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ABSTRACT The goal of this study was to assess the relationship between type and quality
of housing and childhood asthma in an urban community with a wide gradient of
racial/ethnic, socioeconomic, and housing characteristics. A parent-report questionnaire
was distributed in 26 randomly selected New York City public elementary schools. Type
of housing was categorized using the participants’ addresses and the Building
Information System, a publicly-accessible database from the New York City Depart-
ment of Buildings. Type of housing was associated with childhood asthma with the
highest prevalence of asthma found in public housing (21.8%). Residents of all types of
private housing had lower odds of asthma than children living in public housing. After
adjusting for individual- and community-level demographic and economic factors, the
relationship between housing type and childhood asthma persisted, with residents of
private family homes having the lowest odds of current asthma when compared to
residents of public housing (odds ratio: 0.51; 95% confidence interval, 0.22, 1.21).
Factors associated with housing quality explain some of the clustering of asthma in
public housing. For example, the majority (68.7%) of public housing residents reported
the presence of cockroaches, compared to 21% of residents of private houses. Reported
cockroaches, rats, and water leaks were also independently associated with current
asthma. These findings suggest differential exposure and asthma risk by urban housing
type. Interventions aimed at reducing these disparities should consider multiple aspects
of the home environment, especially those that are not directly controlled by residents.

KEYWORDS Asthma, Child, Urban health, Prevalence, Housing, Indoor air, Built
environment

Abbreviations: OR –Odds ratio; CI –Confidence interval; ETS – Environmental
tobacco smoke

INTRODUCTION
Prior research suggests that differences in the built environment across neighbor-
hoods can result in community-level disparities in children’s health.1 Although some
contend that associations observed between geographic areas and health outcomes
are due to demographic characteristics of residents in the area,2 others have
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concluded that there are features of the local social and physical environments that
may promote or inhibit health, including characteristics of the indoor built
environment such as housing type and quality.3–6

For example, public housing residents in urban communities have been
hypothesized to have high asthma prevalence due to both individual risk factors
and neighborhood-level risk factors. By design, public housing is for low-income
residents, with set income limits for eligibility.7,8 Further, public housing develop-
ments are primarily located in poor neighborhoods.9,10 Public housing has been
associated with poor health outcomes. In a community-level analysis within New
York City, Corburn et al. found that neighborhoods with elevated asthma
hospitalization rates had five times the number of public housing units as compared
to neighborhoods without elevated asthma hospitalization rates.11 Specifically, 23%
of the housing in the four ZIP codes with the highest asthma hospitalization rates
were public housing, as compared with an average of 4.45% for the city overall.11 It
is possible that any relationship between public housing and asthma may be
confounded by the concentration of low-income residents who are more likely to
have asthma.12,13 However, it is also possible that characteristics of the housing
itself can be associated with asthma, indicating an environmental justice issue related
to poor-quality housing.14 Because urban areas have many different types of
housing, strongly associated with residents’ socioeconomic status, it is also possible
that differences in quality of these housing types may contribute to asthma
disparities observed within urban communities. The distinction of housing type in
studies of health disparities is relatively untouched in the scientific literature and can
provide a useful lens through which to evaluate environmental justice issues.15,16

Poor housing quality in urban neighborhoods has previously been linked to a
variety of poor health outcomes.3,10,14,17–20 For example, older housing, and its
associated peeling paint, is associated with higher blood lead levels in children.21

Unintentional injuries including falls, choking, poisoning, and burns are higher in
homes with faulty construction or poor maintenance.1 Greater asthma morbidity,
specifically a larger number of hospitalizations due to asthma, more frequent
episodes of wheezing, and more frequent night symptoms due to asthma have been
associated with the presence of moisture, mildew, and cockroach allergen in
homes.22,23 The presence of these allergens may be more common in deteriorating
housing, which is often marked by water leaks, holes that pests can pass through,
poor ventilation, and peeling paint.

Rauh et al. found a significant association between degree of housing disrepair
(determined by the number of total adverse indoor housing problems) and
cockroach allergen and asthma, independent of household income and ethnicity.17

In the Healthy Public Housing Initiative, a community–academic partnership to
improve health and housing conditions in Boston public housing, substandard
public housing that was found to have holes in the wall/ceiling had increased
concentrations of cockroach allergen compared to public housing without these
problems.9 Because poor housing quality has been found to be associated with
presence of indoor asthma triggers, it may be possible for health disparities to arise
in certain types of housing where residents may lack the resources, both economic
and political, to improve housing quality.24

The objective of this study was to compare the prevalence of asthma in a range
of urban housing types and determine if the relationship between housing type and
current asthma persists, after controlling for individual demographic risk factors,
neighborhood income, and markers of housing quality. We hypothesize that asthma
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prevalence varies significantly across housing types, and that the relationship
between housing type and current asthma is modified by markers of indoor housing
quality. Asthma disparities due to housing type and quality result in environmental
injustice for low-income residents, who often have little control over housing quality
and maintenance.

METHODS

A parent-report, cross-sectional survey was conducted in randomly selected New
York City public elementary schools to measure the prevalence of childhood asthma
in different New York City communities.25 The project was reviewed and approved
by the Mount Sinai Institutional Review Board, the Mount Sinai Health Insurance
Portability and Accountability Act (HIPAA) Privacy Office, and by the Proposal
Review Committee of the New York City Department of Education’s (DOEs)
Division of Assessment and Accountability.

Study Design
Methodology for selecting the participating schools has been published else-
where.25,26 Briefly, schools were randomly selected for inclusion in the study based
on the childhood asthma hospitalization rate in each neighborhood. Asthma
hospitalization rates for children aged 5–12 were calculated for each of the
residential ZIP codes in New York City, then ranked and grouped. In order to
achieve a representative sample, schools from the ZIP codes within the highest,
median, and lowest hospitalization groups were eligible for the study.

Using the SAS Surveyselect Procedure,27 one school was selected from each ZIP
code, with a probability proportional to size. A total number of 26 schools were
selected, eight from the high group, eight from the median group, and ten from the
low group to compensate for the low asthma prevalence that was expected in those
neighborhoods. At each school, two classrooms from each grade level, kindergarten
through fifth grade and full-time special education classes, where available, were
randomly selected to participate. Students were given questionnaires to be brought
home to be completed by their parents or guardians. Children and teachers were
given nominal incentives such as school supplies to encourage their participation.

Characterization of Housing Type
Participant addresses were collected on the questionnaire. In order to obtain
information on building type, the addresses were imputed into the web-based
application of the Buildings Information System (BIS) of the New York City
Department of Buildings.28 The BIS is a publicly available database that is used by
the Department of Buildings to collect information on properties throughout New
York City, including property profiles, licenses, violation and complaint tracking,
and construction permit applications.28 The BIS classifies buildings using the New
York City Department of Finance occupancy codes, which separates all properties
into over 200 distinct categories.29 The participant addresses in this study were
classified into 47 of these categories. These were then collapsed into six major
categories of residential housing. Any building that was designated as public was
included in the category “All Public Housing”. Categories for private housing
translated directly from the main categories in the BIS and included “Walk-Up
Apartments”, “Elevator Apartments”, “Family Dwellings”, and “Mixed-Use
Residence.” “Family Dwellings” included both single and multi-family stand-alone
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houses. The “Mixed-Use Residence Private” category included buildings that were
primarily residential, but also had commercial uses. The “Other Private” category
consisted of apartment buildings that did not fall into the major categories of
housing listed above and included condominiums, store buildings, hotels, and other
miscellaneous buildings that were not city owned (public).

Characterization of Demographic and Housing-Related
Factors
The questionnaire was adapted from a previous study of asthma prevalence used in
a New York City public elementary school.30 It contained standardized questions on
demographics, household environment, and asthma symptoms from the Interna-
tional Study of Asthma and Allergies in Childhood (ISAAC).31 The questionnaire
was available in English, Spanish, and Chinese and was pilot-tested with native
speakers prior to the start of the study to ensure clarity and accuracy.

A child was classified as having current asthma if a “yes” response was given to
both of the following questions: “Have you or your child ever been told by a
physician or a nurse that he or she has asthma?” and “In the past 12 months, has
your child had wheezing in the chest?”

Housing characteristics were assessed using the following item on the survey
instrument “In your home, do you have any of the following: throw rug, wall-to-
wall carpet, air conditioner, air purifier, humidifier, gas cooking stove, water leaks,
mold.” Water leaks can also be used as a proxy for mold, since resident-reported
mold has been previously shown to have a low level of agreement with trained
inspector assessments.32 In addition, the presence of pests was determined using the
question: “In the past 2 weeks, have you seen any of the following in your home?:
Rats, mice, cockroaches.” The presence of environmental tobacco smoke (ETS) was
defined as “anyone who lives in the home or regularly visits who smokes any of the
following: cigarettes, pipes, or cigars.”

Because the association between type of housing and current asthma could be
confounded by the neighborhood in which the housing is located, data on ZIP code
median household income was collected from the US Census and used as a proxy for
neighborhood socioeconomic status. Each of the participants was assigned the ZIP
code median household income for the ZIP Code of residence indicated on their
questionnaire.

Data Analysis
The data were weighted to reflect Department of Education public elementary
school enrollment data in each Zip Code. All analyses were conducted using SAS
v9.1’s Survey Procedures, which account for the sampling design of stratification by
neighborhood asthma rate, clustering by school, and unequal weighting.27

Population proportions of demographic characteristics and asthma prevalence by
housing type were calculated using the Surveyfreq procedure. In order to determine
if there was a relationship between housing type and current asthma, the Rao–Scott
Chi-Square test statistic was utilized as a measure of association. The same
procedure was used to examine current asthma in relation to housing characteristics.

Three regression models were constructed using the Surveylogistic procedure in
order to examine the relationship between housing type and current asthma.
Missing data were excluded from these analyses. The first model was unadjusted
and included only the housing type and current asthma variables. The second model
was adjusted for demographic variables which previous research suggests are
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associated with current asthma: ethnicity, income, and gender.12,26 The third, fully
adjusted model, included the previously mentioned demographic variables, but also
controlled for ZIP code median household income, a proxy measure of neighbor-
hood SES, as well as housing quality factors reported by the respondents that
remained independently associated with current asthma.

RESULTS

Description of Study Population
Overall, 5,250 children returned a questionnaire, yielding an adjusted33 response
rate of 76.9%. As shown in previous publications, this sample was highly
comparable to the enrolled population of the selected schools, the 5–12-year-old
population of the surrounding ZIP codes, and the overall New York City public
elementary school population.26 Of these 5,250 children, 397 had missing housing
data either because they did not provide a complete address (n=364) or their address
was unclassifiable by the BIS database (n=33), leaving 4,853 children in our
analysis. There was no difference in the demographic profile or asthma prevalence of
children with housing data when compared to the full study population.

Demographic and Housing Characteristics by Type
of Housing
More children lived in private walk-up apartments than any other housing
category, with a weighted percentage of 40.7%. Private family dwelling/house
was the second most common type of housing at 26.1%. Thirteen percent of
children reported living in elevator buildings, and 11.3 % of the sample was
classified as living in public housing. Slightly more than 3% of our sample had
an address that was classified as a mixed-use building, while 5.4% lived in
another form of housing. Neighborhood socioeconomic status, measured by the
Census as median household income of all residents in a ZIP code, was lowest
for residents of public housing at $27,609 and highest for residents of private
family dwellings at $42,247. The remaining types of housing, mixed-use
residences, walk-up apartments, elevator apartments, and other types of private
housing, had similar neighborhood income levels ranging from $29,541 to
$33,602, respectively.

The demographic profiles of the children living in the different types of
housing are listed in Table 1. Minority children, especially African-Americans and
Puerto Ricans, and children from low-income households made up greater
proportions of public housing residents, while Whites, Asians, and children from
more affluent families were more likely to live in private family dwellings than
any other type of housing. Mexican made up 30% of the respondents who lived
in mixed-use buildings, despite representing only 8.00% of the study population.

Markers of housing quality varied significantly by housing type. Residents of
public housing were much more likely to report the presence of cockroaches than
residents of family dwellings, (68.7% vs. 21%), and were less likely to report use of
an air conditioner (50.6% vs. 75.1%). Mold and rats were more commonly
reported by residents of mixed-use buildings, while over 41% of walk-up apartment
residents reported mice.
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Prevalence of Asthma by Type of Housing
Type of housing was significantly associated with the presence of current asthma,
defined as physician-diagnosed asthma with wheezing in the previous 12 months
(pG0.0001). The prevalence of current asthma was highest among public housing
residents (21.8%; 95% confidence interval [CI], 17.3–26.3; Figure 1). Asthma
prevalence was similar in walk-up apartments, elevator apartments, mixed-use
residences, and other private apartments ranging from 11.3% (95% CI, 9.32–16.9)
in other private apartments to 13.1% (95% CI, 9.32-16.9) in walk-up apartments.
Children living in private family dwellings had the lowest prevalence of current
asthma (7.38%; 95% CI, 5.61–9.15).

Multivariate Analysis
In order to determine if demographic- and housing-related characteristics could
explain the relationship between housing type and current asthma, three logistic
regression models were created and the unadjusted, adjusted for demographics, and
fully adjusted odds of current asthma by housing type were compared (Table 2). In
the unadjusted analysis, children living in any form of private housing had lower
odds of current asthma when compared to children living in public housing.
Children living in private family dwelling had the lowest odds, as they were 0.29
times as likely as children living in public housing to have asthma. After adjusting
for demographic factors such as race/ethnicity, income, and gender, children living in
all private housing still had lower odds of current asthma than children living in
public housing. However, the magnitude of the odds ratios moved closer to the null
value of 1.0 and confidence intervals became wider. Children living in family
dwellings had the lowest odds of current asthma (ORadj=0.41, 95% CI, 0.17–0.96).

Adding housing-related factors and median neighborhood household income to
the model, the odds of current asthma for residents of mixed-use apartments, other
private apartments, and family dwellings, compared to public housing, again moved
closer to the null with wider confidence intervals. However, the odds of current
asthma for residents of walk-up and elevator apartments did not change after this

0

5

10

15

20

25

30

Public Housing Walk-Up Private Elevator Private Mixed-Use Other Private Apt. Family Dwelling

Housing Type

P
er

ce
n

t o
f R

es
p

o
n

d
en

ts

Private Private

FIGURE 1. Prevalence of current asthma by housing type; error bars represent 95% confidence
intervals.
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final stage of adjustment, and the odds for elevator apartment residents remained
significantly lower compared to public housing residents. After controlling for
ethnicity, income, gender, housing type, and median neighborhood household
income, several markers of housing quality were associated with current asthma.
Children living in homes with reported water leaks were 1.54 times as likely to have
current asthma as children living in homes without leaks (95% CI, 1.15–2.08).
Living in a household with cockroaches or rats was also associated with having

TABLE 2 Unadjusted and adjusted prevalence odds ratios of current asthma by housing type

Odds ratio (95% confidence interval)

Unadjusted Adjusted for
individual
demographics

Adjusted for individual
demographics,
neighborhood income,
and indoor factors

Type of housing
Walk-up private 0.54 (0.36, 0.82) 0.75 (0.50, 1.12) 0.75 (0.53, 1.05)
Elevator private 0.49 (0.30, 0.79) 0.68 (0.49, 0.95) 0.68 (0.50, 0.93)
Mixed-use private 0.49 (0.33, 0.72) 0.67 (0.40, 1.13) 0.76 (0.45, 1.28)
Other private apt. 0.45 (0.30, 0.68) 0.83 (0.49, 1.43) 0.87 (0.54, 1.41)
Family dwelling private 0.29 (0.20, 0.41) 0.41 (0.17, 0.96) 0.51 (0.22, 1.21)
Public housing 1.0 1.0 1.0
p value G0.0001 0.03 0.1
Ethnicity
Asian 0.59 (0.39, 0.89) 0.54 (0.36, 0.80)
African-American 2.31 (1.28, 4.17) 1.94 (1.15, 3.25)
Dominican 1.59 (0.98, 2.58) 1.23 (0.76, 1.99)
Mexican 0.84 (0.37, 1.87) 0.60 (0.28, 1.32)
Puerto Rican 2.83 (1.79, 4.46) 2.26 (1.48, 3.45)
Other Latino 1.42 (0.89, 2.27) 1.21 (0.76, 1.93)
Other/multi-racial 1.99 (1.17, 3.37) 1.74 (1.02, 2.97)
White 1.0 1.0
p value G0.0001 G0.0001
Income
G$20,000 1.71 (1.08, 2.70) 1.47 (0.97, 2.22)
$20,001–$39,999 1.49 (0.90, 2.47) 1.33 (0.84, 2.10)
$40,000–$74,999 1.29 (0.79, 2.10) 1.21 (0.75, 1.96)
$75,000 or more 1.0
p value 0.05 0.2
Gender
Male 1.60 (1.27, 2.02) 1.60 (1.25, 2.05)
Female 1.0 1.0
p value G0.0001 0.0002
Neighborhood median income
(per $10,000 increase)

0.89 (0.78, 1.01)

p value 0.08
Reported cockroaches 1.29 (1.04, 1.61)
p value 0.02
Reported rats 1.34 (1.01, 1.79)
p value 0.04
Reported water leaks 1.54 (1.15, 2.08)
p value 0.004
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current asthma in the final adjusted model. The remaining indoor factors (throw
rugs, wall-to-wall carpet, air conditioner, air purifier, humidifier, gas cooking stove,
mold, and mice) were not associated with current asthma after adjustment and were
not included in the final adjusted model.

DISCUSSION

This study found a high prevalence of asthma in public housing, which is consistent
with another study conducted in a New York City public housing population.34 Our
study added to this work by systematically comparing asthma prevalence across a
range of housing types and finding that children living in public housing have higher
odds of asthma than children living in all types of private housing, even after
adjusting for individual risk factors for asthma such as minority ethnicity/race, living
in a low-income household, and living in a low-income community. This research
validates a previous study, which posited that the high prevalence of asthma in low-
income neighborhoods within New York City was due in part to the large
concentration of public housing in these neighborhoods.11

Because of its ubiquity in the urban environment and government regulation,
public housing is an important institution to examine, especially given the
independent association with asthma morbidity presented here. Research shows
that public housing is characterized by extremes of poverty and environmental
triggers that exacerbate asthma.3,24,35 The median neighborhood income is lower
for public housing compared to all types of private residences. Further, cockroaches
and ETS are reported more often by residents in public housing compared to
residents of any type of private housing. Additionally, having a low enough income
to qualify for public housing may also indicate difficulties accessing medical care due
to lack of financial resources. However, even after adjusting for individual and
neighborhood socioeconomic status (SES) factors as well as presence of indoor
triggers, the odds of current asthma remains higher in public than private housing.

Some of this difference may be explained by unmeasured housing character-
istics, such as ventilation. Previous work has found that inadequate ventilation in
public housing can contribute to elevated levels of indoor nitrogen dioxide, which
can exacerbate asthma.36 Additionally, we found that public housing was much less
likely to have air conditioners than private housing. This could mean that residents
are more exposed to outdoor air, which in low-income, minority communities, is
more likely to be polluted due to environmental injustices such as discriminatory
public policies in land zoning that have placed more polluting facilities and truck
routes in poor communities compared to wealthier communities.11,37–40

It is also possible that the social environment of public housing developments
contributes to greater asthma morbidity. Previous research suggests that psychoso-
cial stressors, such as exposure to violence, can increase a child’s susceptibility to
asthma triggers, including indoor allergens and ambient air pollution.41–43

Vanderbilt et al. found that one-quarter of asthmatic children from a sample of
patients at an inner-city asthma clinic had symptoms of post-traumatic stress
disorder, and almost three-quarters had witnessed a traumatic event.44 An earlier
study of quality of life among asthmatic children and their families living in Boston
public housing developments found a strong association between fear of violence
and the child’s respiratory symptom score.45

Because we examined an ethnically and economically diverse sample of urban
children, our study was able to examine markers of housing quality across a range
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of housing types. Although children living in private housing had lower odds of
asthma than children living in public housing, markers of deteriorated housing were
reported in many forms of private housing. For example, mice and rats were most
common in mixed-use apartments. This may be because some commercial establish-
ments in mixed-use buildings attract such pests. Private family dwellings, where
residents likely have more control over housing maintenance, had the lowest
prevalence of all measures of deteriorating housing, except for water leaks, when
compared to all other types of housing.

One potential explanation for this finding is that residents of apartments, who
are less affluent and more likely to be of minority backgrounds than residents of
private family dwellings, only have control over their own apartment and are
dependent upon housing management to maintain structural and building-wide
maintenance and quality, which in turn can affect their home environment.46

Previous research has found that industrial cleaning of individual apartments only
transiently reduces cockroach and mouse antigen levels indicative of ineffective
elimination.47 Researchers in New York City who conducted an apartment-level
housing intervention aimed at reducing indoor allergens cited structural and/or
building-wide characteristics, such as garbage in the common areas or rats in the
basement, as major impediments to residents’ ability to sustain housing improve-
ments.48 Similarly, the Seattle-King County Healthy Homes Project, which employed
community health workers to perform home environmental assessments, found
structural remediation necessary in order to reduce sources of exposure to asthma
triggers in many participant homes.46 Results from studies such as these suggest the
need for building-wide interventions and/or policy changes to improve overall
housing quality. Jacobs et al. suggest that incorporating effective intervention
activities into comprehensive building-wide policies and programs results in
improvements in housing quality that can impact a number of different diseases
and health outcomes, including asthma.49

In our study, housing characteristics, including the presence of cockroaches and
water leaks, were not directly measured, but rather, reported by the study
participants, introducing the possibility of recall bias. The BIS database did not
contain a category for homeless shelters nor did our survey include an option for
homeless; therefore, some parents who did not provide an address may not have had
a stable residence. Our study did not assess the effects of homelessness, an extreme
in the continuum of access to healthy housing; however, previous research has
documented very high asthma prevalence among homeless children.50 One study
found that children in families waiting for Section 8 public housing vouchers in
Boston were exposed to more housing hazards and experienced health consequences
as a result of poor housing conditions.51 The BIS also does not include information
on whether the property is a rental or owner-occupied. This could also impact the
amount of control the resident has over maintenance and housing quality.

Markers of housing deterioration were found in all types of housing and among
residents with a wide range of socioeconomic levels. However, residents of private
housing continued to have lower odds of current asthma than residents of public
housing, after adjusting for individual risk factors for disease and markers of housing
quality. This finding suggests that there may be other factors, both environmental and
social, found in the public housing environment that contribute to urban health
disparities in childhood asthma.

In conclusion, our study highlights important findings about the relationships
between housing type and asthma. Markers of housing deterioration, most
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importantly roaches, rats, and water leaks, were found in all types of housing and
among residents with a wide range of socioeconomic levels. While previous studies
looked at public housing alone, the present study provides useful specificity about
asthma morbidity by housing type. In regression analysis with multiple covariates,
residents of public housing continued to have higher odds of current asthma than
residents of private housing after adjusting for individual disease risk factors and
markers of housing quality. This indicates that the convergence of various social,
economic, or behavioral risk factors alone, as is often highlighted with public
housing, does not adequately explain the burden experienced by public housing
residents. We posit that lack of control of the maintenance of shared spaces in multi-
unit dwellings, such as private apartment buildings and public housing develop-
ments, may contribute to the presence of asthma triggers and ultimately to the
increased morbidity outlined in our findings.
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