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Abstract: The multi-decade housing crisis has emerged as a critical aspect of both the ability of
individuals to remain housed within the community as well as a critical health concern that impacts
the long-term well-being through the presence or absence of both physical space and facilities in
the home. We employ national state-level data from the American Community Survey (ACS) and
aggregated measures from the Annual Disability Statistics Compendium to analyze six housing
metrics—complete kitchen and plumbing access, overcrowding, housing cost burden, old housing,
and poor housing. Using a lagged time-series regression analysis, we found the prevalence of cost
burdened households in 2022 when accounting for individual and compounding housing metrics,
and housing types, from 2019 to 2022, across community-living adults by disability status. Ultimately,
we demonstrate that the carryover effects of housing issues is a greater contributor to housing
cost burden than concurrent housing issues. This compounding and multi-faceted crisis further
demonstrates that housing conditions and affordability need to be considered primary factors in the
study and support of people with disabilities. Additionally, there is an urgent need for inclusive
housing policies that address the challenges faced by disabled individuals to promote equitable
access to sustainable, quality housing as a fundamental component of public health.

Keywords: housing affordability; disability; social determinants of health; housing inequality;
housing issues; housing type

1. Introduction

Housing costs have become a major public health concern, which is a situation rooted
in the affordability crisis from the Great Recession of 2008 and further intensified by
the COVID-19 pandemic [1]. Broadly, high-income countries have been experiencing a
prolonged and multifaceted housing crisis leading to increasing rates of housing inequality
due to both rising housing costs and declining housing welfare policies [2]. This global
affordability crisis has predominantly focused on overall housing affordability [3] with
limited research on the specific consequences to vulnerable populations.

Housing cost burden and disability have most commonly been examined outside
of the United States but has been largely circumscribed to forms of public housing or
with disability grouped into older adults or socially vulnerable groups [2,4]. Some limited
research has examined housing cost burden and disability. In the United Kingdom, research
has found that housing costs are significantly higher for disabled adults [5]. In Korea, these
higher housing cost burdens experienced by disabled adults are associated with poorer
mental health [6]. Analysis of over two dozen EU countries showcased that when people
fall behind in housing payments, their health deteriorates substantively for everyone,
including people with disabilities [7]. In attempts to reduce the effect of housing cost
burden, Sweden has gone so far as to generate a substantive amount of public housing for
disabled adults [8].
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In the United States, the intersection of housing and health manifests itself most
dramatically where housing burdens disproportionately impact minority groups and
individuals with disabilities [1]. The prevalence of older and inadequately maintained
housing further exacerbates social exclusion and health risks for disabled individuals [9-11].
Thus, secure housing is not only vital for meaningful community engagement for disabled
individuals but also serves as a significant social determinant of health [1].

Thus, research must consider the multi-dimensional nature of housing through cost
burdens, upkeep and maintenance, renting vs. ownership, and types of housing, which
create a continuous crisis of precarity for adults with disability that intersects with long-
term health disparities for adults with disabilities in the United States.

1.1. Housing as a Social Determinant of Health for Disability

Social determinants of health are defined by the World Health Organization as ‘non-
medical factors that influence health outcomes. They are the conditions in which people
are born, grow, work, live, and age, and the wider set of forces and systems shaping
the conditions of daily life’ [12,13]. Some of those systems are social norms, economic
policies, and political systems. Social determinants of health account for between 30 and
55% of health outcomes [12,13]. These factors are often distributed unequally through
discriminatory systems and can therefore have a drastic impact on a person’s quality of
life [14,15].

Due to this unequal distribution, social determinants of health are even more impactful
for quality of life for those with disabilities. Social determinants of health deficits are
associated with a significant increase in disability based on the current literature [16-18].
However, those with disabilities are still less visible than other social groups despite
the major impact social determinants of health have on this population [19-21]. It is
also important to note that not all disability is the same, and “scholars caution against
generalizing from such research to a population with a substantially different health
profile” [22]. While avoiding generalization, it is key to understand the intersectionality of
those with disabilities.

While housing is understood as a social determinant of health in relation to the general
population, the role of disability has generally been left unexplored in the United States.
There are very few studies that focus on housing as a social determinant of health for
those with disabilities The work surrounding housing and social determinants of health
has been a keen focus of rehabilitation scholars examining the role of housing in terms of
community and resource access [23-25]. The intersectionality of disability has often been
left behind. When researched, housing is often marginal and not the primary focus of the
study [16,18]. Friedman conducted a study on disparities in social determinants of health
amongst people with disabilities. They found that multiple characteristics were correlated
with lower social determinants of health, one of which was residence type [16]. Frier also
found that there was a compounding effect for those with disabilities when it came to a lack
of employment and the increased cost burden of housing [18]. These studies move us in
the right direction to illustrate the multi-faceted impact that housing has on an individual’s
social determinants of health; however, neither were conducted in the United States, nor
was the primary focus of their study on housing as a social determinant of health in relation
to those with disabilities.

The intersection of housing and disablement is a complex and critical area of study,
particularly as individuals with disabilities seek to meet their needs while living in the
community. Specifically, housing aspects that potentially offer unique challenges to those
with disabilities include indicators such as housing hazards, amenities, retrofitting, and
assistive devices, as well as neighborhood conditions and urban-rural differences. The need
to meet additional health and housing needs, including accessibility and safety, combined
with often greater employment instability, makes persons with disabilities more susceptible
to housing crises and directly impacts health outcomes [26,27].
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1.2. Housing Type

Housing planning and policy fails to account for housing that is available to persons
with disabilities, causing social exclusion for disabled individuals [28]. The need for
accessible housing increases when measuring the expected lifetime of a housing unit as
opposed to measuring at a single point in time for an individual household. The probability
of a housing unit being occupied by a disabled resident was estimated as substantial in the
United States, pointing to a greater need for accessible single-family detached units [29].

Higher odds of disability were found amongst those who lived in mobile homes
or large apartment buildings compared to those living in single-family homes [29]. Fur-
thermore, previous findings noted that disabled persons were more likely to experience
compounding housing issues, and they were more likely to live in apartments and mobile
homes [9,13]. Additionally, they may face housing that is not properly upkept and has had
little maintenance [13].

1.3. Housing Issues

In the United States, many disabled individuals actively participate in the rental market.
However, this creates unique challenges for individuals with disabilities: first, rental prices
have increased dramatically, and second, it is often much harder to introduce the improve-
ments and accessibility changes often needed for persons with disabilities [30,31]. On average,
individuals with disabilities spend 131% of their monthly income on rent for a one-bedroom
apartment [1]. For individuals who may rent or own a house, other challenges exist. For in-
stance, attributes of the house can generate other costs that add to and increase the disabled
person’s cost burden beyond the rent itself, such as deficiencies in plumbing and kitchen
facilities. Not only do these deficiencies compound cost burdens for individuals with
disabilities, but this cost burden is exacerbated by the fact that individuals with disabilities
are more likely to live alone, although this reduces the prevalence of overcrowded housing
in comparison to adults without disabilities [31]. Due to cost, many adults with disabilities
opt to live in older housing, which presents its own challenges. Older buildings and an
overall lack of quality housing for disabled individuals is an ongoing concern. A lack of
space, standardization in design, cause an overall failure to allow an individual to live
comfortably and humanely [11]. Specifically, a lack of quality space including standardiza-
tion in design for individuals with disabilities leads to further disparities for a group that
deserves to live comfortably and humanely. Disabled individuals may face inappropriate
housing that is unsuitable and overall ableist in its design processes.

For this study, compounding housing issues is defined as having incomplete plumbing,
an incomplete kitchen, and old housing. This type of compounding housing issues leads
to further burdens for individuals with disabilities, such as additional health risks to an
otherwise at-risk population for worse health [32]. Compounding housing issues make
community living burdensome as residents become more susceptible to added health
risks [1]. Moreover, successful rehabilitation requires a safe, stable and affordable home to
return to the community in. In this context, housing improvements can lead to improved
health and successful rehabilitation and a return to the community and home.

Although it is well known that compounding poor housing issues is associated with
poorer health for individuals with disabilities, no studies have examined the relationship
between compounding housing issues and how compounding housing issues further adds
to other housing issues as well as housing cost burden.

To that end, the purpose of this research was to examine housing precarity with multi-
faceted housing issues that aggregate across time. To accomplish this, we examine how
singular housing issues, compounding housing issues, and housing type are different for
disabled adults compared to non-disabled adults. Then, we examine the effect of singular
housing issues, compounding housing issues, and housing type on housing cost burden
both as a concurrent effect as well as a lagged effect for disabled adults.
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2. Materials and Methods
2.1. Materials

We utilized national state-level data from 2019 to 2022 within the American Commu-
nity Survey (ACS), a nationally representative online study conducted by the US census
annually, examining a wide breath of topics including housing and disability. Data for the
years 2019 to 2022 provide comprehensive coverage of the existing housing crisis utilizing
the most recent data at the time of this analysis. This four-year snapshot provides the ability
to examine concurrent and carryover effects: concurrent effect 2022, one-year immediate
past effect 2021, two-year lagged effect 2020, and three-year lagged effect 2019. ACS data
are provided for state-level measures of all 50 states. States with low response rates which
do not pass the census’s ethical standards for small N data are omitted from reporting and
thus also omitted from this analysis.

The ACS measures housing issues across six housing metrics: lacks complete kitchen,
lacks complete plumbing, overcrowded home environment, housing cost burden, old
housing, and compounded housing issues. The ACS also measures types of housing such
as house, apartment, or mobile home, which encompasses all other housing types. In
addition to housing metrics, the ACS also requests information on individual self-reported
disability states. This housing and disability data were combined to generate state-level
metrics of prevalence for housing issues and housing types by disability status.

Data for this study are supplemented with state-level aggregated measures from the
Annual Disability Statistics Compendium. Data from the Annual Disability Compendium
utilizes the U.S. Census Bureau American Community Survey, Public Use Microdata
Sample (PUMS) with Experimental Weights for its calculations.

2.1.1. Housing Cost Burden Measures

Households are classified as having a ‘housing cost burden’ if the household residents
spent more than 30% of their household income on housing costs. Housing cost includes
rent or mortgage payments; however, housing cost does not include other housing costs
such as household maintenance, repairs, and utilities [33]. The Census Bureau released
a report on Multidimensional Deprivation in the spring of 2019. The Multidimensional
Deprivation Index (MDI) consists of six dimensions: standard of living, health, education,
economic security, housing quality, and neighborhood quality. One criticism of the MDI is
that the neighborhood quality dimension was based on county level data. To be considered
a deprived county, the county had to be in the bottom 10 percent of counties, as measured
by crime, pollution, and access to food, for at least two out of the three metrics. Six alterna-
tive neighborhood quality measures, available at the census tract or block group level, are
discussed in this paper. To evaluate these different neighborhood quality measures, three
criteria are examined: the geographic level at which the measure is available; the relation-
ship of the neighborhood quality measures to several county level social and economic
characteristics; and the relationship of the neighborhood quality measures to tract level
social and economic characteristics. Using these criteria, the original measure from the 2019
MDI report performs the worst, and the national Area Deprivation Index (ADI) measure
performs the best. When the national ADI is used to measure neighborhood quality, the
MDI rate is not statistically different than the original MDI for the United States. However,
the MDI rate is higher than the original MDI in 21 states, lower than the original MDI in
10 states and the District of Columbia, and not statistically different than the original MDI
in 19 states [33].

2.1.2. Housing Issues Measures

The metric ‘lacks complete kitchen” applies to housing units missing one or more of
the following essential kitchen components: a refrigerator, a stove or range, or a sink with
faucet [33]. ‘Incomplete plumbing’ refers to the percentage of state residents who lack access
to both hot and cold running water and/or a shower or bathtub [33]. ‘Overcrowded home
environment’ is defined as having more than twice the number of occupants compared to
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the number of bedrooms in a home [33]. ‘Housing cost burden” describes situations where
residents spent more than 30% of their household income on housing costs [33]. Housing is
considered ‘old housing’ if it was constructed in or prior to 1990, making it at least 30 years
old at the time the data were collected [33].

‘Compounded housing issues’ is derived from the poor housing measure which identifies
all households that experience at least two of the described housing measures: lacks complete
kitchen, lacks complete plumbing, and overcrowded home environment. The metric is a
comprehensive measure to include residents who may not be income poor but experience
accumulating deprivation of quality and livability within their homes [33,34].

2.1.3. Housing Type Measures

Housing types are measured by state-level percentages of adults (ages 18-64) living in
communities in the United States, who reside in houses [33], apartments [33], or mobile
homes [33].

2.1.4. Community-Living Adults by Disability Measures

Community-living adults are all individuals aged 18 and older in the United States
who at the time of data collection resided outside of institutional settings. Institutional
settings include correctional facilities, nursing facilities, group homes, dorms, hospitals or
residential healthcare facilities.

Disabled adults are defined as persons 18 years and older who have at least one
of the six types of disabilities defined in the United States of America by the American
Community Survey: hearing difficulty, vision difficulty, cognitive difficulty, ambulatory
difficulty, self-care difficulty, and independent living difficulty [35]. Non-disabled adults
are all individuals 18 years of older who do not experience any of the listed disabilities.

2.2. Methods

In the first stage of analysis, we compared state-level housing issues between community-
living disabled persons and non-disabled persons for the years 2019 to 2022 using paired
sample t-tests. For each state, we have the prevalence as percent of disabled and non-disabled
persons for these measures, making these variables well suited for paired sample ¢-tests.
These results and descriptive statistics are presented in Table 1. After establishing a clear
distinction between disabled persons and non-disabled persons, we then examined the
averaged cumulative trends of the 4-year metrics of housing burdens, housing issues, and
housing types to consider potential state and regional trends in housing. Finally, in our
third stage of analysis, we utilized lagged time-series regression analysis to examine both
the lagged individual year and compounding year lagged effects of housing cost burden of
disabled households in 2022 issues as predicted by the percent of housing type, singular
housing issue metrics, and compounding housing issue metrics from 2019 to 2022.

Single Year Lagged Time-Series Regression Equations:

Yeostburden2022 = B0 + 1 XHousingType2022 + P2XHousinglssue2022 + B3XCompoundingHousinglssues2022 + €t
Yostburden2022 = B0 + B1XHousingType2021 + B2 XHousinglssue2021 + P3XCompoundingHousinglssues2021 + €t
Yeostburden2022 = B0 + B1XHousingType2020 + B2XHousinglssue2020 + B3XCompoundingHousinglssues2020 + €t
Yeostburden2022 = B0 + P1XHousingType2019 + B2XHousinglssue2019 + B3XCompoundingHousinglssues2019 + €
Compounding Lagged Time-Series Regression Equation:

®  Yeostburden2022 = B0 + B1 XHousingType2022 + B1 XHousingType2021 + B1 XHousingType2020 + B1
XHousingType2019 + P XSingleHousingIssue52022 + B XSingleHousingIssuesZOZl + B
XSingleHousingIssuesZOZO + B XSingleHousingIssuesZOl9 + B XCompoundingHousingIssueSZOZZ + B
X CompoundingHousingIssues2021 + B1 X CompoundingHousinglssues2020 + 1
XCompound'mgHousingIssueSZOl9 + et
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Table 1. Prevalence of Housing Issues.

Adults with Adults Without Paﬁ;‘;g’:ﬁ' e
Disabilities Disabilities P
t-Tests
M SD M SD t P
2019 State Level Prevalence
Housing Type
House 64.78 8.09 74.14 7.15 13.580 o
Apartment 25.34 10.65 20.03 8.97 —8.246 i
Mobile Home 10.47 5.90 5.94 4.37 —12.532 Hx
Singular Housing Issue
Lacks Kitchen 1.13 0.66 0.49 0.30 —8.755 Hx
Lacks Plumbing 0.81 0.64 0.39 0.39 —8.345 Hx
Overcrowded 3.73 1.77 3.81 2.16 0.743
Housing Cost Burden 33.03 4.99 20.1 3.85 —26.169 i
Old Housing 30.81 9.76 38.11 10.81 16.699 HE
Compounding Housing Issues
2 or More Housing Issues 14.21 3.04 6.94 1.89 —26.556 i
2020 State Level Prevalence
Housing Type
House 65.53 8.33 75.52 7.33 18.234 wHx
Apartment 24.68 11.34 18.82 9.01 —10.253 x
Mobile Home 10.38 6.31 5.76 4.19 —10.726 o
Single Housing Issue
Lacks Kitchen 1.09 0.54 0.46 0.26 —10.114 Hx
Lacks Plumbing 0.78 0.82 0.35 0.35 —5.134 X
Overcrowded 3.70 1.89 3.78 2.25 1.248
Housing Cost Burden 32.75 4.96 19.78 4.02 —30.156 wEx
Old Housing 30.18 9.31 37.59 10.00 16.511 X
Compounding Housing Issues
2 or More Housing Issues 13.94 3.04 6.97 2.01 —26.614 ok
2021 State Level Prevalence
Housing Type
House 65.15 8.36 75.13 7.35 17.348 wHE
Apartment 25.66 11.18 19.35 9.01 —9.893 o
Mobile Home 9.73 5.67 5.64 4.16 —13.301 x
Singular Housing Issue
Lacks Kitchen 1.12 0.61 0.50 0.26 —8.424 X
Lacks Plumbing 0.88 0.89 0.40 0.39 —5.569 x
Overcrowded 4.01 1.87 3.86 2.06 —0.418
Housing Cost Burden 33.81 512 21.4 423 —2.455 ot
Old Housing 32.81 10.02 40.68 11.17 17.969 x
Compounding Housing Issues
2 or More Housing Issues 15.25 3.27 7.88 2.16 —23.452 ok
2022 State Level Prevalence
Housing Type
House 64.19 7.95 74.62 7.67 19.077 X
Apartment 26.6 11.03 19.88 9.40 —11.069 x
Mobile Home 9.20 5.95 5.50 413 —11.810 wHx
Singular Housing Issue
Lacks Kitchen 1.13 1.06 0.53 0.30 —5.325 x
Lacks Plumbing 0.84 1.08 0.40 0.46 —4.782 *Hx
Overcrowded 3.87 1.92 3.80 2.01 —0.495 X
Housing Cost Burden 28.24 4.09 16.81 3.46 —30.272 x
Old Housing 34.75 10.14 42.01 11.48 17.572 *Hx
Compounding Housing Issues
2 or More Housing Issues 1.79 1.33 1.24 0.77 —4.197 wEE

% < 0.001.
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A lagged time-series regression analysis allows researchers to consider the time delay
between the current value and its past values or associated values. In this context, we
consider housing cost burden in 2022 by components of housing type and housing issues in
previous years to capture the potential temporal patterns in housing precarity for disabled
persons. These results are displayed in Table 2. Our combined, compounding lagged
time-series regression analysis considers the combined effects of multiple years, housing
issues, and housing types, on the housing cost burden in 2022. These results are displayed
in Table 3.

Utilizing a lagged dependent variable in situations where the dependent variable (t) is
a function of t — 1, modified by new information, captures the dynamic specification of
the process being modeled. This both creates an improved specification of the underlying
model and reduces or eliminates the effects of autocorrelation by downward biasing of
the coefficients of the explanatory variables [36]. In this way, we correctly specify both
our theoretical model, where previous housing conditions are generally continuations of
previous housing conditions, and mathematically, by controlling for the autocorrelation of
explanatory variables in our analysis.

Data in this study were curated through SPSS (version 29.0.2.0), analyzed via SPSS and
STATA (version 18.5), and visualizations were generated through Excel (version 16.91.1).

Figure 1 is a research flow diagram outlining the data curation and analytical process
used for this study.

Housing Issues

Disabled vs Non-Disabled

Single Housing Compounding
Issues Housing Issues

Housing Issues

Concurrent Effect Single Housing Compounding

Issues Housing Issues

Lagged Effect

Figure 1. Research flow diagram.
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Table 2. Concurrent and lagged year time-series regression analysis, predicting housing cost burden by housing type and housing issues.

. Housing Type, Single Housing Issue, Housing Type and
Housing Type and Compounding Housing Issues Compounding Housing Issues
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12
2019 2020 2021 2022 2019 2020 2021 2022 2019 2020 2021 2022
B sig B sig B sig B sig B sig B sig B sig B sig B sig B sig B sig B sig
Housing type !
Apartment 0.30 034 030 027 026 o 0.12 0.21 * 021 ** 019 ** 0.20 o 0.17 o027
Mobile home —0.03 —0.01 —0.04 ** —0.04 0.09 0.01 0.09 0.03 —0.02 —0.04 —0.04 —0.04
Singular housing issue
Incomplete kitchen 0.35 0.85 1.33 1.48
Incomplete plumbing -1.73 —0.99 —202 * —1.47
Old housing —0.01 —0.03 —0.04 —0.04
Overcrowded home 0.41 0.54 * 0.58 * 0.87 *
Compounding housing issues
2 or more housing issues 0.37 0.47 * 0.42 * —0.64 054 ** 0.53 ** 0.59 ** —0.04
Intercept 20.91 #2013 %+ 21.08 2146 *** 1578 1745 ¥ 1544 o 2120 ¥ 1598 ** 1642 1539 ¥ 2155
Model fit 0.5360 0.6276 0.5230 0.5651 0.7028 0.8175 0.7409 0.6337 0.6128 0.7088 0.6278 0.5560

! reference group- living in house. * p < 0.05, ** p < 0.01, *** p < 0.001. Note: Models examining housing type and singular housing issues reported in Appendix A.
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Table 3. Compounding year lagged time series regression analysis; housing cost burden in 2022,
predicted by housing issues and housing type.

Model 1 Model 2 Model 3 Model 4
2022 2022-2021 2022-2020 2022-2019

Housing Type
House

2019 —-0.05

2020 —0.18 —-0.17

2021 —0.11 —0.10 —0.09

2022 -3.32 o -0.21 —0.05 -0.03

Intercept 49.00 49.07 49.67 49.89

Model Fit (12) 0.3831 0.3752 0.3819 0.3701
Apartment

2019 0.12

2020 0.43 ** 0.41 **

2021 0.18 0.03 —0.03

2022 0.28 x 0.10 —-0.17 —0.20

Intercept 20.72 20.86 21.51 21.37

Model Fit (12) 0.5724 0.573 0.6542 0.6515
Mobile Home

2019 0.37

2020 —0.43 T —0.49 T

2021 —-0.19 —-0.17 —-0.21

2022 —0.39 hd —0.16 0.26 —0.01

Intercept 31.8 31.26 31.31 31.05

Model Fit (r2) 0.3131 0.2398 0.2699 0.2764
Single Housing Issues
Incomplete Kitchen

2019 —1.66

2020 0.21 0.55

2021 1.57 2.89 3.51

2022 —0.06 —0.66 —-1.22 —0.89

Intercept 28.31 27.47 26.52 27.06

Model Fit (r2) —0.0201 —0.0232 —0.0507 —0.0674
Incomplete Plumbing

2019 —0.39

2020 —5.63 —5.38 t

2021 0.01 5.67 T 5.58 T

2022 —0.38 —0.27 —0.95 —0.85

Intercept 28.55 28.60 28.65 28.76

Model Fit (12) —0.0104 —0.0494 0.1047 0.0696
Overcrowded

2019 —0.11

2020 0.91 t 0.76

2021 0.35 -0.35 0.29

2022 1.17 i 0.92 0.58 0.30

Intercept 23.71 23.25 23.81 23.50

Model Fit (r2) 0.2881 0.2847 0.2804 0.2794




Urban Sci. 2024, 8, 251

10 of 18
Table 3. Cont.
Model 1 Model 2 Model 3 Model 4
2022 2022-2021 2022-2020 2022-2019
Old Housing
2019 —-0.29
2020 —0.33 —-0.21
2021 0.09 0.31 0.36
2022 —0.18 ** —-0.27 —-0.19 0.08
Intercept 34.515 34.556 34.779 34.33
Model Fit (12) 0.1844 0.1705 0.2108 0.213
Compounding Housing Issues
2 or More Housing Issues
2019 0.11
2020 0.57 ** 0.53 **
2021 1.09 Hx 0.67 x 0.61 **
2022 0.51 —0.61 * —0.50 t —0.52 t
Intercept 27.33 12.71 10.93 10.87
Model Fit (r2) 0.007 0.6411 0.715 0.7099

+p<0.10, * p < 0.05, ** p < 0.01, *** p < 0.001.

3. Results
3.1. Housing Issues and Housing Types by Disability

Our first stage of analysis, Table 1, presents a comparison of state-level housing issues
between community-living disabled persons and non-disabled persons for the years 2019
to 2022 using paired sample t-tests.

For housing type from 2019 to 2022, adults with disabilities are more likely to live in
apartments and mobile homes, while non-disabled adults are more likely to live in houses.
For singular housing issues from 2019 to 2022, adults with disabilities are more likely to have
an incomplete kitchen, incomplete plumbing, and have high housing cost burden while
adults without disabilities are more likely to live in old housing. For compounding housing
issues from 2019 to 2022, adults with disabilities are more likely to have multiple housing
issues. To that end, there are significant and substantive differences between disabled
and non-disabled adults on types of housing, singular housing issues, and compounding
housing issues where disabled adults consistently have poorer housing. Notably, the only
housing measure for which disabled and non-disabled adults do not significantly differ is
for living in a home that is overcrowded.

Adults with disabilities also were found to have higher rates in four out of six housing
issues: incomplete kitchen (Mgisabled = 113, Mnon-disabled = 049, t = —8.755, p < 0.001),
incomplete plumbing (Mgjsabled = 0-81, Mpon-disabled = 0.39, t = —8.3455, p < 0.001), housing
cost burden (Mgjsabled = 33.03, Mpon-disabled = 20.10, t = —26.169, p < 0.001), and poor
housing (Mdisabled =14.21, M on-disabled = 6-94, t = —8.3455, p< 0001)

Additionally, in 2020, adults with disabilities were less likely to live in old housing
(Mgisabled = 30.18, My on-disabled = 37.59, t = —165.11, p < 0.001) but more likely to expe-
rience all other housing issues: incomplete kitchen (Mgisabled = 1.09, Mpon-disabled = 0-46,
t=—10.114, p < 0.001), incomplete plumbing (Mgjsabled = 0.78, Mnon-disabled = 0.35, t = —4.782,
p < 0.001), housing cost burden (Mgisabled = 32.75, Mpon-disabled = 19.79, t = —30.156,
p <0.001), and poor housing (Mgjsabled = 13.94, Mpon-disabled = 6.97, t = —26.614, p < 0.001).

Furthermore, in 2021, the prevalence of having an incomplete kitchen (Mgisapled = 1.12
Mpon-disabled = 0.50, t = —8.424, p < 0.001), incomplete plumbing (Mgisabled = 0-88, Mpon-disabled = 040,
t= —5569, p < 0001), housmg cost burden (Mdisabled = 3381, Mnon-disabled = 2140, t= —2455,
p < 0.001), and poor housing Mgisabled = 15.25, Mnon-disabled = 7-88, t = —23.452, p < 0.001) was
higher for adults with disabilities than for adults without disabilities but lower for living in old
housing (Mgisabled = 32-81, Mpon-disabled = 40.68, t = 17.969, p < 0.001).
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In 2022, adults with disabilities were less likely to live in old housing (Mgisabled = 34.75,
Mpon-disabled = 42.01, t = 17.572, p < 0.001), but they more likely to experience all other housing
issues: lacking complete kitchen (Mgjsabled = 1.13, Mpon-disabled = 0.53, t = —5.325, p < 0.001),
lacking complete plumbing (Mgisapled = 0-84, Mpon-disabled = 040, t = —5.569, p < 0.001), housing
cost burden (Mgigapled = 33.81, Mpon-disabled = 21.40, t = —2.455, p < 0.001) and poor housing
(Maisabled = 1.79, Mpon-disabled = 1.24, t = —4.197, p < 0.001).

The results from Table 1 clearly demonstrate that overall, adults with disabilities
overwhelmingly experience more housing issues than adults without disabilities, both
across housing issues and over the course of years. This clear distinction validates our
second stage of analysis where we consider the effects on just households with disabled
individuals. In Figure 2, we examine the average cumulative trends of the 4-year metrics of
housing burdens, housing issues, and housing types by state to consider potential state
and regional trends in housing.

4 Year Housing Cost Burdens and Compounding Housing Issues
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Figure 2. Four-year average percentage for persons with disability.

In Figure 2, the top chart demonstrates a high association when comparing the 4-year
averaged housing cost burdens and compounding housing issues by state. The bottom left
chart illustrates the relative differences in housing type by states, indicating that although
disabled households were significantly more likely to live in an apartment or mobile home
than non-disabled persons (displayed in Table 1), most disabled persons also live in single
family homes throughout the United States. Finally, the bottom right chart demonstrates
singular housing issues across states, demonstrating some key differences in state-level
metrics. Specifically, states with overcrowding as the key housing issue are generally
distinct from states where plumbing and kitchen issues were the predominant housing
issues. Only Alaska (AK) ranked as one of the top five states across all three housing issues.

3.2. Housing Cost Burden by Prevalence of Housing Issues and Types: Individual Year
Lagged Effects

Table 2 includes the third stage of analysis and contains 12 models utilizing a lagged-
time-series regression analysis to examine the lagged year effects of housing cost burden of
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disabled households in 2022 issues as predicted by the percent of housing type, singular
housing issue metrics, and compounding housing issue metrics for each of the previous
3 years (2019-2021) and 2022.

Models 14 analyze the association between the housing cost burden percent in 2022
as predicted by the percent of disabled households type of housing for 2019-2022. Disabled
adults living in apartments in 2019 had a strong association with having a housing cost
burden in 2022 (3 = 0.30, p < 0.001). Similarly, in 2020, disabled adults living in apartments
had a strong positively associated outcome of experiencing a housing cost burden in 2022
(B =0.34, p < 0.001). Disabled adults living in apartments in 2021 were more likely to
experience a housing cost burden in 2022 (3 = 0.30, p < 0.001). Alternatively, disabled adults
living in mobile homes in 2021 were less likely to report having a housing cost burden in
2022 (3 = —0.04, p < 0.001). Disabled adults residing in apartments in the year 2022 had
a positive association with having a housing cost burden within the same year (3 = 0.27,
p <0.001).

Models 5-8 presents the association between the housing cost burden percent in
2022 as predicted by the percent of disabled households experiencing their housing type,
singular housing issue, and their compounding housing issues for 2019-2022. Disabled
adults living in apartments for 2019 ( = 0.26, p < 0.01), 2021 (§ = 0.21, p < 0.01), and
2022 (3 = 0.21, p < 0.001) were more likely to experience a housing cost burden in 2022.
Overcrowded homes occupied by disabled individuals in 2020 (3 = 0.54, p < 0.05), 2021
(B =0.58, p <0.05), and 2022 (3 = 0.87, p < 0.05) were more likely to face high housing cost
burdens in 2022.

Alternatively, disabled adults in 2021 who encountered incomplete plumbing were less
likely to have housing cost burdens in 2022 (3 = —2.02, p < 0.05). Disabled individuals who
encountered compounding housing issues in 2020 (3 = 0.47, p < 0.05) and 2021 (3 = 0.42,
p < 0.05) also experienced high housing cost burdens in 2022.

Models 9-12 focus on the relationship between the housing cost burden percent
in 2022 as predicted by the percent of disabled households experiencing their housing
type and compounding housing issues for 2019-2022. Disabled individuals living in
apartments in 2019 ( = 0.19, p < 0.01), 2020 (3 = 0.20, p < 0.01), 2021 (3 = 0.17, p < 0.01),
and 2022 (3 = 0.27, p < 0.001) were more likely to experience a housing cost burden in 2022
compared to disabled adults residing in mobile homes or houses. Disabled adults living in
apartments for each year of 2019, 2020, 2021, and 2022 experienced a housing cost burden
in 2022. Similarly, disabled households with compounding housing issues in 2019 (3 = 0.54,
p <0.01),2020 (p =0.53, p < 0.01), and 2021 (3 = 0.59, p < 0.01) experienced a higher housing
cost burden in 2022. This demonstrates an inter-year effect in which housing issues are
manifesting and persisting—creating cost barriers for basic needs like housing amongst
disabled individuals and disabled households.

3.3. Annual Analysis of Individual Housing Issues and Housing Type on Housing Cost Burden

Table 3 contains our compounding lagged time-series regression analysis, predicting
housing cost burden in 2022 at a state level by individual housing issues and individual
types of housing. Models are built in a reverse chronological order with housing issues and
housing types to predict housing cost burden in 2022. Model 1 uses only data from 2022,
Model 2 uses data from 2022 and 2021, Model 3 uses data from 2022, 2021, and 2020, and
finally Model 4 uses data from 2022, 2021, 2020, and 2019. This allows for improved model
accuracy to consider changing and lagged temporal patterns and illustrates carryover effects
of individual housing issues onto a current cost burden at a state level. Further, the use
of compounding lagged effects improves the interpretability of the models and identifies
causal relationships with overcoming the effects of autocorrelation among explanatory
variables by the downward biasing of the coefficients of the explanatory variables [36].
Thus, the coefficients presented in Table 3 can be considered conservative estimates of the
housing issues and housing type on cost burden in 2022.
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Overall findings indicate that the prevalence of incomplete plumbing, overcrowded
homes, and poor housing are significantly associated with housing cost burden. In 2022,
disabled adults with incomplete plumbing had a negative association, while overcrowding
and poor housing both have positive associations. Additionally, disabled households with
multiple compounding issues have significant overall effects on future cost burdens with
an r? above 0.7 for both Models 3 and 4 where multiple previous years are considered.

3.3.1. Housing Type

Housing type is analyzed across three distinct dwellings: houses, apartments, and
mobile homes. The overall findings indicate that a higher prevalence of disabled adults
living in houses in 2022 is associated with a lower housing cost burden in 2022, while a
higher prevalence of disabled adults living in apartments in 2020 and 2022 is associated
with a higher housing cost burden for disabled adults in 2022.

Houses. Model 1 indicates that the percent of disabled adults in 2022 that lived in
houses is inversely related to the housing cost burden in 2022, accounting for 38.31%
of the variability in housing cost burden (f = —3.32, p < 0.001, r?> = 0.3831). Models 2
through 4 indicate that the multiyear prevalence of disabled adults living in houses is not a
significant predictor of housing cost burden in 2022 for disabled adults.

Apartments. Model 1 indicates that the percent of disabled adults living in an apart-
ment is positively associated with the prevalence of housing cost burden for disabled
adults in 2022 (3 = 0.283, p < 0.001), accounting for 57.24% of the variability of housing cost
burden (r? = 0.5724). When combining 2021 and 2022 apartment prevalence, neither are
significant predictors of housing cost burden in 2022 (35021 = 0.180, p > 0.10; 2022 = 0.104,
p > 0.10). Model 3 uses data from 2020 through 2022 for apartment prevalence to project
the housing cost burden prevalence in 2022, where the prevalence of disabled adults living
in apartments in 2020 is positively associated with the prevalence of holding cost burden in
2022 ( = 0.432, p < 0.01), accounting for 65.42% of the variability of housing cost burden in
2022 (r2 = 0.6542). Similarly, in Model 4, when accounting for apartment prevalence from
2019 through 2022, the 2020 prevalence of apartment dwelling is positively associated with
housing cost burden in 2022 (3 = 0.413, p < 0.01), accounting for 65.15% of the variability of
housing cost burden in 2022 (12 = 0.6515).

Mobile Homes. Model 1 indicates that the percent of disabled adults living in a
mobile homes is positively associated with the prevalence of housing cost burden for
disabled adults in 2022 (3 = —0.39, p < 0.001), accounting for 31.31% of the variability of
housing cost burden (2 = 0.3131). When combining 2021 and 2022 mobile home prevalence,
neither are significant predictors of housing cost burden in 2022 (2021 = —0.19, p > 0.10;
B2022 = —0.16, p > 0.10). Model 3 indicates that there is a marginally negative association
with the prevalence of disabled adults living in mobile homes and housing cost burden
in 2022 (3 = —0.425, p < 0.10), accounting for 26.99% of the variability of housing cost
burden in 2022 (r? = 0.2699). Similarly, Model 4 indicates that there is a marginally negative
association between the prevalence of disabled adults living in mobile homes in 2020 and
housing cost burden in 2022 for disabled adults (3 = —0.490, p < 0.01), which accounts for
27.64% of the variability in housing cost burden (r> = 0.2764).

3.3.2. Single Housing Issues

Single housing issues are examined across four areas: incomplete kitchen, incomplete
plumbing, overcrowded homes, and old housing.

Incomplete Kitchen. Incomplete kitchens are not a significant predictor of housing
cost burden in 2022, which was indicated in Models 1 through 4.

Incomplete Plumbing. For incomplete plumbing, the Model 1 analysis indicates that
there is not a significant association between incomplete plumbing in 2022 and housing
cost burden in 2022 ( = —0.38, p > 0.10). Similarly, there is not an association between in-
complete plumbing in 2021 and 2022 and housing cost burden in 2022 (Model 2 35021 = 0.01,
p < 0.10; Bao2 = —0.27, p < 0.10). In Model 3, plumbing issues in 2020 have a negative
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association with housing cost burden (f = —5.63, p < 0.05), while plumbing issues in 2021
have a marginally positive association with housing cost burden in 2022 ($ = 5.67, p < 0.10).
State-level incomplete plumbing in 2020 through 2022 accounts for 10.47% of the variability
of housing cost burden in 2022 (r> = 0.1047). Similar to Model 3, the Model 4 findings
indicate that incomplete plumbing in 2020 has a marginally negative association (3 = —5.38,
p < 0.10) with housing cost burden in 2022, while incomplete plumbing in 2021 has a
marginally positive association (3 = 5.58, p < 0.10) accounting for 6.96% of the variability in
housing cost burden.

Overcrowded Homes. The percent of state-level overcrowded homes for disabled
adults in 2022 is positively associated with the amount of housing cost burden for disabled
adults in 2022 ( = 1.17, p < 0.001), accounting for 28.81% of the variability in housing
cost burden (r? = 0.2881). When overcrowded home data from 2022 and 2021 are used
(Model 2), 2022 is still a significant positive predictor of housing cost burden in 2022
(B =0.917, p < 0.05); however, the percent of overcrowded homes for disabled adults in 2021
is not a significant predictor (3 = 0.350, p < 0.10) with similar model fit to the 2022 model
(r> = 0.2804). The Model 3 findings using overcrowded home data from 2020 through 2022
indicate that 2020 has a marginally positive relationship with housing cost burden in 2022
(B =0.906, p < 0.10), accounting for 28.04% of the variability of housing cost burden in
2022 (r? = 0.2804). Model 4 utilizes data from 2019 through 2022 of overcrowded homes to
protect housing cost burden in 2022, yielding no significant results.

Old Housing. As indicated in Model 1, the prevalence of old housing in 2022 is nega-
tively associated with the prevalence of housing cost burden in that same year (3 = —0.18,
p < 0.01), accounting for 18.44% of the variability of the housing cost burden in 2022
(r? = 0.1844). Old housing in 2021 in 2022 when combined are not significant predic-
tors of housing cost burden in 2022 (2021 3 = 0.09, p > 0.10; 2022 3 = —0.27, p > 0.10).
Model 3 reports an analysis of old housing prevalence from 2020 through 2022, where old
housing in 2020 has a marginally negative association with housing cost burden in 2022
(B = —0.33, p < 0.10), accounting for 21.08% of the variability of housing cost burden in
2022 (r? = 0.2108). When combining prevalence data for old housing from 2019 through
2022, none are significant predictors of housing cost burden in 2022.

3.3.3. Compounding Housing Issues

Compounding housing issues were measured by a single metric, poor housing, where
households with two or more housing issues identified were then aggregated to a state level.

Compounding housing issues. The percent of poor housing of disabled adults in 2022
is not a significant predictor of housing cost burden in 2022 (Model 1, = 0.51, p < 0.10).
In Model 2, however, when the percentages of poor housing in 2021 and 2022 are used,
poor housing in 2021 has a positive association with housing cost burden in 2022 (3 = 1.09,
p < 0.001), yet poor housing in 2022 has a negative association ( = —0.50, p < 0.05). The
percentage of poor housing in 2021 and 2022 accounts for 64.11% of the variability of
housing cost burden in 2022 for disabled adults (r> = 0.6411). Model 3 contains poor
housing data from 2020 through 2022. Poor housing in both 2020 and 2022 has a positive
association with housing cost burden in 2022 (35020 = 0.57, p < 0.01; 2021 = 0.67, p < 0.001),
and poor housing in 2022 has a marginally negative association with housing cost burden
in 2022 ( = —0.50, p < 0.10). The percentage of poor housing experienced by disabled
adults in 2020 through 2022 accounts for a staggering 71.50% of the variability of housing
cost burden in 2022 (r? = 0.7150). Model 4 includes poor housing from 2019 through 2022
where poor housing in 2020 and 2021 both have positive associations with housing cost
burden in 2022, while poor housing in 2022 has a marginally negative association, where
poor housing across these years accounts for 70.99% of the variability and housing cost
burden for disabled adults (r> = 0.7099).
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4. Discussion

This analysis directly examines the carryover relationship between housing types
and cost burden for disabled adults across three dwelling types—houses, apartments, and
mobile homes, along with the impact of single and compounding housing issues, from 2019
to 2022. Our analysis highlights both individual and compounding effects for disabled
persons with housing types and associated deficiencies in the livability of their home. We
consider housing cost burden in 2022 by components of housing (type and housing issues)
in previous years to capture the potential temporal patterns and cumulative conditionalities
that account for causal effects in housing precarity by state for disabled persons in the
United States.

When comparing disabled and non-disabled adults” housing issues, disabled adults
are more likely to have housing cost burden, compounding housing issues, incomplete
kitchens, and incomplete plumbing, while non-disabled adults are more likely to live in old
housing. There are not significant differences in the prevalence of living in an overcrowded
home by disability status.

When predicting housing cost burden for disabled adults, there is a concurrent, or
same-year, effect, where disabled persons face a higher housing cost burden when more
disabled people are living in apartments and overcrowded homes. While there is a concur-
rent effect, the lagged effect is much stronger. Overall, 63% of the variability in housing
cost burden is accounted for in the concurrent year’s status on housing type and housing
issues compared to 70-82% for previous years. Thus, housing issues in prior years generate
greater housing burdens over time. When more disabled adults are living in apartments,
have incomplete plumbing, live in an overcrowded home and have compounding housing
issues, there are more disabled people with housing cost burden.

Overall, our findings highlight the key deficits that disabled persons face, in compar-
ison to non-disabled persons, when seeking affordable, accessible, and well-maintained
housing within their communities. We find that apartments contribute to higher cost
burdens, while mobile homes and houses were linked to lower burdens in some instances.
Using lagged time series regression analysis, we find that housing cost burdens in the
present are significantly associated with housing issues in previous years. Specifically,
home livability deficiencies demonstrate a two-year lagged effect on housing cost burdens,
demonstrating that poor quality housing is neither supportive of individuals needs for
community and livable housing, nor is it alleviating the precarious situation of persons with
disability due to lower cost burdens. The premise that older and lower quality housing,
while not adequate for disabled persons livability needs, would be somehow affordable,
is erroneous.

Instead, cost burdens and low-quality housing are synonymous, indicating that hous-
ing precarity, through cost burdens and poor housing conditions, represents a long-term
structural challenge to the ability of persons to remain housed within communities through-
out the United States. We argue this research demonstrates that there is no current model
of state-level policies or housing conditions that successfully addresses these issues as
inter-related and compounding factors. We find the analogy, “when it rains, it pours”, to be
particularly applicable, as these results underscore the compounding nature of housing
issues on cost burdens, demonstrating that housing precarity is strongly associated with
multi-faceted housing issues and aggregates across time.

5. Conclusions

The ongoing housing crisis and corresponding housing precarity throughout the
United States remain critical aspects of both the ability of individuals to remain housed
within the community and a critical health concern. Secure housing is not only vital for
meaningful community engagement but also serves as a significant social determinant of
health [32], where disabled persons are more likely to encounter poor housing conditions
with deficiencies in plumbing and kitchen facilities, compounding their cost burdens.
Cost burdens have carryover effects on disabled persons through increased social and
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geographic exclusion from both community and health care accessibility as well as poorer
housing quality [9,12,13].

Our analysis highlights and expands on previous international research on housing
burdens, housing precarity, and health outcomes [6,7]. In the United States, this manifests
itself most dramatically where housing burdens disproportionately affect individuals with
disabilities and further social exclusion and health risks for disabled individuals [9,12,13].
Thus, secure housing is not only vital for meaningful community engagement for disabled
individuals but also serves as a significant social determinant of health.

Given that housing is a key social determinant of health, its impact on current and
future health outcomes is key for the quality of life for those with disabilities. The existing
literature has long shown that social determinants of health deficits are associated with a
significant increase in disability [16-18]. However, those with disabilities are still less visible
than other social groups despite the major impact social determinants of health have on this
population [19-21]. Sociology, especially urban sociology, has largely understudied and
failed to consider people with disabilities as a significant underserved population. Existing
studies have associated housing and housing precarity with health outcomes but without
the context of disability and the importance of living in community for persons with
disability [35]. As the field evolves, future research should delve into the specific challenges
faced by subgroups within the disabled population, incorporating innovative housing
solutions and leveraging technology to enhance accessibility and inclusivity. Through
nuanced insights, this analysis paves the way for a more informed, empathetic, and
inclusive approach to housing for individuals with disabilities.

This compounding and multi-faceted crisis further demonstrates that housing con-
ditions and affordability need to be considered primary factors in the study and support
of disabled persons. Our analysis highlights the urgent need for inclusive housing poli-
cies that address the challenges faced by disabled persons to promote equitable access to
sustainable, quality housing as a fundamental component of public health for disability.
Future housing policy and planning must consider disabled populations, focusing on both
affordability and accessibility as mutually reinforcing contingencies, to ensure equitable
and sustainable living environments. Qualitative research is needed to further understand
the additional costs and unmet needs of disabled individuals in housing.

Future studies around housing policy must focus on housing and affordability as
social determinants of health [9] and intentionally acknowledge and include disabled
people in order to increase equitable access to fair and sustainable housing. Additionally,
qualitative and participatory research is necessary to understand the consequences extra
costs and to investigate any unmet needs amongst disabled individuals [36]. Rehabilitation
focus should be on reconnecting to community and building a permanent home that is
accessible. Rehabilitation requires a commitment to maintaining a home and connection
to community, which is a vital social determinant of health. Complimenting the other
work in the rehabilitation research sphere on housing by Corrigan et al., Kumar et al. and
Semanision et al. [21-23], we call to action housing policy makers and advocates to address
housing issues with a keen focus on disability.

Housing policy needs to include disabled adults as a key disadvantaged group as
disabled adults consistently experience nearly all housing issues at a higher rate when
compared to adults without disabilities. The effects of these housing issues compound and
are inter-related over time, as having both singular and compounding housing issues is an
overwhelming driver of housing cost burden as well as other housing issues [9].

Specific to housing cost burden, social policy work seeking to reduce housing cost
burden for disabled adults should prioritize programs and funding that address singular
housing issue (e.g., incomplete kitchens, incomplete plumbing, overcrowding) as well as
compounding housing issues. Our findings indicate that when disabled adults experience
one or more housing issues, they are much more likely to have housing cost burden both
concurrently as well as in the future.
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Appendix A

Models 14 report the association between the housing cost burden percent in 2022
as predicted by the percent of disabled households experiencing a singular housing issue
as well as housing type from the years 2019-2022. Disabled adults living in apartments
in 2019 (3 = 0.32, p < 0.001), 2020 (B = 0.23, p < 0.01), 2021 (B = 0.27, p < 0.001), and 2022
(B =0.22, p < 0.001) were more likely to experience a housing cost burden in 2022. Similarly,
disabled individuals exposed to incomplete plumbing in their home environments in 2021
(B =0.10, p < 0.10) also were more likely to experience an increase in their housing cost
burden in 2022. On the other hand, disabled individuals residing in overcrowded homes in
2019 (B = —1.57, p < 0.05), 2020 (f = —0.84, p < 0.001), 2021 ( = —1.88, p < 0.01), and 2022
(B = —1.47, p < 0.01) were significantly less likely to face a housing cost burden in 2022.
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