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Childhood Asthma Incidence, Early and Persistent Wheeze,
and Neighborhood Socioeconomic Factors in the ECHO/CREW Consortium
Antonella Zanobetti, PhD; Patrick H. Ryan, PhD; Brent Coull, PhD; Cole Brokamp, PhD; Soma Datta, MS, MBA;
Jeffrey Blossom, MA; Nathan Lothrop, PhD; Rachel L. Miller, MD; Paloma I. Beamer, PhD;
Cynthia M. Visness, PhD, MPH; Howard Andrews, PhD; Leonard B. Bacharier, MD; Tina Hartert, MD;
Christine C. Johnson, PhD; Dennis Ownby, MD; Gurjit K. Khurana Hershey, MD, PhD; Christine Joseph, PhD;
Song Yiqiang, PhD; Eneida A. Mendonça, MD, PhD; Daniel J. Jackson, MD; Heike Luttmann-Gibson, PhD;
Edward M. Zoratti, MD; Anne L. Wright, PhD; Fernando D. Martinez, MD; Christine M. Seroogy, MD;
James E. Gern, MD; Diane R. Gold, MD; for the Children’s Respiratory and Environmental Workgroup (CREW)
Consortium

IMPORTANCE In the United States, Black and Hispanic children have higher rates of asthma
and asthma-related morbidity compared with White children and disproportionately reside in
communities with economic deprivation.

OBJECTIVE To determine the extent to which neighborhood-level socioeconomic indicators
explain racial and ethnic disparities in childhood wheezing and asthma.

DESIGN, SETTING, AND PARTICIPANTS The study population comprised children in birth
cohorts located throughout the United States that are part of the Children’s Respiratory and
Environmental Workgroup consortium. Cox proportional hazard models were used to
estimate hazard ratios (HRs) of asthma incidence, and logistic regression was used to
estimate odds ratios of early and persistent wheeze prevalence accounting for mother’s
education, parental asthma, smoking during pregnancy, child’s race and ethnicity, sex, and
region and decade of birth.

EXPOSURES Neighborhood-level socioeconomic indicators defined by US census tracts
calculated as z scores for multiple tract-level variables relative to the US average linked to
participants’ birth record address and decade of birth. The parent or caregiver reported the
child’s race and ethnicity.

MAIN OUTCOMES AND MEASURES Prevalence of early and persistent childhood wheeze and
asthma incidence.

RESULTS Of 5809 children, 46% reported wheezing before age 2 years, and 26% reported
persistent wheeze through age 11 years. Asthma prevalence by age 11 years varied by cohort,
with an overall median prevalence of 25%. Black children (HR, 1.47; 95% CI, 1.26-1.73) and
Hispanic children (HR, 1.29; 95% CI, 1.09-1.53) were at significantly increased risk for asthma
incidence compared with White children, with onset occurring earlier in childhood. Children
born in tracts with a greater proportion of low-income households, population density, and
poverty had increased asthma incidence. Results for early and persistent wheeze were
similar. In effect modification analysis, census variables did not significantly modify the
association between race and ethnicity and risk for asthma incidence; Black and Hispanic
children remained at higher risk for asthma compared with White children across census
tracts socioeconomic levels.

CONCLUSIONS AND RELEVANCE Adjusting for individual-level characteristics, we observed
neighborhood socioeconomic disparities in childhood wheeze and asthma. Black and
Hispanic children had more asthma in neighborhoods of all income levels. Neighborhood- and
individual-level characteristics and their root causes should be considered as sources of
respiratory health inequities.
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W heezing during early childhood is common and fre-
quently incited by viral respiratory illnesses.1,2 While
childhood wheezing may remit, symptoms persist

in subgroups of children, many of whom have allergic sensi-
tization and lower lung function and continue on to develop
asthma.1,2 In the United States, asthma remains the most com-
mon chronic disease of childhood. The prevalence and mor-
bidity of asthma are disproportionately borne by Black and His-
panic children.3 Moreover, the prevalence and morbidity of
childhood asthma are significantly elevated in neighbor-
hoods with increased poverty and urbanicity.3-5 Understand-
ing the relationships between race and ethnicity and the physi-
cal and social environments of neighborhoods that contribute
to the persistence of early childhood wheeze and onset of
asthma is essential to guiding research, policies, and interven-
tions to reduce asthma disparities.

Recently, childhood asthma incidence rates in the United
States were examined among birth cohorts participating in the
Environmental Influences on Child Health Outcomes (ECHO)6

and Children’s Respiratory and Environmental Workgroup
(CREW)7 consortiums, and differential rates of asthma inci-
dence were identified by age, sex, race, and calendar years.
Asthma incidence rates were highest among children younger
than 4 years and Black and Caribbean Hispanic children. The
contribution of neighborhood-level factors to asthma inci-
dence in these populations was not examined. The objectives
of the present analysis are to (1) determine the associations of
neighborhood-level socioeconomic status measures with early
and persistent childhood wheezing and asthma incidence and
(2) examine whether neighborhood-level socioeconomic sta-
tus modifies the association between race and ethnicity and
childhood wheezing and asthma incidence.

Methods
Study Population
Our study population included 10 of 12 birth cohorts partici-
pating in CREW (eTable 1 in Supplement 1). Eligibility criteria,
study recruitment, and other methods have been described.8

All cohorts had institutional review board approvals from each
participating cohort’s institution, and participants provided
written informed consent.

Neighborhood Socioeconomic Factors
We ascertained census tract-level information for all CREW par-
ticipants at their birth address using our previously de-
scribed Decentralized Geomarker Assessment for Multi-site
Studies (DeGAUSS) approach.9 Briefly, US Census data includ-
ing population density (population per kilometer squared), me-
dian household income, percentage below poverty level (per-
centage of individuals in tract whose income is below the
federal poverty level), percentage of low-income households
(income <$7500, $12 500, $20 000, and $25 000 for census
years 1980, 1990, 2000, and 2010, respectively), percentage
without high school diploma, percentage occupied housing,
median gross rent, median housing value, percentage with a
female head of household, percentage with a single-parent

head of household, and percentage unemployed. Boundary
files for the years 1980, 1990, 2000, and 2010 were provided
along with R code in a Docker container to each cohort.9 Co-
hort data managers merged census data to participant birth ad-
dress using census year nearest to the birth year and then re-
moved identifiable information.

For our analyses, enabling comparisons across all US cen-
sus tracts, we standardized each census variable by calculat-
ing the z score by subtracting the mean of all tract values in
the United States from the value for the participant’s tract and
dividing this result by the standard deviation of all tract val-
ues in the US Census data. We used continuous z scores in our
main analyses, while for effect modification analysis, z score
variables were categorized into quartiles: low for z scores less
than the 25th percentile, medium for z scores in the 25th
through 75th percentiles, and high for z scores greater than the
75th percentile.

Health Outcomes
We examined asthma incidence through age 11 years, early
wheeze, and persistent wheeze. Age at asthma onset was as-
certained by caregiver report of the age at which a doctor di-
agnosed their child with asthma, up to age 11 years. In a sec-
ondary definition, we excluded cases of incident asthma if
children were reported to have asthma before age 5 years with-
out any reported wheeze from ages 5 through 11 years. We de-
fined early wheeze as caregiver-reported wheeze at either age
1 or 2 years and persistent wheeze as any report of wheeze up
to age 4 years and at least 1 report of wheeze from ages 5
through 11 years.

Individual Characteristics
Cohort data managers provided data collected at enrollment,
including child’s sex, child’s race and ethnicity (as reported by
parent or caregiver), mother’s education, maternal-reported
smoking during pregnancy, and parental history of asthma. We
classified child’s race and ethnicity as Hispanic, non-
Hispanic Black (Black), non-Hispanic White (White), and other

Key Points
Question Is there an association between neighborhood
characteristics at birth, race and ethnicity, and the risk for
developing childhood wheeze and asthma?

Findings In this cohort study, using survival analysis, we found
that children born in census tracts with higher population density
and greater proportion of low-income households and poverty
had higher hazard ratios of asthma incidence, after adjusting for
individual-level characteristics. Black and Hispanic children were at
significantly higher risk for developing asthma than White children,
and they remained at increased risk for asthma incidence when we
examined the risk for asthma across neighborhoods of all income
levels.

Meaning Neighborhood characteristics at birth and race and
ethnicity play a role in the development of childhood wheezing
and asthma; strategies to reduce asthma disparities must consider
the multilevel factors that underlie these findings, including
structural and social determinants of health.
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(for any race or ethnicity that did not fit into the preceding cat-
egories). The Hispanic category included specific Hispanic ori-
gins: Hispanic Mexican, Hispanic Puerto Rican/Dominican, and
Hispanic of other or unknown regional origins. Mother’s edu-
cation was categorized as (1) less than high school diploma, (2)
high school diploma, and (3) some college, associate/
technical degree, bachelor’s, master’s, or doctoral degree. Pa-
rental history of asthma was dichotomized as any parental his-
tory (history in the mother, father, or both) vs no parental
history. Self-reported household income was collected for all
cohorts except the Childhood Allergy and Asthma Study and
categorized as $30 000 or less, $30 000 to $80 000, and
$80 000 or more. In addition, we categorized participants’ de-
cade of birth (1980-1989, 1990-1999, 2000-2009, 2010-
2020) and geographic region as Northeast (Baltimore,
Maryland; Boston, Massachusetts; New York City, New York),
Midwest (Detroit, Michigan; Cincinnati, Ohio; Madison,
Wisconsin; and St Louis, Missouri), and Southwest (Tucson,
Arizona).

Statistical Analyses
Asthma Incidence
We applied Kaplan-Meier10 curves to evaluate the associa-
tion of child’s race and ethnicity and census variables with age
at asthma onset, without adjusting for confounding vari-
ables. We applied Cox proportional hazard models11 with a sex
stratification of baseline hazard to estimate the association be-
tween individual census variables and asthma incidence, ad-

justing for decade of birth, geographic region, and parental
history of asthma (model 1) and adding child’s race and eth-
nicity, mother’s education, and smoking during pregnancy in
model 2.

Early and Persistent Wheeze
We applied logistic models to estimate the association be-
tween each census variable and the outcomes with the same
adjustment in models 1 and 2 as for asthma incidence. For all
outcomes and models we included 1 census variable at a time.

Effect Modification
We examined whether the association between child’s race and
ethnicity and each health outcome was modified by neigh-
borhood factors by including in model 2 an interaction term
between each categorized tract variable (low, medium, and
high) and child’s race and ethnicity, thus estimating the haz-
ard ratio (HR) and odds ratio (OR) for Black and Hispanic chil-
dren compared with White children within each tract-level vari-
able category.

We performed multiple sensitivity analyses by (1) includ-
ing household income in model 2; (2) conducting the Cox model
using the stricter definition of asthma; (3) repeating all analy-
ses stratified by sex; (4) including child’s race and ethnicity with
specific Hispanic origin6,7; and (5) applying the Aalen addi-
tive hazard model,12-14 which estimates the hazard difference
or the absolute difference from baseline. This model allowed
us to examine effect modification on the additive scale, there-

Figure 1. Kaplan-Meier Curves for Child’s Race and Ethnicity and for Census Characteristics
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fore accounting for potential differences in baseline risks be-
tween subgroups.

Results are presented as HR for asthma incidence and OR
for early and persistent wheeze and 95% CI related to 1–z score
increase in each census variable. eTable 4 in Supplement 1 pro-
vides the mean and SD for each census variable by decade to
enable conversion of 1–z score changes. All analyses were per-
formed in R version 3.404.

Results
Of the 6893 children enrolled in CREW cohorts, our analysis
of asthma incidence included 5809 children with a total of
43 260 person-years. Analyses of early wheeze and persis-
tent wheeze included 5686 and 4789 participants, respec-
tively. A diagram of the initial and analytic data sets for each
outcome is provided in eFigure 1 in Supplement 1. Covariate

data were available for 95% or more of the participants with
available outcome data (eFigure 1 in Supplement 1). The over-
all prevalence of early wheeze was 45.5% and exceeded both
the prevalence of persistent wheeze and incident asthma
(25.8% and 24.8%, respectively). The prevalence of all out-
comes varied across cohorts, which included both population-
based and high-risk families based on parental history of
asthma (eTable 1 in Supplement 1).8

The distribution of individual characteristics demon-
strates the racial and socioeconomic diversity among partici-
pants and across cohorts (eTables 2 and 3 in Supplement 1).
CREW cohorts were 25.5% Black, 17.3% Hispanic, 53.2% White,
and 4% other races and ethnicities. Maternal education var-
ied by cohort: more than 90% of participants in the cohorts
Childhood Origins of Asthma Study, Wisconsin Infant Study,
and Epidemiology of Home Allergens and Asthma Study had
a college and/or graduate degree, while 53% to 63% of partici-
pants in the Urban Environment and Childhood Asthma co-
horts had no high school diploma. The prevalence (range) of
maternal smoking during pregnancy and parental history of
asthma were 11.7% (1.9%-21.3%) and 33.6% (13.5%-76.7%), re-
spectively. Similar variability has been previously shown in the
census factors across all cohorts.9

eFigure 2 in Supplement 1 shows the distribution of child’s
race and ethnicity by categories of neighborhood character-
istics. In tracts with low proportions of the population below
the poverty level, 83% of the children were White; in tracts with
high proportions of the population below the poverty level,
49% of the children were Black and 35% Hispanic, while only
13% were White. Similar racial and ethnic disparities were ob-
served for percentage with low income, population density, and
median household income.

Asthma Incidence
The Kaplan-Meier survival curves demonstrate earlier asthma
onset among children living in census tracts with higher rates
of poverty, lower income, and lower median household in-
come and among Black children (Figure 1). Survival curves were
similar for medium and low rates of these census variables. We
observed significant associations between census variables and
asthma incidence, though results were attenuated after ad-
justing for individual-level covariates (Figure 2 and eFigure 3
in Supplement 1). Using model 2, significant inverse associa-
tions were observed between increased median household in-
come (HR, 0.88; 95% CI, 0.83-0.95) and median gross rent (HR,
0.93; 95% CI, 0.87-0.99) (Table). In addition, significant posi-
tive associations remained between increased rates of low-
income households (HR, 1.06; 95% CI, 1.01-1.12 in model 2 for
1–z score increase, corresponding to an approximate 15% in-
crease in low-income households) and increasing population
density (HR, 1.03; 95% CI, 1.01-1.05). Mean and SD for each
census variable and year are provided in eTable 4 in
Supplement 1.

We observed a persistent significant and elevated HR of
asthma incidence among Black and Hispanic children com-
pared with White children and in children with parents with
history of asthma (Table). Similar elevated HR were found when
adjusting for census variables (eTable 5 in Supplement 1).

Figure 2. Hazard Ratios of Asthma Incidence for 1–z Score Increase
in Census Tract–Level Socioeconomic Factors
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Model 1: logistic model adjusting for child’s sex, decade of birth, geographic
region, and parental history of asthma. Model 2: model 1 plus adjustment for
child’s race and ethnicity, mother’s education, and smoking during pregnancy.
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In effect modification analyses, the interaction between
child’s race and ethnicity and census variables was not statis-
tically significant, and the risk for asthma incidence was el-
evated for Black and Hispanic children, compared with White
children, in all census tracts, though approximately 7% and
20% of the population in tracts with low and medium z scores
for low income, population density, and poverty was Black
(Figure 3 and eFigures 2 and 4 in Supplement 1). Black chil-
dren living in census tracts with z scores in the 75th percen-
tile or lower for these variables had higher risk of developing
asthma compared with White children residing in these same
census tracts, after adjusting for covariates. Similar patterns
were observed for Black and Hispanic children residing in cen-
sus tracts with other tract-level indicators (eFigure 4 in Supple-
ment 1). In sensitivity analyses, applying additive hazard mod-
els, we did not observe significant effect modification between
child race and ethnicity and neighborhood socioeconomic fac-
tors, with similar patterns of elevated risk for Black and
Hispanic children (eFigure 5 in Supplement 1). We also found
that the results did not change and were consistent when we
used the secondary asthma incidence definition, addition-
ally adjusted for household income, and used specific His-
panic origin with all Hispanic groups at increased risk of asthma
incidence (eFigures 6 and 7 and eTable 6 in Supplement 1).
Similar results for both boys and girls were observed for mod-
els stratified by sex (eFigure 7 in Supplement 1).

Early and Persistent Wheeze
Most neighborhood socioeconomic factors were associated
with both early and persistent wheeze in unadjusted and
minimally adjusted model 1 (eFigure 8 in Supplement 1 and
Figure 4). After adjusting for individual-level covariates
(model 2), residing in a census tract with higher median
household income remained significantly associated with
decreased risk of early wheeze (OR, 0.94; 95% CI, 0.88-1.01,
per z score increase). For persistent wheeze, in model 2, we
observed significantly decreased odds for children residing
in census tracts with higher median household income (OR,
0.89; 95% CI, 0.81-0.96) and elevated but not statistically
significant odds ratios for census tracts with higher percent-
age of population with a female head household (OR, 1.07;
95% CI, 0.99-1.15) or single-parent household (OR, 1.08;
95% CI, 1.00-1.16) (Table).

We observed significantly higher odds ratios for both per-
sistent and early wheeze among Black and Hispanic children
compared with White children, in children of parents with a
history of asthma and among children of mothers who smoked
during pregnancy (Table). In models examining the interac-
tion between race and ethnicity and socioeconomic status in-
dicators, we did not observe significant effect modification (re-
sults not shown). Additional adjustment for household income
and Hispanic region of origin in sensitivity analyses did not
change the overall results of our models (results not shown),

Table. Hazard Ratios of Asthma Incidence and Odds Ratios of Persistent Wheeze and Early Wheeze
for the Individual Characteristics and Census Variables in Model 2a

Characteristic
Asthma incidence, HR
(95% CI)

OR (95% CI)

Persistent wheeze Early wheeze

Child race and ethnicityb

Black 1.47 (1.26-1.73) 1.76 (1.42-2.17) 1.16 (0.98-1.37)

Hispanic 1.29 (1.09-1.53) 1.38 (1.11-1.72) 1.20 (1.00-1.43)

White 1 [Reference] 1 [Reference] 1 [Reference]

Other 0.98 (0.73-1.30) 1.39 (0.99-1.95) 1.02 (0.77-1.34)

Mother’s education

Some college or more 1 [Reference] 1 [Reference] 1 [Reference]

High school diploma 1.07 (0.93-1.22) 1.08 (0.90-1.29) 1.26 (1.10-1.46)

No high school diploma 1.08 (0.92-1.28) 1.00 (0.79-1.27) 1.42 (1.17-1.72)

Parental history of asthma 2.08 (1.87-2.31) 2.24 (1.95-2.58) 1.64 (1.47-1.85)

Smoking during pregnancy 1.07 (0.91-1.26) 1.32 (1.07-1.63) 1.29 (1.09-1.54)

Census variables from single exposure
models

Median household income 0.88 (0.83-0.95) 0.89 (0.81-0.96) 0.94 (0.88-1.01)

% Below poverty level 1.04 (0.99-1.09) 1.00 (0.93-1.07) 1.00 (0.94-1.05)

% Low income 1.06 (1.01-1.12) 1.02 (0.95-1.10) 1.00 (0.94-1.06)

Median housing unit value 1.03 (0.98-1.08) 0.98 (0.91-1.05) 0.99 (0.94-1.05)

Median gross rent 0.93 (0.87-0.99) 1.02 (0.94-1.11) 0.95 (0.89-1.02)

% Occupied housing 1.01 (0.94-1.10) 0.96 (0.87-1.07) 0.96 (0.89-1.05)

% Female head of household 1.03 (0.98-1.08) 1.07 (0.99-1.15) 1.05 (0.99-1.11)

% Single-parent household 1.03 (0.97-1.09) 1.08 (1.00-1.16) 1.05 (0.98-1.11)

% Unemployed 1.01 (0.96-1.07) 1.05 (0.97-1.13) 0.99 (0.93-1.05)

% Without high school diploma 1.03 (0.97-1.10) 1.04 (0.95-1.13) 1.01 (0.94-1.09)

Population density 1.03 (1.01-1.05) 1.00 (0.97-1.03) 0.98 (0.96-1.01)

Abbreviations: HR, hazard ratio; OR,
odds ratio.
a Adjusted for decade of birth,

geographic region, child’s sex,
child’s race and ethnicity, mother’s
education, smoking during
pregnancy, and parental history of
asthma.

b Race and ethnicity were reported by
each child’s parent or caregiver and
classified by us as Hispanic,
non-Hispanic Black (Black),
non-Hispanic White (White), or
other (for any race or ethnicity that
did not fit into the preceding
categories).
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and all Hispanic groups were at increased risk (eTable 5 in
Supplement 1).

Discussion
Black US populations continue to experience nearly 40%
higher rates of asthma and 5 times higher rates of asthma-
related emergency department visits than White patients
with asthma.15 Despite decades of research, the structural,
social, behavioral, and biological determinants that drive

these inequitable outcomes remain ill-defined, due in part
to the highly correlated nature of race and ethnicity, pov-
erty, adverse physical environments, unequal access to
health care, and multitude of structural, systemic, and insti-
tutional determinants that are deeply ingrained in US poli-
cies and culture.15 In this longitudinal study of more than
5000 children born over nearly 4 decades, we analyzed the
association between race and ethnicity, in the context of
neighborhood-level factors, and childhood wheeze and inci-
dent asthma. We found large disparities in census socioeco-
nomic indicators by race and ethnicity, with Black and
Hispanic children more likely to reside in neighborhoods
with greater population densities and higher rates of pov-
erty. We also observed that children born in census tracts
with higher levels of poverty and lower household income
were at elevated risk for childhood wheezing and develop-
ing asthma. Furthermore, race and ethnicity persisted as a
risk factor after adjusting for neighborhood income, sug-
gesting the presence of structural inequities that increase
wheeze and asthma risk among Black and Hispanic children
residing in more affluent as well as poorer neighborhoods.

Efforts to define root causes of asthma-related health dis-
parities among racial and ethnic groups and between urban and
rural areas7,16-18 have been limited by complex interactions
among multiple individual- and neighborhood-level factors
that contribute to asthma incidence and morbidity.19-21 Pro-
posing a framework to conceptualize root causes of asthma dis-
parities, the Asthma and Allergy Foundation of America con-
cluded that structural and social determinants, including
racism, discrimination, discriminatory policies, education,
physical environment, and access to health care play signifi-
cant roles, with biological and behavioral determinants con-
tributing to a lesser extent.15 This conclusion applies to indi-
vidual-level characteristics as well as neighborhood-level
descriptors of income and poverty, likely indicators for struc-
tural disparities resulting from a lack of resources in less af-
fluent neighborhoods.

Our findings that both race and ethnicity and neighbor-
hood factors are associated with childhood wheeze and asthma
incidence are similar to some but not all prior cross-sectional
studies.3,5 We did not find that neighborhood factors signifi-
cantly modified estimates of risk for asthma among Black or
Hispanic children. However, the risk for asthma incidence re-
mained higher for Black and Hispanic children across neigh-
borhood socioeconomic status categories. Thus, living in more
affluent neighborhoods may not remove all of the risk spe-
cific to being Black or Hispanic. Stress, racial bias, and differ-
ential access to health care and other resources may persist
among Black families living in more affluent neighborhoods22,23

and could contribute to asthma risk.
Our study has multiple strengths, including the prospec-

tively assessed childhood wheeze and asthma from birth
through childhood. CREW cohorts are located in urban and ru-
ral areas throughout the United States and were enrolled from
the 1980s through 2018, providing socioeconomic, racial and
ethnic, geographic, and temporal diversity. Another strength
was our use of a longitudinal data set of census-derived tract-
level socioeconomic, demographic, and housing variables for

Figure 3. Effect Modification of Individual Race and Ethnicity
by Selected Neighborhood Socioeconomic Factors

0.5 2.0 3.51.5 2.5 3.0
HR (95% CI)

1.0

Factor
Black children

Below poverty level, %
<25th

25th-75th

>75th

Median household income
<25th

25th-75th

>75th

Low income, %
<25th

25th-75th

>75th

Median gross rent
<25th

25th-75th

>75th

Population density
<25th

25th-75th

>75th

Hispanic children
Below poverty level, %

<25th

25th-75th

>75th

Median household income
<25th

25th-75th

>75th

Low income, %
<25th

25th-75th

>75th

Median gross rent
<25th

25th-75th

>75th

Population density
<25th

25th-75th

>75th

HR (95% CI)

1.96 (1.32-2.92)

1.76 (1.46-2.13)

1.33 (0.96-1.84)

1.24 (0.89-1.72) 

1.65 (1.36-2.00)

1.36 (0.82-2.27)

1.65 (1.11-2.47) 

1.66 (1.37-2.02)

1.35 (1.00-1.83)

1.59 (1.24-2.04)

1.76 (1.46-2.12)

1.21 (0.86-1.70)

1.85 (1.27-2.70)

1.68 (1.38-2.05)

1.72 (1.27-2.31)

1.55 (1.02-2.35)

1.14 (0.91-1.45)

1.39 (0.99-1.97)

1.12 (0.78-1.59)

1.36 (1.10-1.68)

1.34 (0.84-2.14)

1.56 (1.06-2.30)

1.27 (1.01-1.58)

1.28 (0.93-1.77)

1.20 (0.86-1.68)

1.44 (1.17-1.78)

1.48 (1.10-1.99)

1.61 (1.11-2.32)

1.05 (0.79-1.38)

1.65 (1.21-2.25)

Results are presented as hazard ratios of asthma incidence for Black and
Hispanic race and ethnicity compared with White as reference, for each
neighborhood socioeconomic factor category.
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multiple decades with attention to longitudinal comparabil-
ity of income, poverty, and geographic boundaries.9 Our De-
GAUSS approach enabled cohort data managers to assign cen-
sus information to birth record addresses in a decentralized
manner, preserving protections for the participants.

Limitations
Study limitations include harmonization of data from sev-
eral independent cohorts using some different variable defi-
nitions. Individual-level income was not available in all
cohorts and was coded differently in each cohort. Neverthe-
less, in sensitivity analyses, our results were consistent in
models including individual-level income. Differences in
eligibility criteria between cohorts resulted in some cohorts
having study populations at increased risk for asthma, when
enrollment criteria included parental history of asthma or
allergy. We adjusted for parental history of asthma to
account for some of these differences. Results were also
similar when including a random effect for cohort in our

analyses (data not shown). Although we studied neighbor-
hood characteristics at birth, future analyses will also con-
sider how residential mobility may influence changes in
neighborhood exposures and how these, in turn, may alter
asthma-related outcomes. Nevertheless, our analyses
underscore the importance of the environment during early
life in asthma development.

Our findings call for further identification of exposures
within and across neighborhoods conferring increased risk for
Black and Hispanic children and mechanistic studies to ascer-
tain the etiology of this risk. Multiple structural and social de-
terminants of health may play a role in the elevated risk for
asthma among Black and Hispanic children, including sys-
temic and individual racism, segregation, poverty, and health
care access. Physical environmental factors (eg, indoor and out-
door air pollutants, housing quality, limited greenspace ac-
cess) may also contribute to asthma incidence and morbidity
and are experienced disproportionately by people from racial
and ethnic minorities.

Figure 4. Odds Ratios of Persistent Wheeze and Early Wheeze for 1–z Score Increase in Each Neighborhood Socioeconomic Factor
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Model 1: logistic model adjusting for child’s sex, decade of birth, geographic region, and parental history of asthma. Model 2: model 1 plus adjustment for child’s race
and ethnicity, mother’s education, and smoking during pregnancy.
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Conclusions

Using the information provided by longitudinal CREW
cohorts, we found that neighborhood characteristics at
birth, including higher population density and poverty,
were associated with elevated risk of asthma incidence but
did not significantly modify the association between race
and ethnicity and asthma incidence. Across all neighbor-
hoods, Black and Hispanic children were at higher risk than
White children for developing asthma. Our findings add to

the body of knowledge by demonstrating that both race
and ethnicity and neighborhood factors are associated with
the onset of disease. Future studies should consider
neighborhood- and individual-level characteristics that
individually or in combination explain elevated rates of
asthma incidence. Observational studies identifying multi-
level risk factors responsible for inequities in respiratory
health can be used to guide interventions and policies
enacted at local levels to improve health among those dis-
proportionately exposed to and affected by the environ-
ments in which they live.
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to promote the development of specific asthma
endotypes.
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