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Reduced prevalence of childhood asthma after
housing renovations in an underresourced
community
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Background: Despite improvements in asthma symptom
management and asthma morbidity, the prevalence of asthma in
the United States remains high, especially in underresourced
communities.
Objective: Our goal was to determine whether housing
renovations affect the prevalence of asthma in an
underresourced community.
Methods: The Fay Apartments (⁓800 units) in Cincinnati,
Ohio, were renovated to ‘‘green building’’ standards between
2010 and 2012 and renamed the Villages at Roll Hill. The
prevalence of asthma among 7-year-olds in the Villages at Roll
Hill was determined by accessing Ohio Medicaid data for the
years 2013 to 2021.
Results: In the first 6 years after the renovations (2013-2018), the
prevalence of asthma among 7-year-olds in the community
averaged 12.7%. In contrast, in postrenovation years 7 through 9
(2019-2021), the average prevalence of asthma was 5.9%. Logistic
regression modeling for the log odds of asthma diagnosis in this
age group was used to test the statistical significance of asthma
prevalence for 2013-2018 versus for 2019-2021. The model
resulted in demonstration of a significant (P < .001) reduction in
asthma prevalence between 2013-2018 and 2019-2021.
Conclusions: The renovation of an underresourced
community’s housing resulted in a lower prevalence of asthma
for 7-year-olds who were born after the renovations had been
completed. (J Allergy Clin Immunol Global 2023;2:100143.)
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INTRODUCTION
Links between housing and health are well established.1 Hous-

ing disparities2 are thought to play a role in higher asthma rates in
underresourced, urban communities.3,4 In turn, the higher preva-
lence of asthma perpetuates disparities in asthma-related
morbidity despite progress in symptom management.5 New ap-
proaches are needed to achieve primary prevention, reducing
prevalence of asthma in underresourced communities.

There are many risk factors associated with asthma develop-
ment,6 with increasing evidence that asthma has its origins early
in life.7 For example, exposures to high levels of mold during the
first year of infancy were associated with asthma being diagnosed
by a physician in children at age 7 years.8 Longitudinal studies are
needed to quantify the long-term health impacts of interventions
such as housing renovations.

The approximately 800-unit Fay Apartments, which are
located in the City of Cincinnati, in Hamilton County, Ohio,
were built in the 1960s and encompass the zip code 45225. With
support from the US Department of Housing and Urban
Development (HUD), the Fay Apartments were renovated to
"green building" standards and renamed the Villages at Roll Hill.
The green building renovations were completed between 2010
and 2012.9 The renovations included structural repairs, removal
of water damage and mold, insulation, new energy-efficient win-
dows and doors, and new roofs. The residents of the Fay Apart-
ments (now the Villages at Roll Hill) are a low-income (average
income <$15,000 per year), primarily (98%) African American/
Black community.

Our hypothesis was that infants born to families living in this
community after the renovations were completed in 2012 would
be less likely to develop asthma by age 7 years (ie, in 2019 and
thereafter). To test our hypothesis, Ohio Medicaid data were
queried for the yearly prevalence of asthma among 7-year-olds
from 2013 until 2021 by Honest Broker, a division of IBM, which
has the sole source contract with Ohio to access Ohio Medicaid
data for research purposes. A complete Ohio Medicaid data set
was available only for 2013 through 2021. Honest Broker
determined asthma diagnosis on the basis of the International
Classification of Diseases codes10 (Table I). Member cohort eligi-
bility was based on continuous residence in the zip code 45225 for
24 months (ie, the cohort year and previous year).
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TABLE I. International Classification of Diseases codes used in

the analysis of the prevalence of asthma for 7-year-olds in the

zip code 45225

ICD

version

code

Principal

diagnosis

code Principal diagnosis

10 J4520 Mild intermittent asthma, uncomplicated

10 J4521 Mild intermittent asthma with (acute) exacerbation

10 J4522 Mild intermittent asthma with status asthmaticus

10 J4530 Mild persistent asthma, uncomplicated

10 J4531 Mild persistent asthma with (acute) exacerbation

10 J4532 Mild persistent asthma with status asthmaticus

10 J4540 Moderate persistent asthma, uncomplicated

10 J4541 Moderate persistent asthma with (acute) exacerbation

10 J4542 Moderate persistent asthma with status asthmaticus

10 J4550 Severe persistent asthma, uncomplicated

10 J4551 Severe persistent asthma with (acute) exacerbation

10 J4552 Severe persistent asthma with status asthmaticus

10 J45901 Unspecified asthma with (acute) exacerbation

10 J45902 Unspecified asthma with status asthmaticus

10 J45909 Unspecified asthma, uncomplicated

10 J45990 Exercise induced bronchospasm

10 J45991 Cough variant asthma

10 J45998 Other asthma

9 49300 Extrinsic asthma not specified

9 49301 Extrinsic asthma with status asthmaticus

9 49302 Extrinsic asthma with exacerbation

9 49310 Intrinsic asthma not specified

9 49311 Intrinsic asthma with status asthmaticus

9 49312 Intrinsic asthma with exacerbation

9 49320 Chronic obstructive asthma not specified

9 49321 Chronic obstructive asthma with status asthmaticus

9 49322 Chronic obstructive asthma with exacerbation

9 49381 Exercise induced bronchospasm

9 49382 Cough variant asthma

9 49390 Unspecified asthma

9 49391 Unspecified asthma with status asthmaticus

9 49392 Unspecified asthma with exacerbation

Clinical condition was based on the principal diagnosis code on the claim.

TABLE II. Medicaid data for 7-year-olds in the Villages of Roll

Hill diagnosed with asthma in the years after renovations

Data

year

Years after

renovations

Members

of cohort

Diagnosed

with asthma

Prevalence

(%)

2013 1-2 344 35 10.17

2014 2-3 344 35 10.17

2015 3-4 340 55 16.18

2016 4-5 321 40 12.46

2017 5-6 327 38 11.62

2018 6-7 162 23 14.2

2019 7-8 196 11 5.61

2020 8-9 248 18 7.26

2021 9-10 329 16 4.86

Member cohort eligibility was based on continuous residence in zip code 45225 for 24

months (ie, the cohort year and the previous year). The numbers of members in each

cohort year are shown in column 3. The numbers from each cohort who were

diagnosed with asthma are shown in column 4, with the calculated percentage (%)

prevalence (number diagnosed divided by the total number in the cohort) shown in

column 5.

FIG 1. Prevalence of childhood (at age 7) asthma in the Villages at Roll Hill

in each year after the renovationswere completed, based-on OhioMedicaid

data. Black lines are the averages for 2013-2018 and 2019-2021.
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Historical prevalence of asthma before 2013 had to be
estimated because Ohio Medicaid data were unavailable before
2013. One estimate was from the National Survey of Children’s
Health.11 A second was based on the 2011 Child Well-Being Sur-
vey of Cincinnati residents.12 A third estimate used a 2011 study
of asthma morbidity by Cincinnati neighborhood.13 Although not
a documentation of asthma prevalence, this study reported asthma
hospitalization rates in 2011 for each of 93 Cincinnati neighbor-
hoods, including the Fay Apartments.

With these prevalence estimates, we assessed changes in
asthma prevalence from before to after the renovations. Logistic
regression modeling was used to obtain the log odds of asthma
diagnosis in the cohorts of 7-year-olds. We tested statistical
significance of the general downward trend over time (2013-
2021) and an apparent shift in the trendline in asthma prevalence
after 2018 (2013-2018 vs 2019-2021).
RESULTS AND DISCUSSION
The National Survey of Children’s Health, from 2007,

estimated that 13% of children in Greater Cincinnati had
asthma.11 The 2011 Child Well-Being Survey estimated that
17% of children living within Cincinnati had asthma.12 Also in
2011, children from the Fay Apartments were hospitalized for
asthma at twice the rate of the rest of Greater Cincinnati.13 There-
fore, the prevalence of childhood asthma in the prerenovation Fay
Apartments was likely at least 12%. This is consistent with the
higher prevalence of asthma documented in underresourced Afri-
can American/Black communities across the United States.14

Moreover, in 2011, at least 7.5% of those identifying as Black
lived in substandard housing.2 Of note, correlations previously
made between race and asthma rates may be correlations between
race and housing disparities, including increased urban habitation
in older homes.15,16

Table II shows Medicaid data for 7-year-olds in the Villages of
Roll Hill who were diagnosed with asthma in the years after ren-
ovations. Asthma prevalence before 2019 averaged 12.7% and
declined to 5.9% from 2019 to 2021 (Fig 1). Table III illustrates
results from logistic regression analyses of the log odds of asthma
prevalence. A general linear downward trend by itself was signif-
icant (P < .001). Introduction of a dummy variable (ie, X5 0 for
data from 2013-2018 and X5 1 for data from 2019-2021) into the
model resulted in a significant (P < .001) downward shift and
negated the significance (P 5 .29) of the linear trend. In other



TABLE III. Results from competing logistic regression analyses

on log odds of prevalence of asthma (see Table II)

Independent variables

Model Intercept Year 2019 event

Trend only –1.85 –0.090 (<0.001) NA

Trend 1 2019 event –2.07 0.046 (0.29) –1.04 (<0.001)

2019 event only –1.96 NA –0.82 (<0.001)

The potential independent variables include (1) trend over time and (2) a single

"dummy" variable, x, representing whether data is from the period before 2019 (x5 0)

or from the period from 2019 through 2021 (x 5 1). The numbers in parentheses are

P values for the respective independent variables. Year represents the difference of the

actual year from the year 2013 for equivalent interpretation of intercept values.

NA, Not applicable.
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words, it seems that the significance of our result was driven
largely by a change in the period 2019-2021, thus illustrating
the potential impact of housing renovations.

Our findings should be interpreted in the context of nearly 2
decades of studies testing various approaches to reducing the
health impact of asthma in underresourced communities. One of
the most common approaches is application of various forms of
green housing renovations. Although forms of renovation vary
across many of the studies conducted, a common goal is to
provide sustainable, quality housing and reduce adverse expo-
sures. For example, 1 study considered the health of families
before and after they moved into ‘‘green healthy’’ housing
(n 5 325).17 Self-reported health status, visual assessments of
housing conditions, and indoor-air sampling were used to assess
the impact of the changes. Although asthma symptoms were
self-reported to have improved after the move into green housing,
reduced use of medical interventions for asthma could not be
substantiated.18

In a separate study conducted in Minnesota, Breysse et al19

found significant environmental improvements following low-
income housing renovations carried out by using Enterprise
Green Communities specifications. One year after the renova-
tions, Breysse et al19 found no improvement in adult or children’s
asthma; however, this could be due to the short duration of the
follow-up. In a study in Seattle, public housing units were built
to breath-easy homes (BEHs) standards.20 These standards call
for use of positive pressure house ventilation systems with air
filtering, tempered fresh air supply, and heat recovery to improve
indoor air quality. In this study, survey responses of families of
children with asthma who moved into BEH renovated housing
were compared with those of families receiving only clinic-
based education or in-home asthma help and support.20 As a result
of the move into BEH-type housing, asthma symptoms improved
but FEV1 values did not change.21 Finally, Colton et al22

compared health outcomes for children with asthma who moved
from conventional to new green public housing in Boston with the
health outcomes of those remaining in conventional public hous-
ing. Managers of the green properties also adopted integrated pest
management and tobacco smoke prohibitions within the proper-
ties. Children with asthma who moved into ‘‘green homes’’ had
significant reductions in asthma symptoms compared with chil-
dren in conventional homes.

We believe that a common limitation of the aforementioned
studies was the short follow-up period. This is understandable
because of the generally limited funding, and therefore limited
duration, of the studies. Still, more extended follow-up would
likely have provided clearer results. For the renovated Villages at
Roll Hill, it was not until the cohort of infants born after the
renovation had reached 7 years of age that a significant reduction
in asthma prevalence was captured in the Medicaid data. This
would be consistent with the hypothesis that asthma development
has its origins in infancy or very early childhood.

Our study has limitations. It is impossible to know from
deidentified Medicaid data how many children born after the
renovations lived in the community until age 7 years. However,
because of the dramatic improvement in the quality of the housing
after renovations, we think that it is reasonable to suggest that
most families stayed. Another limitation was the possible impact
of the coronavirus disease 2019 (COVID-19) pandemic, which
began in the United States in March 2020. The pandemic kept
many vulnerable people from seeking routine medical care,23 but
the situation improved by late 2020.24 Still, the asthma prevalence
estimates based on Ohio Medicaid data for 2020, may be an un-
derestimate. Finally, we lackedMedicaid data for the years before
renovation, potentially limiting the accuracy of pre-renovation
prevalence estimates. Still, we have been monitoring childhood
asthma morbidity in Cincinnati neighborhoods for many years,
with emergency visits and hospitalizations occurring at high rates
since at least 2009.25 In addition, in the first 6 years after renova-
tion, the prevalence of asthma based on Medicaid data averaged
more than 12%. It is therefore unlikely that community preva-
lence would have been substantially lower in the years before
the renovations than immediately after the renovations.

It appears that if green building renovations result in a
reduction in childhood asthma prevalence, the reduction will
not be immediately measurable. Therefore, to document the
impacts of housing renovations on health, the community should
be monitored for many years. Although no cause(s) of the
reduction in the prevalence of asthma can be identified from our
study because the renovations altered many potentially problem-
atic exposures, a comprehensive approach to improving sub-
standard housing seems promising. And finally, we suggest that
clinicians and community health workers could improve asthma
management by making themselves aware of links between
asthma and housing, between zip code and health outcomes. In
turn, they can ensure that anticipatory guidance includes discus-
sions of trigger avoidance and that they can connect with
community partners (eg, health and building departments, the
housing authority, policymakers) adept at mitigating adverse
housing conditions.
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Clinical implications: Clinicians could improve asthma man-
agement by engaging in discussions related to trigger avoidance
and connecting with community partners adept at mitigating
adverse housing conditions.
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