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Abstract

Objective: To examine prospectively associations of neighborhood opportunity with the presence
of dampness or pests in the home environment during early adolescence.

Study Design: We geocoded residential addresses from 831 children (mean age 7.9 years,
2007-2011) in the Project Viva cohort. We linked each address with census tract-level Child
Opportunity Index scores, which capture neighborhood conditions and resources influencing

child heath including educational, health, environmental, and socioeconomic factors. Our primary
outcome was presence of dampness or pests in the home in early adolescence (mean age 13.2
years, 2013-2016). Secondary outcomes included current asthma and lung function testing results.
Mixed-effects regression models estimated longitudinal associations of Child Opportunity Index
scores with outcomes, adjusting for individual and family sociodemographics.
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Results: Children residing in neighborhoods with higher overall opportunity were less likely to
live in homes with dampness or pests approximately 5 years later (adjusted odds ratio = 0.85 per
20-unit increase in Child Opportunity Index percentile rank, 95% confidence interval 0.73, 0.998).
We observed no significant associations in adjusted models of overall neighborhood opportunity
with current asthma or lung function. Lower school poverty or single-parent households and
higher access to healthy food or economic resource index were associated with lower odds of a
home environment with dampness or pests.

Conclusions: More favorable neighborhood conditions in mid-childhood were associated with
lower likelihood of living in a home with dampness or pests in the early adolescence.
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Striking health inequities exist in the prevalence and severity of childhood asthma, driven
by structural factors including poverty and racism.[1-7] Asthma is a leading indication for
emergency department visits and hospitalizations in children.[8,9] Asthma is a major driver
of pediatric health inequity, with marked disparities and widespread prevalence.

There is growing recognition that social and environmental conditions in which children
reside influence their health, both in homes and neighborhoods.[10] Community poverty
manifests as limited neighborhood resources and adverse physical conditions, harming
children’s health and deepening health inequities.[11,12] “Neighborhood opportunity”
describes the conditions and resources in the community that influence child development
and long-term health.[13-17] These neighborhood conditions include educational, health,
environmental, and socioeconomic factors. [16,17] The Child Opportunity Index is a
surveillance tool that incorporates traditional (e.g., median household income) and novel
(e.g., access to healthy food choices or green space) attributes of neighborhood conditions
and resources important for child health and development.[16-19]

Children living in neighborhoods with less favorable opportunities, defined by lower

Child Opportunity Index scores, have higher rates of emergency department visits and
hospitalizations for asthma.[20-22] The ways in which neighborhood conditions and
resources for children influence asthma symptoms and severity, however, is not clear.
Establishing the mechanisms of this relationship would inform interventions and policies

to improve health for vulnerable children with asthma and advance health equity in children.

To address these knowledge gaps, we examined associations of neighborhood opportunity
for children (defined by the Child Opportunity Index) with the presence of dampness

or pests in the home, as well as with respiratory outcomes including lung function and
current asthma. We hypothesized that children residing in neighborhoods with less favorable
opportunity in mid-childhood and early adolescence would be more likely to live in home
environments with dampness or pests in early adolescence.
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Study Sample

Project Viva is a study of prenatal and postnatal factors affecting maternal and child health.
[23] We recruited eligible pregnant women at their first prenatal visit between April 1999
and November 2002. Participants were recruited from obstetric practices at Atrius Harvard
Vanguard Medical Associates in eastern Massachusetts. Mothers provided written informed
consent at enrollment and follow-up study visits. Children provided verbal assent at study
visits beginning in mid-childhood. The Institutional Review Board at Harvard Pilgrim
Health Care approved the project.

Of 2128 live singleton births, we excluded 987 children with no outcome measures in
early adolescence (2013-2016) and an additional 310 children who did not attend a mid-
childhood visit or do not have exposure data (2007-2011), leaving 831 participants in our
sample (Figure 1; online).

Exposure: Child Opportunity Index

We geocoded each participant’s residential address at mid-childhood (mean age 7.9 years,
SD 0.8) and early adolescence (mean age 13.1 years, SD 0.9) using ArcGIS (Esri,
Redlands, CA). We linked the census tract location at mid-childhood (2007-2011) to Child
Opportunity Index data for the year 2010, while census tract locations in early adolescence
(2013-2016) were linked to data for the year 2015.

The Child Opportunity Index as a summary measure of the quality of neighborhoods in
which children live across the US developed by researchers.[17] Briefly, the index includes
29 indicators of neighborhood quality — drawn from public sources including the Census
Bureau, the National Center for Education Statistics, the Department of Agriculture, and
the Environmental Protection Agency — and grouped into 3 domains: education, health and
environment, and social and economic (Table 1; online).

The developers generated z-scores (mean 0, SD 1) for each of the 29 indicators for 72,195
census tracts across 50 US states and Washington D.C. These scores were standardized at
the national level such that higher scores reflect more favorable neighborhood opportunities,
such as higher median household income, better access to early childhood education,

and more green spaces, relative to other neighborhoods across the US. Additionally, the
developers derived a domain-specific and overall Child Opportunity Index score, and
generated percentile ranks for each census tract based on domain-specific and overall
Child Opportunity Index scores, ranging from 15t (lowest opportunity) to 100" percentile
(highest opportunity). In accordance with prior literature,[17] we further grouped census
tract rankings into quintiles: very low (<20™ percentile), low (20t"—<40t" percentile),
moderate (40"—<60t percentile), high (60t-<80t™ percentile), or very high opportunity
(=80t percentile). Detailed methods are published.[16,17,24]
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Presence of Dampness or Pests in the Home—In early adolescence (mean age 13.1
years), we used parental reports of presence of dampness or pests in the home, obtained
from study questionnaires derived from the International Study of Asthma and Allergies in
Childhood.[25] We considered dampness or pests to be present in the home if the parent
answered *“yes” to any of the following questions: (1) “Is there any moisture or mildew

in your home on the ceiling, walls, or windows?”, (2) In the past 12 months, has there

been water damage to the building or its contents (for example, broken pipes, leaks, or a
flood)?”, (3) “In the past 12 months, has water collected on the basement floor?”, (4) “In
the past 12 months, have you seen or noticed signs of any of the following in your home? a)
cockroaches, b) rats or mice.”

Lung Function—Trained research assistants obtained lung function measurements in early
adolescence, including forced expiratory volume (FEV1) and forced vital capacity (FVC).
Measurements were obtained using the Easy One Spirometer (NDD Medical Technologies,
Andover, MA).[26] The study participant produced three acceptable spirograms, of which
two had to be reproducible.[27] For this study, lung function was captured using FEV1/FVC
ratio.

Current Asthma—A participant was considered to have a current diagnosis of asthma in
early adolescence if the parent reported ever having a diagnosis of asthma from a doctor on
the study questionnaire and also one of the following: (1) parental report of wheeze in the
last 12 months or (2) asthma medication use in the last 12 months. Parental report of wheeze
was considered positive if they answered “yes” to the question, “In the past 12 months, has
your child ever had wheezing (or whistling in the chest)?”.

Mothers enrolled in Project Viva reported their highest education level, smoking history,
asthma history, household income, and their partner’s asthma history via questionnaires and
interviews at the time of recruitment. We categorized maternal education as having obtained
a college degree, smoking history as never smoked, smoked before pregnancy, or smoked
during pregnancy, and household income as above or below $70,000 per year. Mothers
reported their child’s race and ethnicity, which we categorized as White, Black, Hispanic,
Asian, or other. We viewed race and ethnicity as societal constructs rather than deterministic
biological causes of risk and considered it as a proxy measure of racism that can affect both
residence in high opportunity neighborhoods and asthma.[28] We obtained child sex at birth
from hospital medical records from the delivery. We chose these covariates based on existing
literature on the relationship between the Child Opportunity Index and child health.[21,29]

Statistical Analyses

We used mixed-effect logistic models to estimate the associations of census tract-level Child
Opportunity Index scores and the following outcomes in early adolescence: (1) presence of
dampness or pests in the home, (2) current asthma versus never having a diagnosis of asthma
and (3) lung function.
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The primary analyses examined longitudinal associations for overall and domain-specific
Child Opportunity Index scores in mid-childhood as continuous variables and the outcomes
in early adolescence, using national-level Child Opportunity index scores. To identify
specific indicators potentially driving these associations, we performed secondary analyses
that examined the associations of the 29 specific indicators with the outcomes.

We conducted sensitivity analyses examining the cross-sectional associations for overall and
domain-specific Child Opportunity Index scores and outcomes in early adolescence. We
estimated the associations for overall and domain-specific Child Opportunity Index scores
in early adolescence as continuous variables using national-level Child Opportunity Index
scores.

For all analyses, we included the following variables as fixed effects: Child Opportunity
Index percentile ranks, sex at birth, and race and ethnicity, maternal education, smoking
history, household income, and parental history of asthma prior to the child’s birth. For
models with lung function as the outcome, we additionally included child age and height

in early adolescence. We included a random effect term for census tract to account for
clustering of children residing within the same neighborhood. We did not adjust for multiple
comparisons, consistent with the literature on the Child Opportunity Index,[18-22,30] which
reflects this common practice in multiple regression analyses.[31] We performed all analyses
using SAS version 9.4 (SAS Institute, Inc, Cary, NC).

Among the 831 participants, 10% (n=87) resided in neighborhoods with very low overall
opportunity and 55% (n=453) resided in neighborhoods with very high overall opportunity
in mid-childhood, based on national distributions of the Child Opportunity Index (Table 2).
Children in areas of very low opportunity (versus very high) were more likely to be Black or
Hispanic, had parents with lower income and educational attainment, and were more likely
to born to mothers who smoked tobacco during pregnancy (Table 2).

Associations of Overall and Domain-specific Child Opportunity Index Scores in Mid-
childhood with Outcomes in Early Adolescence

After adjusting for individual and family characteristics, children residing in neighborhoods
with higher overall opportunity in mid-childhood were less likely to live in homes with
dampness or pests in early adolescence (odds ratio [OR] = 0.85 per 20-unit increase in
Child Opportunity Index percentile rank, 95% confidence interval [CI] 0.73, 0.998). We
detected no associations of overall Child Opportunity Index scores with current asthma or
lung function, as measured by FEVV1/FVC (Table 3, Figure 2).

Children residing in neighborhoods with higher health and environment opportunity were
less likely to live in a home with dampness or pests in unadjusted and adjusted models
(unadjusted OR = 0.87 per 20-unit increase in Child Opportunity Index percentile rank,
95% CI 0.77, 0.98, adjusted OR = 0.82 per 20-unit increase in Child Opportunity Index
percentile rank, 95% CI 0.70, 0.95). Estimates for the social and economic domain scores
with the presence of dampness or pests in the home were similar to those for the health and
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environment domain, but minimally exceeded statistical significance; no associations were
noted for the education domain (Table 3, Figure 2).

Children residing in neighborhoods with higher overall opportunity, higher educational
opportunity, and higher social and economic opportunity were less likely to have current
asthma in unadjusted models. Children in neighborhoods with higher social and economic
opportunity had better lung function in unadjusted models. These associations were
attenuated in adjusted models (Table 3, Figure 2).

Associations of Each Indicator of Neighborhood Opportunity in Mid-childhood with
Outcomes in Early Adolescence

After adjusting for individual and family characteristics, children who resided in
neighborhoods with lower levels of school poverty (OR = 0.81 per 1-SD increase, 95%

C1 0.67, 0.98), better access to healthy foods (OR = 0.83 per 1-SD increase, 95% CI 0.70,
0.99), higher economic resource index scores (OR = 0.81 per 1-SD increase, 95% CI 0.66,
0.99), and lower rate of single parent households (OR = 0.77 per 1-SD increase, 95% ClI
0.62, 0.95) in mid-childhood were less likely to live in homes with dampness or pests in
early adolescence (Figure 3).

Sensitivity Analysis

Our cross-sectional analysis in early adolescence revealed similar associations between
neighborhood opportunity and homes with dampness or pests, current asthma, or lung
function. The association of the social and economic domain scores with the presence of
dampness or pests in the home was statistically significant in this model (Table 4; online).

Discussion

We found longitudinal and cross-sectional associations of neighborhoods with more
favorable opportunities for children with lower likelihood of residence in a home with
dampness or pests. These associations were independent of individual and family social
characteristics. We noted certain indicators of neighborhood opportunity — i.e., lower school
poverty rate, better access to healthy food, lower economic resource index, and lower

rate of single-parent households — were associated with lower likelihood of residing in a
home with dampness or pests. However, we found no associations in adjusted analyses for
neighborhood opportunity and asthma or lung function.

A recent study suggested a link between neighborhood conditions at birth and childhood
wheezing and asthma, which is consistent with the body of literature on neighborhoods and
asthma.[32] We did not detect associations with asthma likely due to limited power in this
smaller sample size that was primarily from high opportunity communities, or potentially
because we examined the exposure in a different life stage at mid-childhood and not at birth.
We do not believe these findings indicate that a relationship between community conditions
and asthma does not exist.

Prior literature utilizing the Child Opportunity Index has highlighted marked inequities in
asthma severity for children who live in communities with less favorable neighborhood
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opportunities.[20-22,33] Hospitalizations for asthma in children in Kansas City and
Cincinnati were more than five times higher in neighborhoods with very low opportunity
compared with those with very high opportunity.[20] In a study of one Ohio county,
children in neighborhoods with very low opportunity also had greater than five times

the rate of hospitalizations for asthma compared with children with very high opportunity.
[22] Children in neighborhoods with very low opportunity had five times greater rates of
hospital or emergency department utilization for asthma.[22] In San Francisco, children
living in neighborhoods with very low opportunity have higher odds of seeking acute

or emergency care for asthma.[21] Geographic hotspots in Atlanta for pediatric intensive
care unit admissions for asthma requiring mechanical ventilation had substantially lower
neighborhood opportunity compared with other neighborhoods.[33]

Despite strong evidence for a relationship between lower neighborhood opportunity

for children and more severe asthma, the pathways by which neighborhood conditions
affect outcomes in asthma are not well-defined. In this study, we provide evidence of
both longitudinal and cross-sectional relationships between neighborhood opportunity for
children and the presence of dampness or pests in the home in childhood. In the context
of the extant literature, we speculate household exposures may be a potential driver of
higher hospitalizations and emergency visits for asthma among children who reside in
neighborhoods with less favorable conditions from mid-childhood to early adolescence.

Potential explanations for the observed association between less favorable neighborhood
conditions and the presence of dampness or pests in the home may include poor housing
stock, challenges to repairing homes, and effects of climate change.[34,35] Systematic
reviews of the literature have demonstrated a link between dampness and pests in the

home and asthma in children, as well as improving asthma severity with interventions

to reduce exposure to these irritants in the home environment.[36-38] In this analysis,

the longitudinal association is driven by the health and environment domain, yet the cross-
sectional association is driven by the education domain, suggesting a dynamic vulnerability
to neighborhood factors over the life course. Further investigation is required to confirm
these findings and evaluate the possible mechanisms.

Interventions to improve the prevalence and severity of asthma in children through the
reduction of allergens and irritants have been effective in individual homes and schools.[38-
41] The use of neighborhood opportunity to predict exposure to presence of dampness

and pests in the home extends the potential for interventions beyond the individual-level.
The value of this study is in the identification of the Child Opportunity Index as (1) a
potential neighborhood-level target for identifying and targeting high-risk children and (2)

a means to tailor interventions to address disparities in high-risk communities. The Child
Opportunity Index may serve as the foundation for location-based initiatives[42] to improve
asthma outcomes in children by supporting healthy environments and reducing exposures

to dampness and pests in homes. Future research is needed to characterize and evaluate
interventions aimed at specific neighborhood conditions that may be important in promoting
health equity in pediatric asthma.
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Strengths of this study include the prospective design and outcomes captured using
standardized protocols by trained research staff. We used neighborhood indices that not
only captured both physical (e.g., access to green space) and social attributes (e.g., access
to health care services) but also have been validated for a range of health outcomes.
[18,19,43] We also assessed neighborhood opportunity at life stages when children were
unlikely to select their place of residence, which reduces the likelihood of self-selection
and potential reverse causation bias. We controlled for parental history of asthma, which
reduces the likelihood of residential self-selection by parental factors that might influence
child respiratory health.

Limitations of the study include the limits to generalizability imposed by the composition

of the cohort, which is largely white, high-income, and well-educated. Limited variation

in Child Opportunity Index scores may account for the lack associations between the
neighborhood opportunity and asthma or lung function. However, with 15% of the cohort
residing in very low or low opportunity neighborhoods, we believe there was sufficient
variation in the exposure. Furthermore, we defined current diagnosis of asthma and the
presence of dampness and pests in the home using parent-reported questionnaires, which are
prone to measurement errors. We excluded 61% of the original cohort for lack of residential
addresses or outcome measures. Differences between children included and excluded may
have led to selection bias. Lastly, we used census tracts as a marker for exposure, which may
not capture other areas where children may spend significant time, such as in schools or with
secondary caregivers.

Our findings suggest that more favorable neighborhood opportunity for children predicts
lower likelihood of residence in homes with dampness or pests. The data suggest that this
relationship exists both longitudinally, between mid-childhood and early adolescence, as
well as cross-sectionally in early adolescence. These associations appear to be driven by
specific indicators in each of the domains of the Child Opportunity Index. Understanding the
mechanisms that drive exposure to dampness and pests in the home among children living

in low opportunity neighborhoods is critical to inform interventions and policies to improve
health in vulnerable populations and advance health equity in children. Further investigation
is needed to confirm these associations and characterize neighborhood-based interventions
aimed to improve asthma severity utilizing evidence from the Child Opportunity Index.
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2128 live births
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l

1141 children with at least one outcome
measure in early adolescence

v

987 children with no outcome measure in early
adolescence

831 children with exposure in mid-childhood

310 children did not attend a mid-childhood
visit or do not have exposure data

Figure 1. Flowchart of study sample from Project Viva cohort.
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Figure 2. Longitudinal associations of overall and domain-specific neighborhood Child
Opportunity Index scores in mid-childhood with presence of dampness or pests in the home,
current asthma, and FEV1/FVC in the lowest quintile in early adolescence.

Odds ratios and effect estimates reflect a per 20-unit increase in Child Opportunity

Index scores. All models are adjusted for sex at birth, race/ethnicity, maternal education,
prenatal smoking exposure, household income, parental asthma prior to the child’s birth,

and clustering by census tract. Models predicting FEV1/FVC in the lowest quintile are
additionally adjusted for age and height at the early adolescent visit. OR = odds ratio; Cl =
confidence interval, FEV1 = forced expiratory volume in the first second, F\VC = forced vital
capacity.
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Extreme heat exposure 1

College enroliment in nearby
Proximity to employment

Airborne microparticles

Teacher experience 1

ECE enroliment 1

Walkability 1

High-quality ECE centers

Early Childhood Education (ECE) centers 1
Employment rate 1

Adult educational attainment 1
Advanced Placement (AP) course enroliment 1
Third grade reading proficiency

Third grade math proficiency 1
Hazardous waste dump sites 1
Housing vacancy rate

High school graduation rate 1

Access to green space

Access to healthy food

School poverty 1

Economic Resource Index 1

Health insurance coverage 1
Single-headed households

Industrial pollutants in air, water or soil 1
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Figure 3. Longitudinal associations of specific indicators of Child Opportunity Index scores in
mid-childhood with the presence of dampness or pests in the home in early adolescence.

Odds ratios and effect estimates reflect a per z-score increase in Child Opportunity Index
scores. All models are adjusted for sex at birth, race/ethnicity, maternal education, prenatal
smoking exposure, household income, parental asthma prior to the child’s birth, and
clustering by census tract. Higher scores reflect higher opportunity levels for all items.
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Table 1.

Child Opportunity Index indicators and sources of data

Indicators

Definition (Data source and Year)

Education domain

1. Early Childhood Education (ECE)
centers

Number of ECE centers within a 5-mile radius (own data collection from state and federal
sources; 2010)

2. High-quality ECE centers

Number of National Association for the Education of Young Children accredited centers within
a 5-mile radius (own data collection from state and federal sources; 2010)

3. ECE enrollment

Percent 3- and 4-year-olds enrolled in nursery school, preschool or kindergarten (ACS; 2008—
2012)

4. Third grade reading proficiency

Percent third graders scoring proficient on standardized reading tests, converted to NAEP scale
score points (EDFacts, GS and SEDA; 2010)

5. Third grade math proficiency

Percent third graders scoring proficient on standardized math tests, converted to NAEP scale
score points (EDFacts, GS and SEDA; 2010)

6. High school graduation rate

Percent ninth graders graduating from high school on time (EDFacts and GS; 2010)

7. Advanced Placement (AP) course
enrollment

Ratio of students enrolled in at least one AP course to the number of 11th and 12th graders
(CRDC; 2011)

8. College enrollment in nearby institutions

Percent 18-24 year-olds enrolled in college within 25-mile radius (ACS; 2008-2012)

9. School povertyb

Percent students in elementary schools eligible for free or reduced-price lunches, reversed
(NCES CCD; 2010)

10. Teacher experienceb

Percent teachers in their first and second year (CRDC; 2011)

11. Adult educational attainment

Percent adults ages 25 and over with a college degree or higher (ACS; 2008-2012)

Health and Environment domain

1. Access to healthy food?

Percent households without a car located further than a half-mile from the nearest super-market,
reversed (USDA; 2010)

2. Access to green spaceb

Percent impenetrable surface areas such as rooftops, roads or parking lots (CDC; 2011)

3. Walkability

EPA Walkability Index (EPA; 2010-2012)

4. Housing vacancy rated

Percent housing units that are vacant (ACS; 2008-2012)

5. Hazardous waste dump sites?

Average number of Superfund sites within a 2-mile radius (EPA; 2010)

6. Industrial pollutants in air, water or soil?

Index of toxic chemicals released by industrial facilities (EPA; 2010)

7. Airborne microparticlesb

Mean estimated microparticle (PM2.5) concentration (CDC; 2010)

8. Ozone concentration?

Mean estimated 8-hour average ozone concentration (EPA; 2011)

9. Extreme heat exposureb

Summer days with maximum temperature above 90 degrees Fahrenheit (CDC; 2009-2011)

10. Health insurance coverage

Percent individuals ages 0-64 with health insurance coverage (ACS; 2008-2012)

Social and Economic domain

1. Employment rate

Percent adults ages 25-54 who are employed (ACS; 2008-2012)

2. Commute duration?

Percent workers commuting more than one hour one way (ACS; 2008-2012)

3. Poverty rated

Percent individuals living in households with incomes below 100% of the federal poverty
threshold (ACS; 2008-2012)

4. Public assistance rate?

Percent households receiving cash public assistance or Food Stamps/Supplemental

Nutrition Assistance Program (ACS; 2008-2012)

5. Home ownership rate

Percent owner-occupied housing units (ACS; 2008-2012)
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Indicators

Definition (Data source and Year)

6. High-skill employment

Percent individuals ages 16 and over employed in management, business, financial, computer,
engineering, science, education, legal, community service, health care practitioner, health
technology, arts and media occupations (ACS; 2008-2012)

7. Median household income

Median income of all households (ACS; 2008-2012)

8. Single-headed households?

Percent family households that are single-parent headed (ACS; 2008-2012)

aAdapted from the Child Opportunity Index: Technical Documentation.

b . . .
Scores are reversed so higher scores reflect higher opportunity levels.

ACS: American Community Survey; CDC: Center for Disease Control and Prevention; CRDC: U.S. Department of Education Office for Civil
Rights Data Collection; EDFacts: U.S. Department of Education Data Files; EPA: Environmental Protection Agency; GS: Great Schools data;
NAEP: National Assessment of Educational Progress; NCES CCD: National Center for Education Statistics Common Core of Data; SEDA:
Stanford Education Data Archive; USDA: U.S. Department of Agriculture
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