
Yes

No HS D
HS only
Associate’s
Bachelor’s
Masters+
Unknown
Yes

Los Angeles
Oakland
SF

A (N =19,871) B (N =99,641) C (N = 399,770) D (N = 230,469) NG (N = 877,463) p-value
2403 (12.1%) 35777 (35.9%) 231036 (57.8%) 154770 (67.2%) 497396 (56.7%) <0.0001
4190 (21.1%) 18012 (18.1%) 55320 (13.8%) 22263 (9.7%) 158835 (18.1%)

1017 (5.1%) 7329 (7.4%) 34892 (8.7%) 20450 (8.9%) 40042 (4.6%)
980 (4.9%) 4051 (4.1%) 10724 (2.7%) 6017 (2.6%) 20177 (2.3%)
11281 (56.8%) 34472 (34.6%) 67798 (17.0%) 26969 (11.7%) 161013 (18.3%)
33.8(5.2) 31.2(6.2) 28.8 (6.4) 28.2 (6.5) 29.1 (6.3) <0.0001
19606 (98.7%) 98494 (98.8%) 397464 (99.4%) 229084 (99.4%) 874457 (99.7%) <0.0001
16874 (84.9%) 62326 (62.6%) 153563 (38.4%) 70980 (30.8%) 403558 (46.0%) <0.0001
1776 (8.9%) 32553 (32.7%) 228566 (57.2%) 150564 (65.3%) 414513 (47.2%)
363 (1.8%) 930 (0.9%) 5455 (1.4%) 4623 (2.0%) 20928 (2.4%)
806 (4.1%) 33598 (3.6%) 11216 (2.8%) 3690 (1.6%) 36411 (4.1%)
52 (0.3%) 234 (0.2%) 970 (0.2%) 611 (0.3%) 2051 (0.2%)
9028 (45.4%) 45292 (45.5%) 180806 (45.2%) 104080 (45.2%) 420509 (47.9%) <0.0001
402 (2.0) 13902 (14.0) 118432 (29.6) 84115 (36.5) 208252 (23.7) <0.001
3328 (16.7) 29982 (30.1) 154378 (38.6) 91104 (39.5) 354430 (40.4)
847 (4.3) 5119 (5.1) 17214 (4.3) 8296 (3.6) 48692 (5.5)
7613 (38.3) 27274 (27.4) 61010 (15.3) 25592 (11.1) 160773 (18.3)
7037 (35.4) 20458 (20.5) 37801 (9.5) 15630 (6.8) 86489 (9.9)
644 (3.2) 2906 (2.9) 10935 (2.7) 5732 (2.5) 18827 (2.1)
1883 (9.5) 33439 (33.6) 225625 (56.4) 146227 (63.4) 429656 (49.0) <0.0001
15331 (77.2) 74340 (74.6) 347234 (86.9) 186015 (80.7%) 832137 (94.8%)
3022 (15.2) 11409 (11.5) 29639 (7.4) 20127 (8.7%) 20687 (2.4%) <0.0001
1518 (7.6) 13892 (13.9) 22897 (5.7) 24327 (10.6%) 24639 (2.8%)

Abbreviations: API-Asian-Pacific Islander; NG-not graded; NH-non-Hispanic; Private-private insurance; SF-San Francisco; HS D-high school degree; HS-high school;

SF-San Francisco; hosp/clinic-hospital or clinic; OOP-out of pocket; Masters+-Masters degree or higher.

All births were included if parental residential address was within the boundaries of a HOLC security map. P-values were calculated via X*-tests for categorical variables

and ANOVA for continuous variables.

https://doi.org/10.1371/journal.pone.0237241.t001

delivery care with Medi-Cal (65.3%), receive the Special Supplemental Nutrition Program for
Women, Infants, and Children (WIC) (63.4%), and were less likely to have a bachelor’s degree
(11.1%) compared to those living in grade A neighborhoods (8.9%, 9.5%, and 38.3%, respec-
tively). Overall, the prevalence of preterm birth, SGA, and mortality were significantly higher
in Grade C and D neighborhoods compared to grade A neighborhoods, while the prevalence
of LBW varied more across HOLC grades (Fig 3).

Distributions of the propensity of being grade C or grade D overall are shown in Fig 2A,
along with distributions of propensity scores for the individual comparisons (B vs. A, C vs. B,
and D vs. C). Table 2 shows comparisons of 1940s census measures between the groups pre-
and post-propensity score matching. Prior to propensity score restriction and matching,
median home value and percent non-White residents significantly differed across all compari-
sons (B vs. A, Cvs. B, and D vs. C), along with other census measures. After propensity score
restriction and matching, no significant differences remained across any 1940s census mea-
sures in these three groups.

Odds ratios calculated from adjusted logistic regression using propensity score matching
weights (Table 3) revealed slightly increased odds of preterm birth and SGA in the C vs. B
comparison and slightly decreased odds of preterm birth, LBW, and SGA in the D vs. C com-
parison. Stratifying this analysis by metropolitan area (LA and OAK/SF) revealed area-specific
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Fig 3. Birth outcomes by HOLC grade.
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associations between HOLC grade and birth outcomes. Similar to the overall analysis, histori-
cal redlining (grade D) in Los Angeles was associated with lower odds of preterm birth, SGA,
and LBW compared to births in grade C neighborhoods (Table 3). For births in the OAK/SF

Table 2. Mean differences of 1940s areal-weighted census metrics pre-and-post propensity score matching.

Pre-PS Match

Post-PS Match

Bvs. A Cvs.B Dvs.C Bvs. A Cvs.B Dvs.C
MHV -2.3(-3.0,-1.5) -1.3(-1.6,-0.9) -1.1 (-1.4,0.8) 0.0 (-0.6, 0.5) 0.2 (-0.1,0.5) 0.0 (-0.3,0.3)
% Major Repairs 1.0 (-0.1, 2.0) 0.8 (0.0, 1.5) 3.4 (1.8,5.0) -0.2 (-1.0, 0.7) 0.6 (-0.2, 1.4) 1.1 (-0.4, 2.5)
% HS Educated -7.5(-15.6, 0.6) -0.5(-7.0,5.9) 2.2(-3.7,8.1) 0.6 (-4.8,6.1) 0.4 (-3.7,4.5) 2.8 (-5.1, 10.6)
% Non-white -1.0 (-1.6, -0.5) 0.4 (0.0, 0.7) 3.4 (1.7, 5.0) 0.0 (-0.4, 0.4) 0.0 (-0.4, 0.4) -0.4 (-2.2, 1.5)
% Employed -22.4 (-36.4,-8.4) -2.5(-7.8,2.8) -0.4 (-6.4,5.6) 0.7 (-4.9,6.4) 0.3 (-3.9, 4.6) 1.5(-4.4,7.3)
% Radio Ownership 3.5 (0.4, 6.6) -0.2 (-1.9, 1.4) -2.8 (-4.8,-0.8) -0.2 (-4.0, 3.5) -1.6 (-3.9, 0.6) 0.4 (-4.3,5.2)
% Refrigerator Ownership 12.9 (-0.4, 26.1) -1.7 (-13.1,9.6) 6.5 (-14.4,27.3) -0.7 (-2.3,0.8) 1.3(0.4,2.2) 0.3 (-0.4,1.1)
Abbreviations: MHV-median home value; HS-high school; PS-Propensity Score.
https:/doi.org/10.1371/journal.pone.0237241.1002
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Table 3. Odds ratios of birth outcomes across multiple comparisons and cities following propensity score

matching.
Bvs. A Cvs.B Dvs.C
OR (95% CI) OR (95% CI) OR (95% CI)
All births Preterm birth 1.02 (0.94, 1.10) 1.02 (1.00, 1.05) 0.93 (0.91, 0.95)
LBW 0.90 (0.82, 0.98) 1.02 (0.99, 1.06) 0.94 (0.92, 0.97)
SGA 0.94 (0.88, 1.01) 1.03 (1.00, 1.05) 0.94 (0.92, 0.96)
Mortality 0.69 (0.41, 1.16) 1.13 (0.92, 1.40) 1.08 (0.91, 1.28)
LA only Preterm birth 1.02 (0.94, 1.11) 1.03 (1.00, 1.06) 0.94 (0.91, 0.97)
LBW 0.87 (0.80, 0.96) 1.01 (0.98, 1.04) 0.95 (0.92, 0.98)
SGA 0.94 (0.88, 1.01) 0.98 (0.96,1.01) 0.95 (0.93, 0.98)
Mortality 0.64 (0.37, 1.12) 1.04 (0.82, 1.31) 1.07 (0.86, 1.32)
SF-OAK only Preterm birth 1.00 (0.74, 1.34) 1.10(1.01, 1.19) 1.02 (0.96, 1.09)
LBW 0.97 (0.69, 1.36) 1.09 (1.00, 1.20) 0.96 (0.89, 1.03)
SGA 0.90 (0.70, 1.15) 1.04 (0.97, 1.12) 1.04 (0.98, 1.09)
Mortality 1.51 (0.10, 23.8) 1.49 (0.82,2.72) 1.19(0.77, 1.85)

Abbreviations: OR-odds ratio; CI-confidence interval; LA-Los Angeles metropolitan area; Mortality-perinatal
mortality; SF-OAK-San Francisco-Oakland metropolitan area.
All models were adjusted for 1940s median home values, percent employed residents, percent non-white residents,

and percent with radio ownerships.

https://doi.org/10.1371/journal.pone.0237241.1003

metropolitan area, grade C was associated with increased odds of preterm birth and LBW

(Table 3) compared to grade B; no significant associations were found between grade D and C in
OAK/SF. Sensitivity analysis adjusting for maternal covariates of maternal age, parity, and year of
birth did not significantly alter results (S2 Table). Analyses also revealed associations in the grade
C versus B comparison for very preterm birth, very LBW, and NND (S3 Table) and reduced odds
for very preterm in the grade D versus C comparison. Lastly, analyses of birth outcomes by mater-
nal race and HOLC grade is shown in 54 Table, and unrestricted analysis in S5 Table.

Discussion

At a time when the American economy was recovering in the aftermath of the Great Depres-
sion, HOLC, along with other federal, state, and local government entities, embraced policies
that reinforced and perpetuated racial residential segregation. The effects of these discrimina-
tory policies may linger and influence the socioeconomic and structural landscapes of neigh-
borhoods today [38]. We sought to assess if investment grades assigned by HOLC Security
maps, tools created for cities across the country that designated investment risk, in-part, as a
function of neighborhood racial demographics in the 1930s and 1940s, are associated with cur-
rent adverse birth outcomes across a ten year period (2006-2015) in San Francisco, Oakland
and Los Angeles, California. This paper makes three key contributions to the literature: (1) We
found overall elevated odds of adverse birth outcomes in neighborhoods graded as higher
investment risks by HOLC Security Maps. (2) By employing propensity score matching

of HOLC-graded neighborhoods based on 1940 Census metrics, we found evidence that

being assigned a grade C, deemed “definitely declining” by appraisers, compared to B, was
associated with increased odds of preterm birth, SGA, and LBW suggesting a potential adverse
effect of “yellow-lining” [16]. (3) We also found slightly lower odds of preterm birth, LBW,
and SGA when comparing redlined neighborhoods (Grade D) to “yellow-lined”(Grade C)
neighborhoods.
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To our knowledge, this is the first study to examine relationships between historical redlin-
ing and current patterns of adverse birth outcomes in California. In a recent study, Krieger
et al. found increased odds of preterm birth among 528,096 births in New York City between
2013 and 2017 in historically redlined areas compared to the best-graded areas, though this
association was statistically insignificant after adjusting for present-day racialized economic
segregation [24]. Though we similarly found higher odds of preterm birth in grade ‘C’ neigh-
borhoods, several key differences between our analyses hamper study comparisons. First, we
used propensity score methods to compare adjacent HOLC grades as opposed to using births
in grade ‘A’ neighborhoods as the reference group, as done by Krieger et al. Second, we
adjusted for 1930s Census demographics, while Krieger et al. adjusted models for contempo-
rary census tract-level and individual-level measures. We chose not to adjust for present-day
factors as they likely represent mediators in the model.

Other studies have examined the birth outcome effects of modern forms of redlining. For
example, in a study in Philadelphia, Mendez et al defined redlined neighborhoods as those
where Black applicants were more likely to be denied mortgages compared to White applicants
between 1999 and 2004, and found similarly reduced odds of preterm birth in redlined areas,
specifically among Black women [39]. We found similarly reduced odds of preterm birth
along with SGA and LBW when comparing births in historically redlined neighborhoods com-
pared to yellow-lined neighborhoods, an effect that was most predominant among Hispanic
women and non-Hispanic White women. The association of historical redlining with several
other health outcomes have been shown in other studies; our prior work found a 39% increase
in asthma emergency department visit rates in redlined California census tracts compared to
grade A census tracts [19]. Other studies have identified relationships between historical red-
lining and current foreclosures on one hand, and self-rated health on the other in Detroit,
Michigan as well as tuberculosis cases in Austin, Texas in the 1950s [20, 21].

Although the directionality of the relationships we identified between historical redlining
and birth outcomes overall coincide with prior studies, application of propensity score meth-
ods on 1940s Census measures yielded mixed findings. Furthermore, our approach differs
from prior HOLC-health studies by only comparing health outcomes in neighborhoods that
were most similar when Security Maps were created. Restricting our propensity score analysis
by eliminating births occurring in HOLC neighborhoods with propensity scores below the 1%
percentile of the better-graded neighborhoods and above 99™ percentile of the worse-graded
neighborhoods reduced our sample size and thus restricted the geographic generalizability of
our results. Analyses of unrestricted data (no percentile-based exclusion), though subject to
bias, resulted in findings of similar directionality with an increased strength of association.
Though the propensity score-restricted findings reduce generalizability, they reduce bias by
not making comparisons beyond what the data can support.

Aaronson et al also applied propensity score methods with D vs. C and C vs. B comparisons
in their study of the effect of HOLC grades over time on home value, credit score, home own-
ership, and racial segregation trajectories, although with many differences [16]. Nonetheless,
our study builds on their prior work and suggests that, given the pre-existing differences in
neighborhoods when Security Maps were created, future analyses should consider these con-
founders if attempting to make causal inference. In other words, direct comparison of grade D
to grade A and B places, though important in identifying current health and resource dispari-
ties across cities, may not accurately reveal the extent to which historical redlining shaped such
disparities. Multiple studies have also identified associations between racial residential segrega-
tion and poor birth outcomes across the United States [40, 41]. A 2016 meta-analysis that
assessed the relationship between five measures of segregation and birth outcomes found that
black mothers living in communities designated as segregated by at least four of five metrics
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had significantly elevated risks of preterm birth and LBW, but that effect estimates differed
across segregation metrics [42].

In conjunction with segregation, other neighborhood-level socioeconomic factors, environ-
mental factors, and novel indicators of structural racism that resulted from redlining patterns
are also associated with preterm birth and LBW disparities [43-46]. Redlining and “yellow-lin-
ing” reduced subsequent home ownership rates and home value appreciation, factors associ-
ated with current poverty, and thus likely contribute to the current racial wealth gap in the
United States [15, 16, 47]. Limited access to retail services like supermarkets in previously red-
lined and yellow-lined neighborhoods may also contribute to the relationships we identified
[48-50]. Elevated and chronic exposure to psychosocial stressors in previously these neighbor-
hoods may also predispose individuals to poor birth outcomes [4, 51]. Jacoby et al identified a
stepwise-association between recent firearm assaults and HOLC grade in Philadelphia, sug-
gesting that places assigned worse HOLC grades have higher present day crime rates [29].
Coupling crime to birth outcomes, Matoba et al found that preterm birth, LBW, and SGA
occurred more frequently over a 5-year period in Chicago neighborhoods where firearm
assault was more frequent and found that these outcomes were more frequent among non-
Hispanic black women regardless of violence tertile, which the authors attributed to other seg-
regation-associated stressors [52].

We found significantly lower odds of preterm birth, LBW, and SGA in the grade D versus
grade C comparison, findings that were robust to additional sensitivity analyses. This is possi-
bly a by-product of increased social cohesion and resilience in previously redlined places com-
pared to yellow-lined places. The evidence linking birth outcomes to living in ethnic enclaves
is mixed, though health benefits of living in such places are typically attributed to enhanced
social ties and support [53-55]. Gentrification, a process occurring in many previously red-
lined places, may affect our results by disrupting social networks and fostering higher-stress
environments, though evidence for this is mixed [56-61]. Evidence of the benefits of social
cohesion and resilience on birth outcomes is mixed, though one study in Los Angeles found
that low resilience, measured by validated self-esteem and empowerment questionnaires, was
associated with a 12% increased risk of preterm birth [62-65]. On the other hand, though we
found that “yellow-lining” was associated with higher odds of preterm birth and SGA com-
pared to grade B neighborhoods, the lack of a similar relationship between grades D and C
neighborhoods could potentially be explained by different spatial and demographic distribu-
tion of segregation between these grades [66].

Our metropolitan area stratification also revealed unique area-specific results; although
odds of preterm birth, LBW, and SGA were similarly reduced in LA, findings from OAK-SF
do not follow the same pattern. This further demonstrates the need to assess the legacy of
HOLC Security Maps regionally, as differences in federal appraisal practices and local practices
may explain this divergence [67]. This result may be partially due to differences in demograph-
ics across the two metropolitan areas. The majority of births were to Hispanic mothers in pre-
viously redlined (73.1%) and yellow-lined (63.3%) neighborhoods of LA, significantly higher
than in the OAK-SF area (37.4% and 22.8% respectively).

A limitation of our study is the possibility of selection bias introduced by the limited spatial
coverage of HOLC maps; births occurring outside of graded areas but within the confines of
the redlining maps were excluded from this study. As these neighborhoods were not graded by
HOLC appraisers, the structural and socioeconomic development of these places are not likely
comparable to those that received a HOLC grade [16]. As such, our findings are only generaliz-
able to people living within neighborhoods that received a HOLC grade and did not have out-
lier propensity scores in California. From 2006 through 2015, births that occurred in places
receiving a HOLC grade accounted for just 17.8% of total births. Although we had birth
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outcome data from across California, including redlined cities such as Fresno, Sacramento,
San Diego, San Jose, and Stockton, 1940s census tract level data for these other areas was not
publicly available, and therefore, births from these places were excluded, limiting
generalizability.

Another limitation of our analysis is the lack of dataset identifiers to account for births
delivered by the same parent over time. We used address at the time of birth to assign births to
neighborhoods, however the length of time that each individual lived at that address is
unknown. Length of residence in historically redlined or yellow-lined places may be a more
relevant exposure metric for birth outcomes. Considering residence only at the time of birth
discounts the potential effect of residence in a redlined neighborhood of the life course, includ-
ing, for example, effects on maternal lifetime stress, which could influence birth outcomes
[68]. On the other hand, mobility during pregnancy is itself a risk factor for adverse birth out-
comes, and may have been impacted by processes displacement [69]. Additionally, we evalu-
ated multiple birth outcomes and HOLC grade comparisons, which potentially increased the
probability of Type I error. Finally, pregnant individuals comprising the categories “Black”
“Hispanic” and “Asian” are heterogeneous, comprised of many subgroups (e.g., Mexican,
Puerto Rican), and therefore, we may be missing important sub-group specific effects.

Our analysis differs from prior HOLC-related health studies in terms of population, sample
size, and methodology: our study population a longer study period (10 years) and a larger sam-
ple size compared to previous redlining studies. We applied propensity score matching to
enhance the robustness of our results by only comparing health outcomes in neighborhoods
that were most similar when Security Maps were created.

Conclusion

Achieving health equity across racial/ethnic and class lines require better understanding of
how historically discriminatory policies, such as redlining, continue to shape current patterns
of health disparities across the United States. Our findings indicate that births in “yellow-
lined” neighborhoods deemed “Definitely Declining” places for investment in the 1930s and
40s have increased odds of preterm birth, LBW, and SGA, compared to grade “B” neighbor-
hoods, while redlined neighborhoods have lower odds of these outcomes compared to grade
“C” neighborhoods. Future studies on the current health effects of historical redlining should
expand the geographic scope of analysis and apply rigorous approaches to address unmeasured
confounding, such propensity scoring methods, to address challenges with model extrapola-
tion and bias.

Supporting information

S1 Table. Spearman’s correlation coefficient matrix of 1940s areal apportioned covariates
across all births. Abbreviations: MHV-median home value; %HS Educated-percentage of resi-
dents who completed high school, some college, or all of college; %-percent. All correlation
coefficients were statistically significant (p<0.05).

(DOCX)

S2 Table. Propensity score matched analysis odds ratio sensitivity analysis. Model 1 was
adjusted for MHV, % employed, %non-white, and % with radio ownership; Model 2 was addi-
tionally adjusted for maternal age, parity, and birth year.

(DOCX)

S3 Table. Propensity score matched analysis including very preterm (<32 weeks), very low
birth weight (<1500 grams), and neonatal death. Abbreviations: VPT-very preterm; VLBW-

PLOS ONE | https://doi.org/10.1371/journal.pone.0237241  August 7, 2020 13/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237241.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237241.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237241.s003
https://doi.org/10.1371/journal.pone.0237241

PLOS ONE

Historical redlining and birth outcomes, 2006 through 2015, in California

very low birth weight; NND-neonatal death; OR-odds ratio; CI-confidence interval. Odds
ratios were derived from propensity score matched analysis.
(DOCX)

S4 Table. Odds of birth outcomes by HOLC grade comparison and maternal race. Models
were adjusted for 1940s median home value, percent of employed population, percent non-
white and foreign born white residents, and percent of homes reporting radio ownership.
(DOCX)

S5 Table. Odds ratios for birth outcomes in SF, OAK and LA from unrestricted analysis.
Abbreviations: LA-Los Angeles; OAK-Oakland; SF-San Francisco; PTB-preterm birth; LBW-
low birth weight; SGA-small for gestational age; PM-perinatal mortality; OR-odds ratio; CI-
confidence interval.

(DOCX)

S6 Table. Maternal race by HOLC grade and metropolitan area. Abbreviations: N-number;
%-percentage; NH-non-Hispanic.
(DOCX)

S7 Table. 1940s areal weighted census tract metrics by HOLC grade. Abbreviations: N-
number; %-percentage; IQR-interquartile range; SD-standard deviation.
(DOCX)

Acknowledgments

The authors would like to thank the members of the Sustainability and Health Equity (S/HE)
Lab, specifically Kathy Tran for technical and data management support and Dr. Lara Cushing
for methodological critique that improved the statistical analysis of this study.

Author Contributions
Conceptualization: Anthony L. Nardone, Rachel Morello-Frosch.
Data curation: Anthony L. Nardone, Rachel Morello-Frosch.

Formal analysis: Anthony L. Nardone, Joan A. Casey, Kara E. Rudolph, Rachel Morello-
Frosch.

Funding acquisition: Rachel Morello-Frosch.
Investigation: Anthony L. Nardone, Joan A. Casey, Rachel Morello-Frosch.

Methodology: Anthony L. Nardone, Joan A. Casey, Kara E. Rudolph, Deborah Karasek,
Mahasin Mujahid, Rachel Morello-Frosch.

Project administration: Anthony L. Nardone, Rachel Morello-Frosch.

Resources: Rachel Morello-Frosch.

Software: Anthony L. Nardone, Joan A. Casey, Kara E. Rudolph, Rachel Morello-Frosch.
Supervision: Joan A. Casey, Rachel Morello-Frosch.

Validation: Joan A. Casey, Deborah Karasek, Mahasin Mujahid, Rachel Morello-Frosch.

Visualization: Anthony L. Nardone, Joan A. Casey, Kara E. Rudolph, Deborah Karasek,
Rachel Morello-Frosch.

Writing - original draft: Anthony L. Nardone.

PLOS ONE | https://doi.org/10.1371/journal.pone.0237241  August 7, 2020 14/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237241.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237241.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237241.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237241.s007
https://doi.org/10.1371/journal.pone.0237241

PLOS ONE

Historical redlining and birth outcomes, 2006 through 2015, in California

Writing - review & editing: Joan A. Casey, Kara E. Rudolph, Deborah Karasek, Mahasin
Mujahid, Rachel Morello-Frosch.

References

1.

10.

1.
12.

13.

14.

15.

16.

17.

18.

19.

20.

The World Bank. Current health expenditure per capita (current US$) [Internet]. [cited 2020 Jan 12].
Available from: https://data.worldbank.org/indicator/SH.XPD.CHEX.PC.CD?most_recent_value_
desc=true

Martin JA, Hamilton BE, Osterman MJK, Driscoll AK. Births: Final Data for 2018. Natl Vital Stat Reports
[Internet]. 2019 [cited 2019 Dec 28]; 68:7, 8. Available from: https://www.cdc.gov/nchs/products/index.
htm.

MacDorman MF, Gregory ECW. Fetal and Perinatal Mortality: United States, 2013. Natl Vital Stat Rep
[Internet]. 2015 [cited 2019 Dec 28]; 64:1-24. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
26222771

Burris HH, Hacker MR. Birth outcome racial disparities: A result of intersecting social and environmental
factors. Semin Perinatol [Internet]. 2017 [cited 2019 Dec 20]; 41:360-6. Available from: https://doi.org/
10.10583/j.semperi.2017.07.002 PMID: 28818300

Casey J, James P, Cushing L, Jesdale B, Morello-Frosch R. Race, Ethnicity, Income Concentration and
10-Year Change in Urban Greenness in the United States. Int J Environ Res Public Health [Internet].
Multidisciplinary Digital Publishing Institute; 2017 [cited 2019 Nov 4]; 14:1546. Available from: http://
www.mdpi.com/1660-4601/14/12/1546

Rothstein R. The Color of Law. Liveright Publishing Corporation; 2017.

Krieger N. Theories for social epidemiology in the 21st century: an ecosocial perspective. Int J Epide-
miol [Internet]. Oxford University Press; 2001 [cited 2019 Feb 16]; 30:668—77. Available from: https://
academic.oup.com/ije/article-lookup/doi/10.1093/ije/30.4.668 PMID: 11511581

Kramer MR, Black NC, Matthews SA, James SA. Population Health The legacy of slavery and contem-
porary declines in heart disease mortality in the U. S. South. SSM—Popul Heal [Internet]. Elsevier;
2017; 3:609—17. Available from: https://doi.org/10.1016/j.ssmph.2017.07.004

Esenwa C, llunga Tshiswaka D, Gebregziabher M, Ovbiagele B. Historical Slavery and Modern-Day
Stroke Mortality in the United States Stroke Belt. Stroke [Internet]. Lippincott Williams & WilkinsHagers-
town, MD; 2018 [cited 2019 Apr 13]; 49:465-9. Available from: https://www.ahajournals.org/doi/10.
1161/STROKEAHA.117.020169 PMID: 29335332

Jackson KT. Crabgrass Frontier: The Suburbanization of the United States [Internet]. New York:
Oxford University Press; 1985 [cited 2019 May 13]. Available from: https://books.google.com/books?
hl=en&Ir=&id=pqRoAgAAQBAJ&oi=fnd&pg=PP1&dg=crabgrass+frontier&ots=__6XzTsABe&sig=
Zhb8UKSDBjecwBrunwGmE1RGVVo#v=onepage&q=crabgrass frontier&f=false

Hillier AMYE. Redlining and the Homeowners ‘ Loan Corporation. 2003; 29:394—420.

Greer J. The home owners’ loan corporation and the development of the residential security maps. J
Urban Hist. 2013; 39:275-96.

Hillier AE. Who received loans? Home owners’ loan corporation lending and discrimination in philadel-
phia in the 1930s. J Plan Hist. 2003; 2:3-24.

Michney TM, Winling L. New Perspectives on New Deal Housing Policy: Explicating and Mapping
HOLC Loans to African Americans. J Urban Hist. 2019;1-31.

Mitchell B, Franco J. HOLC and “Redlining” Maps: The persistent structure of segregation and eco-
nomic inequality [Internet]. 2018. Available from: https://ncrc.org/wp-content/uploads/dim_uploads/
2018/02/NCRC-Research-HOLC-10.pdf

Aaronson D, Hartley D, Mazumder B. The Effects of the 1930s “Redlining” Maps. 2019.

Hoffman JS, Shandas V, Pendleton N. The Effects of Historical Housing Policies on Resident Exposure
to Intra-Urban Heat: A study of 108 Urban Areas. Climate. 2020; 8.

Namin S, Xu W, Zhou Y, Beyer K. The legacy of the Home Owners’ Loan Corporation and the political
ecology of urban trees and air pollution in the United States. Soc Sci Med. 2020; 246.

Nardone A, Casey J, Morello-Frosch R, Mujahid MS, Balmes J, Thakur N. Associations between histori-
cal residential redlining and current age-adjusted asthma emergency department-visit rates across
eight cities of California: an ecological study. Lancet Planet Heal. 2020;

Huggins J. A Cartographic Perspective on the Correlation Between Redlining and Public Health in Aus-
tin, Texas—1951. Cityscape [Internet]. 2017 [cited 2019 Apr 13]; 19:267—-80. Available from: https://
www-jstor-org.ucsf.idm.oclc.org/stable/263283407seq=5#metadata_info_tab_contents

PLOS ONE | https://doi.org/10.1371/journal.pone.0237241  August 7, 2020 15/18


https://data.worldbank.org/indicator/SH.XPD.CHEX.PC.CD?most_recent_value_desc=true
https://data.worldbank.org/indicator/SH.XPD.CHEX.PC.CD?most_recent_value_desc=true
https://www.cdc.gov/nchs/products/index.htm
https://www.cdc.gov/nchs/products/index.htm
http://www.ncbi.nlm.nih.gov/pubmed/26222771
http://www.ncbi.nlm.nih.gov/pubmed/26222771
https://doi.org/10.1053/j.semperi.2017.07.002
https://doi.org/10.1053/j.semperi.2017.07.002
http://www.ncbi.nlm.nih.gov/pubmed/28818300
http://www.mdpi.com/1660-4601/14/12/1546
http://www.mdpi.com/1660-4601/14/12/1546
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/30.4.668
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/30.4.668
http://www.ncbi.nlm.nih.gov/pubmed/11511581
https://doi.org/10.1016/j.ssmph.2017.07.004
https://www.ahajournals.org/doi/10.1161/STROKEAHA.117.020169
https://www.ahajournals.org/doi/10.1161/STROKEAHA.117.020169
http://www.ncbi.nlm.nih.gov/pubmed/29335332
https://books.google.com/books?hl=en&lr=&id=pqRoAgAAQBAJ&oi=fnd&pg=PP1&dq=crabgrass+frontier&ots=__6XzTsABe&sig=Zhb8UKSDBjecwBrunwGmE1RGVVo#v=onepage&q=crabgrass frontier&f=false
https://books.google.com/books?hl=en&lr=&id=pqRoAgAAQBAJ&oi=fnd&pg=PP1&dq=crabgrass+frontier&ots=__6XzTsABe&sig=Zhb8UKSDBjecwBrunwGmE1RGVVo#v=onepage&q=crabgrass frontier&f=false
https://books.google.com/books?hl=en&lr=&id=pqRoAgAAQBAJ&oi=fnd&pg=PP1&dq=crabgrass+frontier&ots=__6XzTsABe&sig=Zhb8UKSDBjecwBrunwGmE1RGVVo#v=onepage&q=crabgrass frontier&f=false
https://ncrc.org/wp-content/uploads/dlm_uploads/2018/02/NCRC-Research-HOLC-10.pdf
https://ncrc.org/wp-content/uploads/dlm_uploads/2018/02/NCRC-Research-HOLC-10.pdf
https://www-jstor-org.ucsf.idm.oclc.org/stable/26328340?seq=5#metadata_info_tab_contents
https://www-jstor-org.ucsf.idm.oclc.org/stable/26328340?seq=5#metadata_info_tab_contents
https://doi.org/10.1371/journal.pone.0237241

PLOS ONE

Historical redlining and birth outcomes, 2006 through 2015, in California

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

McClure E, Feinstein L, Cordoba E, Douglas C, Emch M, Robinson W, et al. The legacy of redlining in
the effect of foreclosures on Detroit residents’ self-rated health. Heal Place [Internet]. Elsevier Ltd;
2018; 55:9—19. Available from: https://doi.org/10.1016/j.healthplace.2018.10.004

Krieger N, Wright E, Chen JT, Waterman PD, Huntley ER, Arcaya M. Cancer Stage at Diagnosis, His-
torical Redlining, and Current Neighborhood Characteristics: Breast, Cervical, Lung, and Colorectal
Cancer, Massachusetts, 2001—2015. Am J Epidemiol [Internet]. 2020 [cited 2020 May 17]; Available
from: https://academic.oup.com/aje/advance-article/doi/10.1093/aje/kwaa045/5812653

Krieger N. Methods for the scientific study of discrimination and health: An ecosocial approach. Am J
Public Health. 2012; 102:936-45. https://doi.org/10.2105/AJPH.2011.300544 PMID: 22420803

Krieger N, Van Wye G, Huynh M, Waterman PD, Maduro G, Li W, et al. Structural Racism, Historical
Redlining, and Risk of Preterm Birth in New York City, 2013—2017. Am J Public Health [Internet]. Ameri-
can Public Health Association; 2020 [cited 2020 Jun 29]; 110:1046-53. Available from: https://ajph.
aphapublications.org/doi/full/10.2105/AJPH.2020.305656 PMID: 32437270

Nardone A, Neophytou AM, Balmes J, Thakur N. Ambient Air Pollution and Asthma-Related Outcomes
in Children of Color of the USA: a Scoping Review of Literature Published Between 2013 and 2017.
Curr Allergy Asthma Rep [Internet]. 2018 [cited 2019 May 28]; 18:29. Available from: http:/link.springer.
com/10.1007/s11882-018-0782-x PMID: 29663154

Federal Housing Administration. Underwriting Manual. 1936;226—8. Available from: https://books.
google.com/books?id=aoJLAAAAYAAJ&pg=PT191&dq=%22Underwriting+Manual%22+protection
+from+adverse+influences&hl=en&sa=X&ved=0ahUKEwjRvuz1357aAhWQ80oMKHU74CeMQ6AEIK
TAA#v=0nepage&q=%22Underwriting Manual%?22 protection from adverse influences&f=fal

Talge NM, Mudd LM, Sikorskii A, Basso O. United States birth weight reference corrected for implausi-
ble gestational age estimates. Pediatrics [Internet]. American Academy of Pediatrics; 2014 [cited 2020
Jan 12]; 133:844-53. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24777216 PMID: 24777216

Nelson RK, Winling L, Marciano R, Connolly N, Ayers EL. Mapping Inequality [Internet]. Am. Panor.
2019 [cited 2018 Mar 13]. Available from: https://dsl.richmond.edu/panorama/redlining/#loc=14/37.
7791/-122.4259&0opacity=0.96&city=san-francisco-ca&sort=20&area=D3&text=intro

Jacoby SF, Dong B, Beard JH, Wiebe DJ, Morrison CN. The enduring impact of historical and structural
racism on urban violence in Philadelphia. Soc Sci Med [Internet]. Elsevier Ltd; 2018; 199:87-95. Avail-
able from: https://doi.org/10.1016/j.socscimed.2017.05.038 PMID: 28579093

Schisterman EF, Cole SR, Platt RW. Overadjustment Bias and Unnecessary Adjustment in Epidemio-
logic Studies. Epidemiology. 2009; 20:488-95. https://doi.org/10.1097/EDE.Ob013e3181a819a1 PMID:
19525685

Manson S, Schroeder J, Van Riper D, Ruggles S. IPUMS National Historical Geographic Information
System: Version 14.0 [Database. 2019.

Bivand R, Rundel C, Pebesma E, Stuetz R, Ove Hufthammer K, Giraudoux P, et al. Interface to Geome-
try Engine-Open Source (GEOS’) [Internet]. 2019 [cited 2019 Dec 28]. Available from: http://trac.
0sgeo.org/geos/;

van der Laan MJ, Polley EC, Hubbard AE. Super Learner. 2007. Report No.: 222.

Sturmer T, Rothman K, Avorn J, Glynn R. Treatment effects in the presence of unmeasured confound-
ing: dealing with observations in the tails of the propensity score distribution—a simulation study. Am J
Epidemiol. 2010; 172:843-54. https://doi.org/10.1093/aje/kwq198 PMID: 20716704

Ho DE, Imai K, King G, Stuart EA. Matchlt: Nonparametric Preprocessing for Parametric Causal Infer-
ence [Internet]. JSS J. Stat. Softw. 2011. Available from: http://www.jstatsoft.org/

Stuart EA, Green KM. Using Full Matching to Estimate Causal Effects in Nonexperimental Studies:
Examining the Relationship Between Adolescent Marijuana Use and Adult Outcomes. Dev Psychol
[Internet]. NIH Public Access; 2008 [cited 2020 Jul 20]; 44:395. Available from: https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC5784842/ PMID: 18331131

Pasek J. Weighting and Weighted Statistics Package [Internet]. 2018. Available from: https://cran.r-
project.org/web/packages/weights/weights.pdf

Massey DS, Denton NA. American apartheid: segregation and the making of the underclass [Internet].
Harvard University Press; 1993 [cited 2018 Nov 26]. Available from: http://www.hup.harvard.edu/
catalog.php?isbn=9780674018211

Mendez DD, Hogan VK, Culhane JF. Institutional racism, neighborhood factors, stress, and preterm
birth. Ethn Health [Internet]. Routledge; 2014 [cited 2019 Dec 20]; 19:479-99. Available from: http:/
www.tandfonline.com/doi/abs/10.1080/13557858.2013.846300 PMID: 24134165

Salow AD, Pool LR, Grobman WA, Kershaw KN. Associations of neighborhood-level racial residential
segregation with adverse pregnancy outcomes. [cited 2019 Dec 22]; Available from: https://doi.org/10.
1016/j.ajog.2018.01.022

PLOS ONE | https://doi.org/10.1371/journal.pone.0237241  August 7, 2020 16/18


https://doi.org/10.1016/j.healthplace.2018.10.004
https://academic.oup.com/aje/advance-article/doi/10.1093/aje/kwaa045/5812653
https://doi.org/10.2105/AJPH.2011.300544
http://www.ncbi.nlm.nih.gov/pubmed/22420803
https://ajph.aphapublications.org/doi/full/10.2105/AJPH.2020.305656
https://ajph.aphapublications.org/doi/full/10.2105/AJPH.2020.305656
http://www.ncbi.nlm.nih.gov/pubmed/32437270
http://link.springer.com/10.1007/s11882-018-0782-x
http://link.springer.com/10.1007/s11882-018-0782-x
http://www.ncbi.nlm.nih.gov/pubmed/29663154
https://books.google.com/books?id=aoJLAAAAYAAJ&pg=PT191&dq=%22Underwriting+Manual%22+protection+from+adverse+influences&hl=en&sa=X&ved=0ahUKEwjRvuz1357aAhWQ8oMKHU74CeMQ6AEIKTAA#v=onepage&q=%22Underwriting Manual%22 protection from adverse influences&f=fal
https://books.google.com/books?id=aoJLAAAAYAAJ&pg=PT191&dq=%22Underwriting+Manual%22+protection+from+adverse+influences&hl=en&sa=X&ved=0ahUKEwjRvuz1357aAhWQ8oMKHU74CeMQ6AEIKTAA#v=onepage&q=%22Underwriting Manual%22 protection from adverse influences&f=fal
https://books.google.com/books?id=aoJLAAAAYAAJ&pg=PT191&dq=%22Underwriting+Manual%22+protection+from+adverse+influences&hl=en&sa=X&ved=0ahUKEwjRvuz1357aAhWQ8oMKHU74CeMQ6AEIKTAA#v=onepage&q=%22Underwriting Manual%22 protection from adverse influences&f=fal
https://books.google.com/books?id=aoJLAAAAYAAJ&pg=PT191&dq=%22Underwriting+Manual%22+protection+from+adverse+influences&hl=en&sa=X&ved=0ahUKEwjRvuz1357aAhWQ8oMKHU74CeMQ6AEIKTAA#v=onepage&q=%22Underwriting Manual%22 protection from adverse influences&f=fal
http://www.ncbi.nlm.nih.gov/pubmed/24777216
http://www.ncbi.nlm.nih.gov/pubmed/24777216
https://dsl.richmond.edu/panorama/redlining/#loc=14/37.7791/-122.4259&opacity=0.96&city=san-francisco-ca&sort=20&area=D3&text=intro
https://dsl.richmond.edu/panorama/redlining/#loc=14/37.7791/-122.4259&opacity=0.96&city=san-francisco-ca&sort=20&area=D3&text=intro
https://doi.org/10.1016/j.socscimed.2017.05.038
http://www.ncbi.nlm.nih.gov/pubmed/28579093
https://doi.org/10.1097/EDE.0b013e3181a819a1
http://www.ncbi.nlm.nih.gov/pubmed/19525685
http://trac.osgeo.org/geos/
http://trac.osgeo.org/geos/
https://doi.org/10.1093/aje/kwq198
http://www.ncbi.nlm.nih.gov/pubmed/20716704
http://www.jstatsoft.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5784842/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5784842/
http://www.ncbi.nlm.nih.gov/pubmed/18331131
https://cran.r-project.org/web/packages/weights/weights.pdf
https://cran.r-project.org/web/packages/weights/weights.pdf
http://www.hup.harvard.edu/catalog.php?isbn=9780674018211
http://www.hup.harvard.edu/catalog.php?isbn=9780674018211
http://www.tandfonline.com/doi/abs/10.1080/13557858.2013.846300
http://www.tandfonline.com/doi/abs/10.1080/13557858.2013.846300
http://www.ncbi.nlm.nih.gov/pubmed/24134165
https://doi.org/10.1016/j.ajog.2018.01.022
https://doi.org/10.1016/j.ajog.2018.01.022
https://doi.org/10.1371/journal.pone.0237241

PLOS ONE

Historical redlining and birth outcomes, 2006 through 2015, in California

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Chambers BD, Baer RJ, McLemore MR, Jelliffe-Pawlowski LL. Using Index of Concentration at the
Extremes as Indicators of Structural Racism to Evaluate the Association with Preterm Birth and Infant
Mortality—California, 2011-2012. J Urban Heal [Internet]. Springer US; 2019 [cited 2019 Dec 20];
96:159-70. Available from: http:/link.springer.com/10.1007/s11524-018-0272-4

Mehra R, Boyd LM, Ickovics JR. Racial residential segregation and adverse birth outcomes: A system-
atic review and meta-analysis. 2017 [cited 2019 Dec 20]; Available from: http://dx.doi.org/10.1016/j.
socscimed.2017.09.018

Carmichael SL, Kan P, Padula AM, Rehkopf DH, Oehlert JW, Mayo JA, et al. Social disadvantage and
the black-white disparity in spontaneous preterm delivery among California births. Fraser A, editor.
PLoS One [Internet]. Public Library of Science; 2017 [cited 2019 Dec 22]; 12:e0182862. Available from:
https://doi.org/10.1371/journal.pone.0182862 PMID: 28800643

Pearl M, Ahern J, Hubbard A, Laraia B, Shrimali BP, Poon V, et al. Life-course neighbourhood opportu-
nity and racial-ethnic disparities in risk of preterm birth. Paediatr Perinat Epidemiol [Internet]. John
Wiley & Sons, Ltd (10.1111); 2018 [cited 2019 Dec 22]; 32:412-9. Available from: https://doi.org/10.
1111/ppe.12482 PMID: 30011354

Chambers BD, Erausquin JT, Tanner AE, Nichols TR, Brown-Jeffy S. Testing the Association Between
Traditional and Novel Indicators of County-Level Structural Racism and Birth Outcomes among Black
and White Women. J racial Ethn Heal disparities [Internet]. 2018 [cited 2019 Dec 22]; 5:966—77. Avail-
able from: http://link.springer.com/10.1007/s40615-017-0444-z

Benmarhnia T, Huang J, Basu R, Wu J, Bruckner TA. Decomposition Analysis of Black—White Dispari-
ties in Birth Outcomes: The Relative Contribution of Air Pollution and Social Factors in California. Envi-
ron Health Perspect [Internet]. 2017 [cited 2019 Dec 22]; 125:107003. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/28977781 PMID: 28977781

Kochhar R. Wealth inequality has widened along racial, ethnic lines since end of Great Recession [Inter-
net]. 2014. Available from: http://www.pewresearch.org/fact-tank/2014/12/12/racial-wealth-gaps-great-
recession/

Zhang M, Debarchana G. Spatial Supermarket Redlining and Neighborhood Vulnerability: A Case
Study of Hartford, Connecticut. Trans GIS TG [Internet]. NIH Public Access; 2016 [cited 2019 Dec 22];
20:79-100. Available from: http://www.ncbi.nlm.nih.gov/pubmed/27034615 PMID: 27034615

Ma X, Liu J, Hardin JW, Zhao G, Liese AD. Neighborhood Food Access and Birth Outcomes in South
Carolina. Matern Child Health J [Internet]. 2016 [cited 2019 Dec 22]; 20:187-95. Available from: http:/
www.ncbi.nlm.nih.gov/pubmed/26475580 PMID: 26475580

Kwate NOA, Loh JM, White K, Saldana N. Retail redlining in New York City: Racialized access to day-
to-day retail resources. J Urban Heal. 2013; 90:632-52.

Strutz KL, Hogan VK, Siega-Riz AM, Suchindran CM, Halpern CT, Hussey JM. Preconception Stress,
Birth Weight, and Birth Weight Disparities Among US Women. Am J Public Health [Internet]. 2014 [cited
2019 Dec 22]; 104:e125-32. Available from: http://ajph.aphapublications.org/doi/10.2105/AJPH.2014.
301904 PMID: 24922164

Matoba N, Reina M, Prachand N, Davis MM, Collins JW. Neighborhood Gun Violence and Birth Out-
comes in Chicago. Matern Child Health J [Internet]. Springer; 2019 [cited 2019 Dec 20]; 23:1251-9.
Available from: http://link.springer.com/10.1007/s10995-019-02765-w PMID: 31214947

Flores MES, Simonsen SE, Manuck TA, Dyer JM, Turok DK. The “Latina Epidemiologic Paradox”: Con-
trasting Patterns of Adverse Birth Outcomes in U.S.-Born and Foreign-Born Latinas. Women'’s Heal
Issues [Internet]. Elsevier; 2012 [cited 2019 Dec 28]; 22:e501-7. Available from: https://www.
sciencedirect.com/science/article/abs/pii/S104938671200059X

Sanchez-Vaznaugh E V., Braveman PA, Egerter S, Marchi KS, Heck K, Curtis M. Latina Birth Out-
comes in California: Not so Paradoxical. Matern Child Health J [Internet]. Springer US; 2016 [cited 2019
Dec 28]; 20:1849-60. Available from: http:/link.springer.com/10.1007/s10995-016-1988-y PMID:
27025385

Osypuk TL, Bates LM, Acevedo-Garcia D. Another Mexican birthweight paradox? The role of residential
enclaves and neighborhood poverty in the birthweight of Mexican-origin infants. Soc Sci Med [Internet].
NIH Public Access; 2010 [cited 2019 Dec 28]; 70:550—60. Available from: http://www.ncbi.nIm.nih.gov/
pubmed/19926186

Gibbons J, Barton MS. The Association of Minority Self-Rated Health with Black versus White Gentrifi-
cation. J Urban Heal Bull New York Acad Med [Internet]. [cited 2017 Jul 28]; 93. Available from: https://
link-springer-com.ucsf.idm.oclc.org/content/pdf/10.1007%2Fs11524-016-0087-0.pdf

Huynh M, Maroko AR. Gentrification and preterm birth in New York City, 2008—2010. J Urban Health
[Internet]. Springer; 2014 [cited 2017 Jul 27]; 91:211-20. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/24022181 PMID: 24022181

PLOS ONE | https://doi.org/10.1371/journal.pone.0237241  August 7, 2020 17/18


http://link.springer.com/10.1007/s11524-018-0272-4
http://dx.doi.org/10.1016/j.socscimed.2017.09.018
http://dx.doi.org/10.1016/j.socscimed.2017.09.018
https://doi.org/10.1371/journal.pone.0182862
http://www.ncbi.nlm.nih.gov/pubmed/28800643
https://doi.org/10.1111/ppe.12482
https://doi.org/10.1111/ppe.12482
http://www.ncbi.nlm.nih.gov/pubmed/30011354
http://link.springer.com/10.1007/s40615-017-0444-z
http://www.ncbi.nlm.nih.gov/pubmed/28977781
http://www.ncbi.nlm.nih.gov/pubmed/28977781
http://www.ncbi.nlm.nih.gov/pubmed/28977781
http://www.pewresearch.org/fact-tank/2014/12/12/racial-wealth-gaps-great-recession/
http://www.pewresearch.org/fact-tank/2014/12/12/racial-wealth-gaps-great-recession/
http://www.ncbi.nlm.nih.gov/pubmed/27034615
http://www.ncbi.nlm.nih.gov/pubmed/27034615
http://www.ncbi.nlm.nih.gov/pubmed/26475580
http://www.ncbi.nlm.nih.gov/pubmed/26475580
http://www.ncbi.nlm.nih.gov/pubmed/26475580
http://ajph.aphapublications.org/doi/10.2105/AJPH.2014.301904
http://ajph.aphapublications.org/doi/10.2105/AJPH.2014.301904
http://www.ncbi.nlm.nih.gov/pubmed/24922164
http://link.springer.com/10.1007/s10995-019-02765-w
http://www.ncbi.nlm.nih.gov/pubmed/31214947
https://www.sciencedirect.com/science/article/abs/pii/S104938671200059X
https://www.sciencedirect.com/science/article/abs/pii/S104938671200059X
http://link.springer.com/10.1007/s10995-016-1988-y
http://www.ncbi.nlm.nih.gov/pubmed/27025385
http://www.ncbi.nlm.nih.gov/pubmed/19926186
http://www.ncbi.nlm.nih.gov/pubmed/19926186
https://link-springer-com.ucsf.idm.oclc.org/content/pdf/10.1007%2Fs11524-016-0087-0.pdf
https://link-springer-com.ucsf.idm.oclc.org/content/pdf/10.1007%2Fs11524-016-0087-0.pdf
http://www.ncbi.nlm.nih.gov/pubmed/24022181
http://www.ncbi.nlm.nih.gov/pubmed/24022181
http://www.ncbi.nlm.nih.gov/pubmed/24022181
https://doi.org/10.1371/journal.pone.0237241

PLOS ONE

Historical redlining and birth outcomes, 2006 through 2015, in California

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Gibbons J. Are gentrifying neighborhoods more stressful? A multilevel analysis of self-rated stress.
SSM—Popul Heal [Internet]. Elsevier; 2019; 7:100358. Available from: https://doi.org/10.1016/j.ssmph.
2019.100358

Izenberg JM, Mujahid MS, Yen IH. Health in changing neighborhoods: A study of the relationship
between gentrification and self-rated health in the state of California. Health Place [Internet]. NIH Public
Access; 2018 [cited 2019 Dec 28]; 52:188. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC6181134/ https://doi.org/10.1016/j.healthplace.2018.06.002 PMID: 29957396

Badger E, Bui Q, Gebeloff R. The Neighborhood Is Mostly Black. The Home Buyers Are Mostly White.
New York Times. 2019 Apr 27,

Urban Displacement Project. Redlining and Gentrification [Internet]. [cited 2019 Dec 22]. Available
from: https://www.urbandisplacement.org/redlining

Buka SL, Brennan RT, Rich-Edwards JW, Raudenbush SW, Earls F. Neighborhood Support and the
Birth Weight of Urban Infants. Am J Epidemiol [Internet]. Narnia; 2003 [cited 2019 Dec 22]; 157:1-8.
Available from: https://academic.oup.com/aje/article-lookup/doi/10.1093/aje/kwf170 PMID: 12505884

Nkansah-Amankra S, Dhawain A, Hussey JR, Luchok KJ. Maternal Social Support and Neighborhood
Income Inequality as Predictors of Low Birth Weight and Preterm Birth Outcome Disparities: Analysis of
South Carolina Pregnancy Risk Assessment and Monitoring System Survey, 2000—2003. Matern Child
Health J [Internet]. Springer; 2010 [cited 2019 Dec 22]; 14:774—-85. Available from: http:/link.springer.
com/10.1007/s10995-009-0508-8 PMID: 19644741

Sealy-Jefferson S, Giurgescu C, Helmkamp L, Misra DP, Osypuk TL. Perceived Physical and Social
Residential Environment and Preterm Delivery in African-American Women. Am J Epidemiol [Internet].
Narnia; 2015 [cited 2019 Dec 22]; 182:485-93. Available from: https://academic.oup.com/aje/article-
lookup/doi/10.1093/aje/kwv106 PMID: 26163532

Bhatia N, Chao S, Higgins C, Patel S, Crespi C. Association of Mothers’ Perception of Neighborhood
Quality and Maternal Resilience with Risk of Preterm Birth. Int J Environ Res Public Health [Internet].
Multidisciplinary Digital Publishing Institute; 2015 [cited 2019 Dec 22]; 12:9427—-43. Available from:
http://www.mdpi.com/1660-4601/12/8/9427 https://doi.org/10.3390/ijerph120809427 PMID: 26274966

Massey DS, Denton NA. The Dimensions of Residential Segregation. Soc Forces [Internet]. Narnia;
1988 [cited 2019 Dec 20]; 67:281-315. Available from: https://academic.oup.com/sf/article-lookup/doi/
10.1093/sf/67.2.281

Crossney KB, Bartelt DW. Residential Security, Risk, and Race: The Home Owners’ Loan Corporation
and Mortgage Access in Two Cities. Urban Geogr [Internet]. 2005; 26:707-36. Available from: http://
www.tandfonline.com/doi/abs/10.2747/0272-3638.26.8.707

Malat J, Jacquez F, Slavich GM. Measuring lifetime stress exposure and protective factors in life course
research on racial inequality and birth outcomes. Stress [Internet]. 2017 [cited 2020 Jan 12]; 20:379—
85. Available from: http://www.ncbi.nim.nih.gov/pubmed/28660838 https://doi.org/10.1080/10253890.
2017.1341871 PMID: 28660838

Bond JC, Mancenido AL, Patil DM, Rowley SS, Goldberg J, Littman AJ. Residence change during the
first trimester of pregnancy and adverse birth outcomes. J Epidemiol Community Health [Internet]. BMJ
Publishing Group Ltd; 2019 [cited 2020 Jan 12]; 73:913-9. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/31362943 https://doi.org/10.1136/jech-2018-211937 PMID: 31362943

PLOS ONE | https://doi.org/10.1371/journal.pone.0237241  August 7, 2020 18/18


https://doi.org/10.1016/j.ssmph.2019.100358
https://doi.org/10.1016/j.ssmph.2019.100358
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6181134/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6181134/
https://doi.org/10.1016/j.healthplace.2018.06.002
http://www.ncbi.nlm.nih.gov/pubmed/29957396
https://www.urbandisplacement.org/redlining
https://academic.oup.com/aje/article-lookup/doi/10.1093/aje/kwf170
http://www.ncbi.nlm.nih.gov/pubmed/12505884
http://link.springer.com/10.1007/s10995-009-0508-8
http://link.springer.com/10.1007/s10995-009-0508-8
http://www.ncbi.nlm.nih.gov/pubmed/19644741
https://academic.oup.com/aje/article-lookup/doi/10.1093/aje/kwv106
https://academic.oup.com/aje/article-lookup/doi/10.1093/aje/kwv106
http://www.ncbi.nlm.nih.gov/pubmed/26163532
http://www.mdpi.com/1660-4601/12/8/9427
https://doi.org/10.3390/ijerph120809427
http://www.ncbi.nlm.nih.gov/pubmed/26274966
https://academic.oup.com/sf/article-lookup/doi/10.1093/sf/67.2.281
https://academic.oup.com/sf/article-lookup/doi/10.1093/sf/67.2.281
http://www.tandfonline.com/doi/abs/10.2747/0272-3638.26.8.707
http://www.tandfonline.com/doi/abs/10.2747/0272-3638.26.8.707
http://www.ncbi.nlm.nih.gov/pubmed/28660838
https://doi.org/10.1080/10253890.2017.1341871
https://doi.org/10.1080/10253890.2017.1341871
http://www.ncbi.nlm.nih.gov/pubmed/28660838
http://www.ncbi.nlm.nih.gov/pubmed/31362943
http://www.ncbi.nlm.nih.gov/pubmed/31362943
https://doi.org/10.1136/jech-2018-211937
http://www.ncbi.nlm.nih.gov/pubmed/31362943
https://doi.org/10.1371/journal.pone.0237241

