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ARTICLE INFO ABSTRACT

Keywords: Residential racial segregation in the U.S. has been hypothesized as a fundamental cause driving health disparities

Segregation across racial groups. Potential mechanisms include economic and social marginalization, subsequent constrained

ge‘ghborhmds opportunities, and high stress. Yet evidence on residential segregation’s association with health among Black and
acism

White children—particularly longitudinally—is sparse. This study aims to address this gap. We used data from
the Panel Study of Income Dynamics (PSID), a national longitudinal study of U.S. households, analyzing infor-
mation on 1,251 Black and 1,427 White children who participated in the Child Development Supplement (CDS)
at least twice (survey waves 1997, 2002, 2007, 2014). We fit individual fixed-effects models to estimate the
within-person association of neighborhood-level residential segregation, measured with local Getis-Ord G* sta-
tistics, with three outcomes (general health, weight status, and behavioral problems). We examined heteroge-
neous effects by age and sex. We also examined associations between health and childhood segregation
trajectories, i.e., the pattern of children’s residential segregation exposures from birth through when their health
outcomes were measured, providing additional insight on dynamic experiences of segregation. In fixed effects
models, among Black children, higher segregation was associated with worse self-rated health, especially for
Black children who were older (aged 11-17 years). In trajectory models, among White children, moving out of
highly segregated neighborhoods was associated with a lower probability of poor self-rated health, while moving
into those neighborhoods or back and forth between neighborhood types were both associated with increased
behavioral problems. Our findings highlight the importance of early-life residential segregation in shaping
persistent racial health disparities, as well as the costs of segregation for all children living in highly segregated
neighborhoods.

Child health
Health inequities

1. Introduction

In the U.S., Black-White inequities persist across an array of health
outcomes (Beck et al., 2020; Forde et al., 2019; Ghafoor et al., 2002;
Mensah et al., 2005). Disparities arise early in life, with Black infants
having significantly worse outcomes at birth (e.g., low birth weight,
mortality) (Lu et al., 2010). Black children are more likely to have worse
self-rated health (Montgomery et al., 1996) and higher levels of blood
lead (Chen et al., 2006; Pamuk et al., 1998), to be overweight or obese
(May et al., 2013), and to be hospitalized for treatable conditions such as
asthma (Starfield, 1989).

Residential racial segregation has been hypothesized as a funda-
mental cause driving these inequities, as predominantly Black

segregated neighborhoods on average have fewer resources and op-
portunities that promote physical and mental health (White & Borrell,
2011; Williams & Collins, 2016). Accordingly, prior research has shown
negative associations between residential segregation and health among
Black people in the U.S., with most work focused on infant mortality and
adult outcomes including cardiovascular disease, cancer, dementia,
obesity, and diabetes-related mortality (Kershaw et al., 2015; Kershaw &
Pender, 2016; Landrine et al., 2017; Pohl et al., 2021; Polednak, 1996;
Schwartz et al, 2022). Less work has investigated the association be-
tween residential segregation and health during childhood, a critical
development stage for determining lifelong health. Early health can
have enduring consequences for chronic morbidity in later life (Black-
well et al., 2001); hence, early disparities can produce a wide range of
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long-run impacts on population well-being. Moreover, existing evidence
on the health effects of residential segregation relies heavily on analyses
using a single exposure period or based on narrow geographies that limit
generalizability.

Understanding the health effects of residential segregation is critical.
More than 80% of U.S. metropolitan regions are more segregated now
than in 1990, and segregation levels nationally remain high (Natividad,
2021). Between 2014 and 2018, a typical White person in a large
metropolitan area lived in a neighborhood with 71% White and 8%
Black people, while a typical Black person lived in a neighborhood with
45% Black and 31% White people (Loh et al., 2020). Residential racial
segregation is a manifestation of structural racism driven by both his-
torical racist government policies and laws (e.g., redlining) (Finkelman,
1992; Krieger et al., 2020) and current political and economic ar-
rangements that marginalize low-income and racial/ethnic minority
people (Lichter et al., 2012). As a result, racially/ethnically segregated,
majority of-color (particularly, Black) communities receive a lower
distribution of health-promoting resources compared to segregated
White communities and a higher distribution of health risks, leading to
racial/ethnic inequities in health through multiple pathways (Fig. 1).

First, segregated Black communities often lack high-quality health-
care facilities and physicians (Gaskin et al., 2012; Vaughan Sarrazin
et al., 2009; White et al., 2012). Second, segregated neighborhoods are
more likely to serve as environments that damage health, such as being
targeted for advertising of unhealthy products (e.g., fast food,
sugar-sweetened beverages, and tobacco products), having limited ac-
cess to healthy groceries (e.g., fresh fruits and vegetables) (Fischer et al.,
2021; Harris et al., 2019; Kirchner et al., 2015; Primack et al., 2007;
Scott et al., 2020), or being exposed to higher levels of harmful pollut-
ants and poor living conditions (e.g., poor housing quality) (Jesdale
etal., 2013; Woo et al., 2019). Third, living in segregated neighborhoods
can lead to a sense of isolation or experiences of discrimination (e.g.,
disproportionate policing), thereby increasing stress (Massey, 2004;
Williams & Mohammed, 2009). Chronic stress can dysregulate endo-
crine, immune, and nervous system function, causing higher allostatic
load and inflammation that increases risk of poor physical health (Beck
et al., 2020; Fagundes et al., 2013; Gouin, 2011). High stress can also
lead to poor mental health and a higher likelihood of turning to un-
healthy coping behaviors (Jackson et al., 2010; Yoo, 2019). Fourth,
living in segregated neighborhoods that are denied quality educational
opportunities and that experience economic disinvestment may worsen
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educational and economic outcomes, which are essential for healthy
development and future socioeconomic opportunities (Adler & Ostrove,
1999; Glymour et al., 2014). Finally, social capital, identified as the
degree of social trust and support provided reciprocally between in-
dividuals in a given area, has been proposed to contribute to positive
health (Kawachi, 1999). The impact of segregation on social capital is
mixed (Kramer & Hogue, 2009), and a few studies have found that
segregation could potentially offer protective effects for minoritized
people by providing stronger social cohesion and lowering exposure to
interpersonal racism (Diette et al., 2021; Fang et al., 1998; Halpern,
1993).

Given these mechanisms, we hypothesized that childhood experi-
ences of residential racial segregation may adversely affect children’s
health. We also hypothesized that this relationship may differ by age and
sex. Prior work has found that the association of neighborhood envi-
ronment with health and social outcomes differs by age due to differ-
ences in how neighborhood environments are experienced at different
ages (Chetty et al., 2016; Hamad et al., 2020). For example, while
changes that improve the built environment and lower stress are likely
to improve well-being, disruptions in existing social networks may
outweigh the benefits of positive neighborhood change for older chil-
dren, whose development is more reliant on social relationships outside
of the home compared to their younger peers (Anderson et al., 2014;
Chetty et al., 2016). Prior work has also found that girls experience
positive health or behavioral effects from interventions providing an
incentive to move to lower-poverty neighborhoods, while boys’ mental
and behavioral health may be harmed, suggesting that gendered social
experiences may powerfully modify the health effects of neighborhood
change (Smith & Schwartz, 2021).

In this study, we used data from a national panel study of U.S.
households and rigorous methods to take advantage of the longitudinal
data set. We focused on Black and White children’s health outcomes,
including self-rated health, weight status, and behavioral problems, and
we examined whether the associations differed by age and sex. This
study therefore provides important evidence to understand the effects of
social and structural factors on racial health inequities throughout
childhood.
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and built environments
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Fig. 1. Conceptual framework.
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2. Methods
2.1. Data

We used data from the Child Development Supplement (CDS) of the
U.S. Panel Study of Income Dynamics (PSID). PSID is a longitudinal
household survey initiated in 1968 that includes rich information about
individual and family characteristics. PSID was designed to be nationally
representative and has since followed participants, their descendants,
and their descendants’ families with annual surveys through 1997 and
biennial surveys thereafter. While PSID’s core surveys only collect
health information on household heads and their spouses, PSID began
the CDS in 1997 to collect extensive data on children aged 0-12 years.
Two follow-up surveys of children under 18 were conducted in 2002 and
2007. In 2014, a new CDS cohort was launched for all PSID children
aged 0-17 years; this was the most recent available wave of CDS data
when analysis began.

We linked all available CDS waves through 2014 with the core PSID
data to compile a longitudinal history of each child’s family information,
including geocoded residential location, family income, and parental
marital status. We used sample participants’ residential census tracts to
merge in residential segregation measures generated from the U.S.
Census (described below).

2.2. Sample selection

The total number of children included in the CDS waves was 7820.
We only included Black and White children because of small sample
sizes and inconsistent categorization of racial/ethnic groups across time
for other racial/ethnic groups within PSID. Given our use of fixed effects
models (described below), we then restricted the sample to children
with at least two CDS observations, as estimation of these models is only
driven by changes in exposures and outcomes between repeated obser-
vations of the same individual. Of 7229 children (Black = 3354, White
= 3875) that ever participated in any CDS wave, 2762 children (Black =
1263, White = 1499) participated at least twice. All of them had at least
one measured health outcome in each wave. Among these 2762 chil-
dren, we excluded 84 children (~3%) who had missing data on any
relevant covariates or exposure data (e.g., due to missing address or
unavailable segregation measures in their residential census tract). We
therefore conducted complete case analysis, as this is not thought to
result in bias at such low levels of missingness (Allison, 2009). The final
sample size was thus 2678 children (Black = 1251, White = 1427).

2.3. Exposure

Residential racial segregation was measured with local Getis-Ord G*
statistics, a widely used measure among segregation-health studies that
robustly captures spatial features of segregation (Caunca et al., 2020;
Kershaw & Albrecht, 2015; Kershaw & Pender, 2016; Salow et al.,
2018). We calculated G* statistics at the census tract level using data
from the decennial Census (1990, 2000, 2010) and American Commu-
nity Survey 5-year estimates (2010-2014, 2014-2018), with tracts
normalized to 2010 boundaries. G* statistics for each observed year
were calculated using the nearest available Census in time. For example,
G* statistics for 1996-2005 were calculated using the 2000 decennial
Census.

G* statistics are Z-scores that measure how unusual the racial
composition of a given census tract and neighboring tracts are in relation
to the racial composition of their larger surrounding area (e.g., Metro-
politan or Micropolitan Statistical Area). To focus on the ways that the
segregation of Black people in the U.S. leads to disinvestment and a
concentration of disadvantage produced by anti-Black racism, we focus
on the segregation of Black residents. Specifically, we calculated a Z-
score representing the difference in standard deviations between (A) the
average percentage of residents who were Black in a focal tract and its
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neighboring tracts and (B) the mean percentage of residents who were
Black across all of the tracts within its surrounding Core-Based Statistical
Area (CBSA), or within the same county if tracts did not belong to a
CBSA. In estimating each tract’s G* statistics, we spatially weighted the
contribution of the racial composition of focal tract vs. neighborhood
tracts using “queen” spatial contiguity, whereby all tracts whose borders
touched the focal tract were considered its neighbors. More details on
this exposure measure are provided in Appendix A.

2.4. Health outcomes

We selected three indicators of child health that are likely to be
affected by residential segregation based on hypothesized mechanisms
mentioned above: general health status, obesity, and behavioral prob-
lems. General health status (a 5-point Likert scale from poor to excellent)
was asked of both primary caregivers (for children at any age) and
children aged 8 years and above. In the case that caregivers and children
both answered this question and gave different answers, we chose the
one indicating poorer health. We dichotomized general health as poor,
fair, or good versus very good or excellent, a common way to categorize
general health in the literature about child health (Bauman et al., 2006;
Flores et al., 1999) (Appendix B). Second, we included a binary outcome
indicating whether the child was overweight or obese. The CDS inter-
viewer gathered data about the child’s height and weight at the time of
the interview. In wave I, height was measured by the interviewer and
weight was reported by the primary caregiver. Height and weight were
both measured by the interviewer in later waves. Categories for body
mass index (BMI) were calculated based on standard growth charts that
take into account children’s age and sex (Kuczmarski, 2000). Over-
weight or obese was defined as BMI over the 85th percentile (Hofferth
et al.,, 1997). Although these weight categories are not reliable
individual-level health indicators, they are useful correlates of future
risk of cardiometabolic health problems when considered at the popu-
lation level (Carbone et al., 2019; Krauss et al., 1998). Third, we
included the Behavioral Problems Index (BPI: range: 0-27), a validated
scale that measures externalizing or aggressive behavior, and internal-
izing or sad behavior (Peterson & Zill, 1986). A higher score indicates
worse socioemotional well-being. A large literature has linked inequities
in child behavioral problems with social and economic marginalization,
and children with worse behavioral conditions are more likely to have
lower educational attainment, an important determinant of future
health (Currie et al., 2010; Gupta et al., 2007; Hamad & Rehkopf, 2016).

2.5. Covariates

We adjusted for time-variant individual and family covariates that
may represent confounders of the relationship between residential
segregation and child health, including age (at the time of outcome
ascertainment), sex, inflation-adjusted family income, parental marital
status. We also adjusted for census tract-level population and poverty
rate. The latter was defined as the proportion of individuals living under
the federal poverty threshold, a specified dollar amount updated
annually by the U.S. Census Bureau that is considered to be the mini-
mum level of resources necessary to meet the basic needs of a family
unit.

2.6. Analysis

2.6.1. Primary analysis: fixed effects models

To explore the relationship between residential segregation and child
well-being, we used fixed-effects (FE) regression models. In essence,
these FE models involved the inclusion of an indicator variable for each
child, thereby estimating the within-person association of
neighborhood-level segregation changes with changes in the outcomes
of interest. The advantage of these FE models is that they account for all
observed and unobserved individual-level, time-invariant confounders,



G. Wang et al.

reducing bias from between-person comparisons.

In these models, we included the segregation exposure (i.e., the G*
statistic) as a continuous variable and controlled for time-varying
covariates listed above. As a robustness check, we excluded family in-
come and neighborhood characteristics because they may also serve as
mediators of the relationship between residential segregation and child
health (Quillian, 2012). For all analyses, we estimated linear models
using ordinary least squares (OLS). For binary outcomes, these are
considered linear probability models. The estimated coefficients for bi-
nary outcomes thus represent a percentage point change in the risk of
the outcome. Logistic regression was not used for binary outcomes in the
FE models for two reasons: first, it is difficult to compute the maximum
likelihood estimation (MLE) of the coefficients of non-linear models with
a large number of dummy variables (i.e., indicators for each child), as
the models fail to converge (Greene, 2004); and second, logistic
regression in FE models drops observations that have no variation in the
outcome, reducing the power of the analyses (Timoneda, 2021). While
linear probability models may result in predicted probabilities of the
outcome that are outside of the 0-1 range, prior work has also shown
that the statistical properties of linear regression for binary outcomes are
less problematic with large sample sizes like ours (Hellevik, 2009).

2.6.2. Subgroup analyses by age and sex

In subgroup analyses, we first assessed whether the relationship
between segregation and our outcomes varied by the child’s age of
exposure by including an interaction term between G* statistics and
whether the child was aged 11-17 vs. younger than 11 years at the time
of interview. We chose 11 years as the cutoff because it is the age that
children typically start middle school and enter early adolescence, and a
time when they may interact with their neighborhood environment
differently compared with younger peers (Eccles, 1999). We also
assessed whether associations varied by sex. Of note, PSID does not
include a question on gender identity, so we used the variable for sex as a
proxy to capture gendered social experiences. For models testing het-
erogeneous effects by sex, we conducted FE regressions by including an
interaction term between G* statistics and whether the child was female.

2.6.3. Secondary analysis: estimating effects of segregation trajectories

We also examined the relationship between early-life trajectories of
segregation exposure and child health, leveraging PSID’s longitudinal
data on households’ residential neighborhoods. We observed the whole
trajectories of children’s residential locations up until each participant’s
health outcomes were measured using data on their families’ residences
since birth from PSID’s core data collection. Using trajectories in this
way compensates for a drawback of the FE analysis whereby the FE
models only capture a few snapshots of time, when participants were
interviewed for each CDS wave. Capturing children’s early-life trajec-
tories can provide additional insight into the association between lon-
gitudinal exposure to residential segregation and child well-being,
providing a richer sense of the potential influence of the duration of
exposure to segregation. However, we note that this method may
generate results that are more likely to suffer from confounding from
time-invariant factors than FE models because comparisons are made
between rather than only within children.

For this trajectory analysis, we included all children who partici-
pated in CDS waves at least once and used their entire observed resi-
dential history from birth through outcome ascertainment to measure
their trajectories of segregation exposure prior to their observed health
outcomes. Among 7229 children (Black = 3354, White = 3875), 15
children had no measured health outcomes and 65 children had missing
exposure data. Thus, the final sample for this secondary analysis
included 7149 children (Black = 3301, White = 3848). Note that chil-
dren who participated in multiple CDS survey waves had health out-
comes measured multiple times, and we used all available person-year
observations (Black = 5198, White = 6089). We thus clustered our
standard errors at the individual level to account for within-person
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correlation across repeated observations.

We categorized each participant’s segregation exposure into five
trajectories: (1) always lived in a low-segregation neighborhood
(reference), (2) always lived in a high-segregation neighborhood, (3)
moved from a low-to high-segregation neighborhood, (4) moved from a
high-to low-segregation neighborhood, and (5) moved back and forth
between high- and low-segregation neighborhoods. Note that “moved”
can indicate either moving to a neighborhood with a different segre-
gation level, or a change of segregation level in the current neighbor-
hood. However, the latter was uncommon: in our sample, more than
88% of changes in trajectories were caused by moving to a different
neighborhood.

In these models, we defined a neighborhood as highly segregated if
its G* was greater than 1.96 (two standard deviations above the mean),
and “low” otherwise, a standard dichotomization in the existing segre-
gation literature (Kershaw et al., 2017). A high-segregation neighbor-
hood means that the area and its neighborhoods had a high proportion
of residents who were Black compared to the average within their CBSA
or county. While tracts with a G* statistic below —1.96 were also highly
segregated with disproportionately fewer Black residents, those neigh-
borhoods are not systematically targeted for disinvestment. Models were
adjusted for age, sex, inflation-adjusted family income (at baseline, i.e.,
child’s earliest observation in CDS), parental marital status, and
census-tract level population and poverty rate (at baseline). As above,
we estimated linear models by OLS, and we conducted a robustness
check by excluding family income and neighborhood covariates. We did
not examine differential associations by age or sex due to limited power
caused by smaller sample sizes in each trajectory type stratified by age or
sex.

3. Results
3.1. Descriptive summary

Of the 2678 Black and White children who participated in CDS at
least twice, about 47.3% of Black children and 50.2% of White children

Table 1
Descriptive statistics.

Black (N = Person-year White (N = Person-year
1251) observations 1427) observations
Percent or Percent or
mean (SD) mean (SD)
Health outcomes
Poor/fair/ 22.4 3079 10.7 3532
good health
Overweight/ 41.7 2638 32.0 3035
obese
Behavioral 8.4 (6.5) 2786 8.4 (6.2) 3131
problems
index
Individual characteristics (baseline)
Age (years) 6.1 (3.6) 5.7 (3.6)
Female 47.3 49.7
Family income 44241 92550
(USD) (39263) (80526)
Parents 40.7 81.7
married
Residential 2.7 (2.7) —0.5(1.3)
segregation

Neighborhood characteristics
Population 4263 (1515)
Poverty rate 22.3 (13.1)

4357 (1464)
9.9 (8.1)

Note: Data were drawn from the Panel Study of Income Dynamics’ Child
Development Supplement (CDS) waves in 1997, 2002, 2007, and 2014. Sample
includes 1251 Black children and 1427 White children who participated in CDS
waves at least twice. Residential segregation was measured using local Getis-Ord
G* statistics. Neighborhood was defined as census tract.
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were female (Table 1). At baseline, the mean age was 6.1 years (SD =
3.6) for Black children and 5.7 years (SD = 3.6) for White children. Black
children were more likely to have lower family incomes (mean $44,241,
SD $39,263) compared with White children (mean income $92,500, SD
$80,526). Black children were also substantially less likely to have
married parents compared with White children (40.7% vs. 81.7%) and
experienced higher neighborhood poverty rates (22.3% vs. 9.9%). The
average level of residential segregation at baseline was 2.7 for Black
children and —0.5 for White children, indicating that Black children
were more likely to live in high-segregation areas. Fig. 2 illustrates the
distribution of residential segregation among Black and White children.

There were clear health inequities by race. While 22.4% of Black
children reported poor/fair/good health (vs. very good/excellent), only
10.7% of White children did so. About 41.7% of Black children vs.
32.0% of White children were classified as overweight/obese. However,
the mean BPI score for Black and White children was similar, at 8.4 (SD
6.5 for Black children and 6.2 for White children).

3.2. Primary analysis: residential segregation and child health with fixed
effects models

We first estimated the association of neighborhood residential
segregation with each outcome (Table 2). Among Black children, a 1-SD
increase in segregation was associated with a 1.1 percentage point in-
crease in the probability of having worse self-rated health ( = 0.011;
95% CI, 0.002, 0.020), i.e., a 4.9% change. We were unable to reject the
null hypothesis that segregation was not associated with weight status
and behavioral problems. For White children, higher segregation was
not associated with self-rated health and behavioral problems, while a 1-
SD increase in segregation was associated with a 2.6 percentage point
decreased probability of being overweight/obese (8 = -0.026; 95% CI,
—0.051, —0.001), i.e., an 8.1% change. Results were similar when we
excluded family income and neighborhood covariates (Appendix
Table C1).

3.3. Subgroup analyses by age and sex

We then assessed whether the relationship between segregation and
the outcomes varied by child age (Table 3). For Black children, associ-
ations between segregation and self-rated health were stronger among
older children (aged 11-17 years). A 1-SD increase in segregation was

24 . |
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Fig. 2. Distribution of residential segregation among Black and White children
Note: Data were drawn from the Panel Study of Income Dynamics’ Child
Development Supplement (CDS) waves in 1997, 2002, 2007, and 2014. Sample
includes 1251 Black children and 1427 White children who participated in CDS
waves at least twice. Residential segregation was measured using local Getis-
Ord G* statistics.
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Table 2
Association of residential segregation with child health outcomes, by race.

Estimated coefficient [95% CI]

Poor/fair/good Overweight/obese Behavioral problems
health index
Black 0.011* [0.002 —0.012 [-0.026, 0.031 [-0.122,
children 0.020] 0.002] 0.184]
White 0.005 [-0.010, —0.026* [-0.051, 0.214 [-0.091,
children 0.019] —0.001] 0.518]

*p < 0.05, **p < 0.01.
Note: Sample data were drawn from the Panel Study of Income Dynamics’ Child
Development Supplement (CDS) waves in 1997, 2002, 2007, and 2014. Sample
includes 1251 Black children and 1427 White children who participated in CDS
waves at least twice. Residential segregation was measured using local Getis-Ord
G* statistics. Neighborhood was defined as census tract. Coefficients were esti-
mated using linear regression models with individual fixed effects, adjusting for
individual and neighborhood characteristics. Standard errors were clustered at
the individual level.

Table 3
Association of residential segregation with child health outcomes, by race and
age of exposure.

Estimated coefficient [95% CI]

Poor/fair/good Overweight/ Behavioral
health obese problems index
Black children
Segregation * age 0.013* [0.001, —0.005 [-0.018, 0.043 [-0.120,
above 11 years 0.025] 0.008] 0.207]
Segregation 0.006 [-0.005, —0.010 [-0.025, 0.011 [-0.156,
0.016] 0.006] 0.177]
Age above 11 years —0.062* 0.026 [-0.043, —0.168 [-0.973,
[-0.120, 0.095] 0.636]
—0.004]
White children
Segregation * age 0.004 [-0.012, 0.020 [-0.008, —0.009 [-0.326,
above 11 years 0.021] 0.049] 0.307]
Segregation 0.003 [-0.012, —0.032* [-0.061, 0.214 [-0.101,
0.018] —0.004] 0.530]
Age above 11 years 0.002 [-0.035, 0.030 [-0.027, —0.145 [-0.782,
0.038] 0.087] 0.492]

*p < 0.05, **p < 0.01.

Note: Sample data were drawn from the Panel Study of Income Dynamics’ Child
Development Supplement (CDS) waves in 1997, 2002, 2007, and 2014. Sample
includes 1251 Black children and 1427 White children who participated in CDS
waves at least twice. Residential segregation was measured using local Getis-Ord
G* statistics. Neighborhood was defined as census tract. Coefficients were esti-
mated using linear regression models with individual fixed effects, adjusting for
individual and neighborhood characteristics. Standard errors were clustered at
the individual level.

associated with a 1.3 percentage point greater increase in the probability
of reporting worse self-rated health for older children compared with
younger children (coefficient on the interaction term = 0.013; 95% ClI,
0.001, 0.025). For White children, the association of residential segre-
gation with the health outcomes did not differ by age. In models
assessing whether the relationship between segregation and the out-
comes varied by child sex (Table 4), no differences were found between
male and female children across all outcomes.

3.4. Secondary analysis: residential segregation trajectories and child
health

In examining the association between early-life trajectories of
exposure to segregation and child health, we found that the distribution
of trajectories for Black and White children differed widely (Fig. 3). The
percentage of Black children who always lived in high- or low-
segregation neighborhoods was about 30% for each neighborhood
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Table 4
Association of residential segregation with child health outcomes, by race/
ethnicity and sex.

Estimated coefficient [95% CI]

Poor/fair/good Overweight/obese Behavioral
health problems index
Black children
Segregation * —0.008 [-0.025, —0.005 [-0.029, 0.210 [-0.068,
female 0.010] 0.019] 0.489]
Segregation 0.015* [0.002, —0.010 [-0.028, —0.076 [-0.284,
0.027] 0.009] 0.132]
White children
Segregation * —0.005 [-0.032, 0.001 [-0.049, —0.208 [-0.809,
female 0.021] 0.051] 0.393]
Segregation 0.007 [-0.012, —0.027 [-0.063, 0.317 [-0.150,
0.026] 0.010] 0.785]

*p < 0.05, **p < 0.01.

Note: Sample data were drawn from the Panel Study of Income Dynamics’ Child
Development Supplement (CDS) waves in 1997, 2002, 2007, and 2014. Sample
includes 1251 Black children (female = 589; male = 662) and 1427 White
children (female = 712; male = 715) who participated in CDS waves at least
twice. Residential segregation was measured using local Getis-Ord G* statistics.
Neighborhood was defined as census tract. Coefficients were estimated using
linear regression models with individual fixed effects, adjusting for individual
and neighborhood characteristics. Standard errors were clustered at the indi-
vidual level. Main effects for sex were omitted because time-invariant variables
are not estimated in FE models.

type; 10% of Black children moved from high-to low-segregation
neighborhoods; and 8% moved from low-to high-segregation neigh-
borhoods. The remaining 15% moved back and forth between high- and
low-segregation neighborhoods. In contrast, about 87% of White chil-
dren always lived in low-segregation neighborhoods, while only 3%
always lived in high-segregation neighborhoods. The percentage of
White children who moved from high-to low-segregation neighbor-
hoods, from low-to high-segregation neighborhoods, or who moved
back and forth was 4%, 2%, and 4%, respectively. Thus, White children
consistently lived in low-segregation neighborhoods at three times the
rate of Black children, while Black children consistently lived in high-
segregation neighborhoods at ten times the rate of White children.
Regression results from trajectory models (Table 5) showed that
Black children who moved from high-to low-segregation neighborhoods
were less likely to report poor health (8 = -0.060; 95% CI, —0.103,
—0.017), compared with those living in low-segregation neighborhoods

Always in low-segregation
Always in high-segregation
From high- to low-segregation
From low- to high-segregation
Others
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for the entire period, while those who moved from low-to high-segre-
gation neighborhoods were less likely to be overweight/obese (f =
-0.062; 95% CI, —0.122, —0.001). For White children, those who moved
from high-to low-segregation neighborhoods were less likely to report
poorer health ( =-0.036; 95% CI, —0.055, 0.020), compared with those
living in low-segregation neighborhoods throughout. Also, for White
children, moving from low-to high-segregation neighborhoods was
associated with more behavioral problems (8 = 1.52, 95% CI, 0.23,
2.82), as was moving back and forth between low- and high-segregation
neighborhoods (f = 1.74; 95% CI, 0.71, 2.77). Results were similar
when we excluded family income and neighborhood covariates (Ap-
pendix Table C2).

4. Discussion

In this study, we investigated the association between residential
racial segregation and child health using data from a U.S. nationwide
longitudinal study that followed respondents’ residential locations and
health outcomes throughout childhood, using both fixed effects and
trajectory models. We found that higher residential segregation was
associated with several worse outcomes among Black and White chil-
dren, even conditioning on individual and neighborhood characteristics.

First, our results suggest that residential segregation has negative
impacts on Black children’s self-rated health, a powerful predictor of
disease and mortality (Jylha, 2009). This was especially the case for
older Black children (aged 11-17 years). While the majority of prior
research has found a negative association between residential segrega-
tion and individual health among Black people (Schwartz et al., 2022;
Williams et al., 2019), some studies have found the opposite, arguing
that segregation could potentially offer protective effects for Black
people by providing stronger social cohesion and lowering exposure to
interpersonal racism (Fang et al., 1998; Halpern, 1993). Our results are
aligned with the majority of past research, indicating that residential
segregation has more harms than benefits for individual health, espe-
cially for older children, such that the adverse effects of structural and
institutional racism in segregated neighborhoods may outweigh any
benefits of avoiding interpersonal racism in the immediate neighbor-
hood environment. Further, among White children, moving out of
high-segregation neighborhoods during childhood was associated with a
lower probability of poor self-rated health. This suggests that at least
some of the negative health consequences of under-resourced highly
segregated neighborhoods are shared across race.

Interpreting our results on behavioral problems across race similarly

(32%)
(35%)
Black children

Always in low-segregation (87%)
Always in high-segregation (3%)
From high- to low-segregation (4%) White children
From low- to high-segregation (2%)
Others (4%)
0 1000 2000 3000 4000 5000 6000

Fig. 3. Residential segregation trajectories, by race

Person-year observations

Note: Data were drawn from the Panel Study of Income Dynamics’ Child Development Supplement (CDS) waves in 1997, 2002, 2007, and 2014. Sample includes
3253 Black children and 3628 White children who participated in CDS waves at least once. Residential segregation was measured using local Getis-Ord G* statistics.
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Table 5
Association of childhood residential segregation trajectories with child health,
by race.

Estimated coefficient [95% CI]

Poor/fair/good Overweight/obese ~ Behavioral
health problems index
Black children
Always in low ref. ref. ref.
segregation
Always in high —0.030 [-0.064, 0.002 [-0.044, —0.076 [-0.716,
segregation 0.004] 0.047] 0.564]
From high to low —0.060** —0.024 [-0.083, —0.151 [-0.645,
segregation [-0.103, —0.017] 0.034] 0.947]
From low to high —0.041 [-0.086, —0.062* [-0.122, 0.635 [-0.199,
segregation 0.005] —0.001] 1.460]
Others —0.025 [-0.066, —0.006 [-0.059, —0.358 [-1.077,
0.017] 0.047] 0.362]
White children
Always in low ref. ref. ref.
segregation
Always in high 0.007 [-0.056, 0.006 [-0.087, —0.788 [-2.026,
segregation 0.070] 0.098] 0.450]
From high to low —0.036* [-0.055, —0.013 [-0.085, —0.200 [-1.257,
segregation 0.020] 0.058] 0.856]
From low to high 0.053 [0.013, 0.041 [-0.048, 1.523* [0.232,
segregation 0.118] 0.131] 2.815]
Others 0.044 [-0.010, 0.033 [-0.036, 1.741** [0.711,
0.098] 0.102] 2.772]

*p < 0.05, **p < 0.01.

Note: Data were drawn from the Panel Study of Income Dynamics’ Child
Development Supplement (CDS) waves in 1997, 2002, 2007, and 2014. Sample
includes 3253 Black children and 3628 White children who participated in CDS
waves at least once. Residential segregation was measured using local Getis-Ord
G* statistics. High segregation was defined as G* statistics greater than 1.96.
Neighborhood was defined as census tract. Coefficients were estimated using
linear regression models with individual fixed effects, adjusting for individual
and neighborhood characteristics. Standard errors were clustered at the indi-
vidual level to account for within-person correlation.

requires an eye towards the balance between positive and negative
health exposures that may accompany segregation. Specifically, among
Black children, we found no relationship between segregation and
behavioral problems; in contrast, White children who moved into high-
segregation neighborhoods saw more behavioral problems than those
who always lived in low-segregation neighborhoods. We interpret this as
reflecting a different balance between the countervailing influences
alluded to above across race: (A) negative environmental exposures in
highly segregated Black neighborhoods resulting from disproportionate
disinvestment in these communities—which affect all children, across
race—and (B) the positive effects of social cohesion and community
among Black people, which only affect Black children. For behavioral
problems, unlike for self-rated health, we interpret our findings as sug-
gesting that these two forces appear to balance among Black children.
Thus, among Black children we see null results for behavioral problems,
while among White children highly segregated neighborhoods appear
straightforwardly damaging.

Past research suggests these “negative environmental exposures” for
behavioral problems could take several forms. For instance, living in
segregated neighborhoods with severely low resources may be associ-
ated with higher levels of stress coupled with fewer institutional sup-
ports for children’s mental health and wellness. This may collectively
lead to a heavier burden for managing mental and emotional challenges
(Huesmann & Guerra, 1997; Singh & Ghandour, 2012). Further, segre-
gated neighborhoods may incite or exacerbate behavioral health prob-
lems through harmful institutional environments downstream of
residential segregation. Racially segregated schools, for example—-
which suffer from inequitable funding and aggressive school dis-
cipline—have been found to have a negative impact on behavioral
problems among Black children (Wang et al., 2022). In addition,
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residential segregation may affect child behavioral problems through
both family and community exposure to environmental insults (Sell-
strom & Bremberg, 2006). Prior studies have found that living in
disadvantaged neighborhoods was associated with adverse childhood
experiences through heightened psychological distress for their parents
and a less favorable psychosocial environment (e.g., exposure to higher
levels of community violence driven by neighborhood disadvantage)
(Mersky et al., 2017). Meanwhile, strengthened community ties through
shared experiences and Black community institutions may be protective
for behavioral problems among Black children (Halpern, 1993; Williams
& Collins, 2016). Future research is needed to investigate the degree to
which these positive and negative paths mediate the observed
associations.

Our results for weight status suggest that residential segregation
decreased the risk of being overweight/obese, potentially for both Black
and White children. This contradicts our hypothesis that residential
segregation may increase the chance of childhood overweight/obesity
through channels such as limited access to healthy food or increased
stress. Past findings on residential segregation and obesity have been
mixed (Kershaw & Pender, 2016). Studies were mostly cross-sectional,
focused on adults, and varied by the geographic scale of the segrega-
tion measure, gender, and race/ethnicity (Kershaw & Pender, 2016). In
our case, we faced an additional measurement challenge: in CDS wave I,
weight was reported by the primary caregiver at the time of the inter-
view, which may have been inaccurate. Future research using other data
sets with objective measures of height and weight may help clarify the
literature and test the robustness of our findings.

Although we focus on child health, health problems during early life
can cast a long shadow, and the potential negative impacts of residential
segregation may accumulate and lead to poorer adult well-being
(Caunca et al., 2020; Schwartz et al, 2022). Chronic stress caused by
continuously living in high-segregation neighborhoods can reduce
health and physiologic function over time, yielding lasting dysregula-
tion (Glymour & Manly, 2008). Poor child health itself has also been
found to be associated with a higher probability of chronic morbidity in
later life (e.g., cancer, lung disease, cardiovascular conditions, and
arthritis) (Blackwell et al., 2001), and worse social and economic out-
comes (Smith, 2009).

Further, while anti-Black structural racism targets Black commu-
nities, our findings underscore that its existence makes neighborhoods
pathogenic to other residents, not only those who are Black; residential
segregation is a cross-racial public health problem. For example, our
findings are consistent with prior work examining mortality from a 1995
heatwave in Chicago (Klinenberg, 2015). which demonstrated that older
people—regardless of race—died at higher rates in predominantly Black
neighborhoods and that these avoidable deaths were driven by Black
residential communities systematically receiving less governmental
support, making life-saving social support of older adults difficult to
sustain. Similarly, while Black-White inequities in childhood asthma are
large, disparities disappear in predominantly Black ZIP codes (Alex-
ander & Currie, 2017), suggesting that children of many races are
impacted by the negative health consequences of Black segregation.

Our study has several strengths. First, it is among the first to use a
rich longitudinal data set and robust longitudinal analytic techniques to
examine the association between residential segregation and child
health outcomes. It thereby addresses challenges in previous studies that
have been largely cross-sectional, only capturing a snapshot of the
relationship between residential segregation and health at a single time
point and potentially masking the dynamic nature of neighborhoods.
Second, we used data from a nationwide sample, improving upon prior
research conducted in more limited geographic areas. Third, despite a
well-established literature linking residential racial segregation and
adult health, research examining health during childhood, a critical
stage of development, is limited; our study contributes to filling this gap.

Our study also has limitations. First, outcomes and covariates were
self-reported and therefore may be subject to reporting biases. Second,
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we could not disentangle the multiple pathways through which resi-
dential segregation influences health, as these variables were not
captured in PSID—e.g., neighborhood deprivation and disinvestment,
constrained socioeconomic opportunities, discrimination, and social
cohesion. Third, our results may suffer from reverse causation, in that a
move to a high-segregation neighborhood may be the result of a family
or child health problem, rather than the cause. Relatedly, while our
exposure of interest is residential segregation, other factors associated
with this exposure may also confound the relationship between segre-
gation and these health outcomes; more complicatedly still, many of
these (e.g., pollution levels) are also likely mediators between residen-
tial segregation and poor health, requiring more sophisticated methods,
such as marginal structural models. Future studies can further tease
apart specific mechanisms and address this through the identification
and analysis of natural experiments. Finally, our research is limited to
Black and White children and only focuses on anti-Black residential
segregation; future research should use data sets with larger samples of
other racial/ethnic groups and multi-group segregation measures to
further examine how segregation affects children of all racial/ethnic
groups.

5. Conclusion

The findings of this study suggest that living in more segregated
neighborhoods was associated with poorer self-rated health among both
Black and White children, and more behavioral problems among White
children. The results highlight the importance of evaluating strategies
that improve the health of segregated communities or eliminate segre-
gation to benefit U.S. Americans of many racial groups. This could
reduce persistent racial health disparities, ensuring that children are set
up for a healthy present and future. Future studies should examine the
effects of policies that promote residential integration or that provide
more health-promoting resources for those living in segregated
neighborhoods.
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