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Abstract

Background: Access to stable and affordable housing is an important social determinant of health in the United States.
However, research addressing housing and cancer care, diagnosis, and outcomes has not been synthesized. Methods: We
conducted a systematic review of studies examining associations of housing and cancer care and outcomes using PubMed,
Embase, Scopus, and CINAHL. Included studies were conducted in the United States and published in English between 1980
and 2021. Study characteristics and key findings were abstracted and qualitatively synthesized. Results: A total of 31 studies
were identified. Housing-related measures were reported at the individual level in 20 studies (65%) and area level in 11
studies (35%). Study populations and housing measures were heterogeneous. The most common housing measures were
area-level housing discrimination (8 studies, 26%), individual-level housing status (8 studies, 26%), and individual-level
housing concerns (7 studies, 23%). The most common cancer outcomes were screening (12 studies, 39%) and mortality (9
studies, 29%). Few studies assessed multiple dimensions of housing. Most studies found that exposure to housing insecurity
was statistically significantly associated with worse cancer care (11 studies) or outcomes (10 studies). Conclusions: Housing
insecurity is adversely associated with cancer care and outcomes, underscoring the importance of screening for housing
needs and supporting systemic changes to advance equitable access to care. Additional research is needed to develop and
test provider- and policy-level housing interventions that can effectively address the needs of individuals throughout the

cancer care continuum.

Stable and affordable housing is an important social determi-
nant of health in the United States and other countries (1-3).
Millions of people in the United States experience housing inse-
curity each year, including, but not limited to, homelessness (4).
In 2019, nearly 37 million households were housing cost bur-
dened, spending more than 30% of their income on housing (5).
In 2015, approximately 22.3 million households reported hous-
ing needs but only 4.7 million received federal subsidies in 2016,
reflecting a large gap in housing assistance (6). The COVID-19
pandemic has exacerbated housing insecurity, put an increas-
ing number of people at risk for eviction, and highlighted racial-
ized and ethnic inequities in housing insecurity (7).

Housing is thought to affect cancer care and outcomes
through a range of pathways (8). First, lack of housing stability,
including homelessness and frequent moves, may affect peo-
ple’s ability to establish medical care and receive consistent,
uninterrupted care. This may delay screening and diagnosis
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and may be especially important in the setting of cancer treat-
ment, which often requires extended, multimodality care.
Second, poor housing conditions may increase the risk of can-
cer, as exemplified by the connection between environmental
exposures such as radon and lung cancer (9). Due to the health
consequences of cancer diagnosis and treatment, individuals
diagnosed with cancer might be more sensitive to the health
hazards associated with substandard housing conditions,
including the presence of mold, excess dampness, unsafe water
(10), and poor indoor air quality (11). Third, unaffordable hous-
ing can limit financial resources available for other needs,
including healthy food, transportation, health insurance cover-
age, and medical care (10,12,13). Conversely, spending on cancer
treatment together with employment changes during and after
treatment for patients and their caregivers could strain avail-
able financial resources for housing (14). Fourth, housing is
based in its neighborhood context, which influences exposures
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and health behaviors, including ability to be physically active,
access to healthy dietary choices, smoking prevalence, and
alcohol consumption; these factors can, in turn, affect cancer
risk and outcomes (15-18). Across these, housing insecurity can
cause stress and anxiety and lead to disruptions in employ-
ment, social networks, and the receipt of social and health serv-
ices (12,19,20). Moreover, the impact of housing insecurity on
health involves both direct and indirect pathways (21) and is bi-
directional, where poor health also impacts one’s access to sta-
ble, affordable, and high-quality housing (22).

To date, no review, to our knowledge, has been conducted of
research evaluating the associations of housing insecurity and
cancer care, diagnosis, and outcomes. To fill this gap, we con-
ducted a systematic review of the published literature to syn-
thesize findings and inform future research, intervention
development, and policy.

Methods

Literature Search

We used the PubMed, Embase, Scopus, and CINAHL databases
to identify English language articles evaluating housing-related
measures and cancer care and outcomes published between
January 1, 1980, and December 31, 2021. In the PubMed data-
base, our search strategy combined Medical Subject Heading,
title, and abstract terms for neoplasms, and keywords such as
housing assistance, housing discrimination, housing insecurity,
housing instability, homeless, foreclosure, and eviction. We
replicated the search strategy in the Embase, Scopus, and
CINAHL databases. Supplementary Table 1 (available online)
describes the search terms and search queries used in the liter-
ature review for each database.

We included studies that quantitatively examined the asso-
ciation between housing-related measures and cancer care or
outcomes and were conducted in the United States. Editorials,
commentaries, and literature reviews were excluded. Articles
were required to separately report housing-related measures
from other socioeconomic measures (eg, articles were excluded
if housing was only included as part of a composite measure of
socioeconomic status). Articles were excluded if the study popu-
lations were recruited from heterogenous sources containing
housing programs (study eligibility criteria based on the expo-
sure of interest). The search identified 1291 unique articles, and
55 full articles were further evaluated following abstract review.
After the full-text review, 26 articles met the inclusion criteria.
Reference lists were also reviewed, and 5 additional articles
were identified for inclusion. A total of 31 articles were included
in the literature review. Supplementary Figure 1 (available
online) illustrates the process of identifying articles included in
this review.

Data Abstraction

Data were abstracted on study characteristics, study population
characteristics, housing-related measures, and cancer out-
comes. Study characteristics included year of publication, data
source, geographic setting, inclusion criteria, cancer site, expo-
sure ascertainment method, and study design. Study popula-
tion characteristics included sample size, age range or age
distribution, sex, race, and participant recruitment method (eg,
registry or self-report). Exposure measures were classified as
housing characteristics at the individual or area levels (eg,

individual’s housing status, census tract foreclosure risk, and
historically redlined areas). Outcome measures were recorded
as component(s) of the cancer control continuum (eg, screening,
incidence, stage at diagnosis, treatment, survivorship, survival
and/or mortality, and end-of-life care). Worse cancer care and
outcomes were defined as overdue screening, missed treatment
appointment, inappropriate treatment, and worse survival or
mortality. One author (Q.F.) abstracted data from the underlying
studies, and 2 authors (Q.F. and L.M.N.) reviewed these data,
resolved any differences, and made decisions about data
presentation.

Results

Study Characteristics

Of 31 included studies, 21 studies (67.7%) were published after
2015, 9 studies (29.0%) were published after 2019, 6 studies
(19.4%) were conducted using national data, 12 studies (38.7%)
used data from multiple states, and the remainder were single
state, city, or institution (Table 1). Nineteen studies (61.3%) were
cross-sectional, and 30 studies (96.8%) were conducted in sam-
ples of more than 100 patients. A total 21 studies (67.7%)
included both males and females, 10 studies (32.3%) focused
only on females, and 2 studies (6.5%) included transgender peo-
ple. All studies included Black individuals, and most included
White individuals (24 studies, 77.4%) and individuals of other
races (20 studies, 64.5%). The most commonly evaluated cancer
sites were breast (13 studies, 41.9%), colorectal (10 studies,
32.3%), cervical (6 studies, 19.4%), and lung cancer (4 studies,
12.9%), with 9 studies (29.0%) including all cancer sites.

Housing measures were heterogeneous at the individual or
geographic area level. Individual-level housing measures
included housing status, defined as exposure to homelessness;
housing concerns, defined as self-reported concerns about
housing affordability, overcrowding, risk of homelessness; self-
reported experiences of housing discrimination, defined as
unfair treatment because of race; and receipt of housing assis-
tance, defined as participation in housing assistance programs,
including federal public housing and housing support programs
for veterans. Geographic area-level measures were defined at
the county, census tract, and neighborhood level and included
the census tract foreclosure rate, defined as percentage of fore-
closure during the study period, county housing instability,
defined as lower rates of community-members staying within
the same house in the past year, higher rates of moving within
the county, and moving to the United States from outside the
country in the past year; and housing discrimination, defined as
current residence in historically redlined areas, neighborhood
mortgage denial rate, and/or racial bias in mortgage lending.
Historically redlined neighborhoods representing discrimina-
tion in mortgage lending were identified using recently digital-
ized data from the Home Owners’ Loan Corporation (HOLC),
established by the federal government in 1933. Neighborhoods
appraised by the HOLC were shaded in 1 of 4 colors denoting
risk of lending: green (best or least financial risk), blue (still
desirable), yellow (declining), and red (hazardous or most finan-
cial risk) (23). Neighborhood mortgage denial rate, also called
“contemporary redlining index,” was estimated as the rate of
mortgage denial in a neighborhood compared with other areas
included in the study using data from the Home Mortgage
Disclosure Act (HMDA). Racial bias in mortgage lending was also
based on the HMDA data and was estimated as the odds ratio
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Table 1. Study characteristics (N =31)

No. of

Study characteristics studies (%)
Publication year

2005-2009 3(9.7)

2010-2014 7 (22.6)

2015-2019 12 (38.7)

After 2019 9(29.0)
Geographic setting

National 6(19.4]

Multiple cities or states 12 (38.7

Single city or single institute 10 (32.3

Single state 3(9.7)

Data source

Cancer Registry 9(29.0)
BRFSS 2(6.5)
The Boston REACH Coalition 2(6.5)
Black Women Health Study 2(6.5)
Other 16 (51.6)
Study design
Cross-sectional 19 (61.3)
Cohort 12 (38.7)
Patient characteristics
No. of patients
<100 1(3.2)
100-999 8 (25.8)
1000-9999 13 (41.9)
10000+ 9(29.0)
Age group?, y
<18 4(12.9)
18-39 19 (61.3)
40-64 25 (80.6)
65+ 26 (83.9)
Mean age <50 2(6.5)
Mean age >50 3(9.7)
Sex®
Male only 0(0.0)
Female only 10 (32.3)
Male and female 21(67.7)
Transgender 2(6.5)
Race®
White 24 (77.4)
Black 31 (100.0)
Other 20 (64.5)
Cancer site®
Breast 13 (41.9)
Cervical 6(19.4)
Colorectal 10 (32.3)
Lung 4(12.9)
Prostate 2(6.5)
Acute myeloid leukemia 1(3.2)
All cancer sites 9(29.0)
Component of cancer continuum?
Screening 12 (38.7)
Incidence or diagnosis 8(25.8)
Treatment 2(6.5)
Survival or mortality 9(29.0)
Survivorship 3(9.7)
End-of-life care 0(0.0)
Cancer care or outcomes identification®
Medical record review 10 (32.3)
Self-reported 7 (22.6)
Registry 9(29.0)
National Death Index 2(6.5)
(continued)
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Table 1. (continued)

No. of
Study characteristics studies (%)
Other 6(19.4)
Housing concerns or status identification
Self-reported 9(29.0)
Medical record review 6(19.4)
HUD 3(9.7)
Housing programs 2(6.5)
HOLC and HMDA 8(25.8)
Other 3(9.7)
Housing-related measures
Individual level 20 (64.5)
County level 1(3.2)
Tract level 7 (22.6)
Neighborhood-level 3(9.7)
Individual-level housing measures
Housing status: homelessness 8(25.8)
Housing concerns: unmet housing needs and concerns 7 (22.6)
Self-reported housing discrimination 2 (6.5)
Receipt of housing assistance 3(9.7)

Area-level housing measures
Housing insecurity: foreclosure and instability 3(9.7)
Housing discrimination: historical redlining and mort-  8(25.8)
gage discrimination

Comparison group
Calculated discrimination index (HOLC and HMDA) or 11 (35.5)
foreclosure risk

Domiciled or stable housing status 9(29.0)
No housing related needs or concerns 5(16.1)
Did not participate in housing assistance programs 3(9.7)
No cancer 1(3.2)
Other racial or SES groups 1(3.2)
No comparison group 1(3.2)

#Categories are not mutually exclusive, and studies were included in multiple
categories. BRFSS = Behavioral Risk Factor Surveillance System; HMDA = Home
Mortgage Disclosure Act; HOLC = Home Owners’ Loan Corporation; HUD =
Department of Housing and Urban Development; REACH = Racial and Ethnic
Approaches to Community Health; SES = socioeconomic status.

for denial of a mortgage application from a Black applicant com-
pared with denial of a White applicant.

Data sources used to ascertain exposure measures varied
widely. Sources of individual-level housing measures included
self-reports, medical records, and Department of Housing and
Urban Development (HUD) administrative data, and sources of
area-level housing measures included data from HOLC and
HMDA.

Most studies included a comparison group, with great heter-
ogeneity in how comparison groups were defined. Some studies
used calculated continuous or categorical housing discrimina-
tion indices and foreclosure risks, whereas other studies used
binary measures, such as domiciled or stable housing status vs
homeless, with vs without housing needs or concerns, no
receipt of housing assistance, compared individuals with and
without cancer or compared individuals in different racial and
socioeconomic groups.

There was also heterogeneity in outcome measures through-
out the cancer care continuum. Studies evaluated associations
between housing and screening, incidence or diagnosis, treat-
ment, survival or mortality, and survivorship care. However,
none evaluated the association between housing and cancer
prevention interventions or end-of-life care among individuals
diagnosed with cancer. Data sources used to identify cancer
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outcomes included medical records, self-reports, cancer regis-
tries, National Death Index, and other sources.

Heterogeneity of study populations, housing measures, can-
cer sites, and cancer outcomes precluded quantitative synthesis
of study results (Supplementary Figure 2, available online).
However, we identified 3 main categories of housing meas-
ures—housing insecurity, housing discrimination, and housing
assistance—for further synthesis of study findings.

Housing Insecurity and Cancer Care and Outcomes

Housing insecurity encompasses a continuum of housing-related
issues people may experience, such as individuals’ concerns
about high housing cost, lack of access to stable housing, frequent
moves, and homelessness. Studies that evaluated housing inse-
curity and cancer care and outcomes were conducted at both
individual and area levels (Tables 2-4). Supplementary Figure 3
(available online) summarizes the relative measures of effect for
the most common outcomes from the included articles.

Individual-Level Housing Insecurity: Housing Needs, Concerns, and
Instability

Individual-level measures of housing insecurity included self-
reported unmet housing needs (24,25), housing concerns (26-
28), and prevalence of housing insecurity (29,30). Findings were
mixed for different study populations, housing insecurity meas-
ures, and cancer outcomes.

Two studies evaluated the association between self-reported
housing needs and cancer outcomes (Table 2). One study
focused on primary care patients in Boston and defined housing
needs as their responding “yes” to the question “I would like
help finding housing assistance or emergency shelter,” and
found it was not statistically significantly associated with
receipt of colorectal, breast, and cervical cancer screening
before the interview (24). Another study, evaluating access to
cancer care among Black and Latinx patients in New York City,
defined housing needs as responding “yes” to the question “Do
you feel you need assistance with housing?” (25) and found that
those reporting housing needs were statistically significantly
more likely to miss a cancer-related medical appointment with-
out control for any covariates.

Three studies investigated the association between housing
concerns and cancer outcomes (Table 2). Two studies found
self-reported housing concerns (measured as rent unaffordabil-
ity, overcrowding, or homelessness) were statistically signifi-
cantly associated with worse access to breast cancer screening
but not cervical cancer screening before the interview
(Supplementary Figure 3A, available online) (26,27). In a cohort
of African American cancer survivors residing in Detroit,
Michigan, 11.4% reported housing instability, measured as con-
cern for not having housing in the next 2 months, which was
associated with worse health-related quality of life (28).

One study used the Behavioral Risk Factor Surveillance
System data in 11 states to estimate the prevalence of housing
insecurity, defined as responding “yes” to the question “Are you
worried about having enough money to pay your rent or mort-
gage?” among adults with and without a history of chronic dis-
eases, including cancer, stroke, cardiovascular disease, and
chronic lung disease (29), and found adults with a history of
cancer had the lowest prevalence of reported housing insecurity
compared with other chronic diseases and no association with
higher likelihood of housing insecurity (Table 2). Another study

used Behavioral Risk Factor Surveillance System data in 16
states to estimate the prevalence of housing insecurity among
cancer survivors (Table 2) (30). Housing instability was defined
as an intensity measure from the combined responses to the
questions “During the last 12months, was there a time when
you were not able to pay your mortgage, rent, or utility bills?”
and the question “In the last 12 months, how many times have
you moved from one home to another?” The study reported
that 16.6% of cancer survivors reported some level of housing
insecurity, with greater severity among individuals who were
Black and had lower household income or lower educational
attainment.

Individual-Level Housing Insecurity: Housing Status

Eight studies evaluated measures of individual-level housing
status evaluating experiences of being unhoused or marginally
housed; findings on the association with cancer care and out-
comes were mixed (31-38).

Two studies using medical record data from shelter-based
clinics in New York City found that exposure to homelessness
(defined when the medical record indicated the patient lived in
a shelter or on the street) was associated with being overdue for
colorectal cancer screening compared with domiciled individu-
als visiting the same clinic (Table 3) (31). The association
between housing status and breast cancer screening was not
statistically significant (32), possibly due to limited power with
small sample size (<100 individuals).

Two studies examined the association between housing sta-
tus and cancer screening among veterans. McGuire et al. (33)
found that among veterans with chronic medical conditions in
active medical treatment, those who experienced homelessness
(identified through linkage with the VA’s Healthcare for
Homeless Veterans Program) were more likely to be overdue for
prostate, breast, and colorectal cancer screening. These associa-
tions were not statistically significant after adjusting for
patient’s age, sex, and race. Similarly, May et al. (34) reported a
statistically significant association between frequency of expo-
sure to homelessness and being overdue for colorectal cancer
screening (Supplementary Figure 3B, available online).

A study in metropolitan Detroit evaluated the association
between homelessness and cancer burden (Table 3).
Homelessness was defined in a supplemental address variable
in the cancer registry record indicating “homeless,” “shelter,” or
“lives in car” or the address of diagnosis was listed as a hospital
or a homeless shelter. Cancer burden was defined as propor-
tional incidence ratios and survival. The study found homeless-
ness was associated with higher proportions of preventable
cancers (ie, respiratory system cancer diagnosis among men
and female genital system cancer diagnosis among women)
compared with the general population in metropolitan Detroit
(35). Moreover, after propensity score matching patients on rele-
vant characteristics, homelessness was associated with poorer
overall and cancer-specific survival.

One study assessed the association between housing sta-
tuses, defined as marginally housed or experiencing homeless-
ness, and psychological distress among individuals diagnosed
with cancer evaluated during the first medical oncology clinic
visit at a San Francisco public hospital (Table 3). The study
found that individuals reporting problems with housing were
twice as likely and individuals experiencing homelessness were
5 times as likely to report clinically relevant distress scores than
individuals with stable housing (36).


https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djac173#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djac173#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djac173#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djac173#supplementary-data

1605

Q.Fanetal.

(panuniuod)

MITATH

'S9)BWINS paisn(peun Jodax
10U PIp SIOYINY "SUISDU0D 3uIsnoy 110dal jou pIp oym
uswom Uey3 (££°0 03 TZ'0=1ID %56 ‘0%'0="dO®r) a3exdn
Aydeidowurews pue (60 03 ££°0 =1D %56 ‘SS'0="YO®)
auraseq je asn Ayderdowew sAeY 03 A1
SS9] 919M SUISDUOD SUISNOY paliodal Oym USWOM
“JUSWI[OIUD
JO 931S pUE ‘Y3[B3Y JO SJUBUIULISIDP [BID0S ‘(Uoreonpa
JO [2A3] pue ‘sniels JuswiAojdura ‘OUIodUT P[OYaSnNoYy
‘fimuapr oruy3s pue [emel ‘93endue] Arewd ‘Ypiiq
J0 Anpunod ‘93e) 7S ‘(19p1aoid 1endaz e Suiaey ‘93e
-I9A0D 9DUEINSUT) SIBD 0] SSIDOE JUIISkq 10J Sunsn(pe
(10" > g) suradu0d 3ursnoy INOYIIM %6/ YIIm pared
-WO0D ‘JUSWI[OIUS ApN3s Jo A Z unyiim sweidowweut
paure1qo %%9 ‘StIaduod SuIsnoy Yium uswom Suowy
"(stsouderp aouls swin pue ‘snjels
SDUBINSUI ‘OWO0dUT A[JIUOW ‘[9AS] [EUOIIEINDS ‘SNIEIS
[eruewW ‘I9puad ‘a3e SUIpnUI ‘9%'9 01 $9'T =1D %S6
‘Sz’ =4OE) [opour paisn(pe pue (595 01 £6'T =1D %S6
‘1€°€ =40) paisn(peun yjoq ur SUISNOY Y3m 3DUE)
-sisse Surpaau 110da1 J0u pip oym sjusried Jde[g Ym
paredwod syusunjurodde JUSUIIESI] I9DUED PISSTW
110d31 03 A[93{1] S10W S19Mm SUISNOY YITM SDUBISISSE
Burpaau paptodar oym syusnyed 190ued derd (ST'v
01 €5°0=1D %S6 ‘67T = JO) JuedyIudis A[[ednsnels jou
SEeM UOIIBIDOSSE SIU} ‘SISOUSEIp 90UIS dWIl} PUE ‘Snjels
SDUBINSUI ‘DWODUT A[JIUOW ‘[2AS] [EUOTIEINDS ‘SNiels
Teaurew ‘1apuad ‘a3e 105 Sunsn(pe 191y [opow paisn(
-peun sy ut (92'9 01 £5'T =1D %56 ‘0T°€ = YO) Sursnoy
Y3im ddue)sisse urpasu 310dai J0u pIp oym sjusned
xune] yam paredwod sjuswjutodde juswlean
I90Uued Sulsstul 110da1 03 A[93I] 210U 219m SUISNOY
yim sduelsisse urpasu paltodal oym syusnied xune
's91ewnsa paisn(
-peun 31odai JouU pIp SIOYINY (252 03 TH#0=1D %S6
‘T0'T =YO® '8/'S 01 06'0 =1D %S6 ‘8T°C = YO ‘¥£'Z 0
15°0=1ID %56 ‘60'T = YOB) 210S UOS[1eYD pue ‘°3ens
-ue Arewinid ‘yuswiuIel}E [BUOIIEINPS ‘SdUeINSUI ‘A3t
-DIUY3D 10 dkl ‘19puasd ‘93e 10 Sunsn(pe 191je ‘spasu
3ursnoy 110da1 10U pIp OYM ISOY] Sk SFUIUIDIDS
190UED [EDIAISD PUE ‘}S€I1q ‘[E1D310[0D 10] SNPISAO 3q
01 A[aX1] Sk a19m spasau Sursnoy pajiodal oym sjusiied

(£00z-z00Z Woy pouad
Apnis Suump asn Ayderdouwr
-WEeW JO DUILINDIO T ISEI]
1e ‘Apnis a10j9q A Z uryam
weidowwew Jo 110dax
-J[9S) SUIUS31DS I9DURD Isealg

jusunyurodde
jusWIeaI} 19dUERD SUISSIN

(A$9-T¢ paSe uswiom)
3UTUS10S 190URD [BDIALDD
pue ‘(£/-z¥ pade uswom)
3urusaids 190ued Iseaiq (£
G/-7S pade USWOM pUE USWI)
3uruaaIds 190UED [B12310[0D

$S9USS3[3WOY pue ‘Uotn}

-DIAD ‘SBUIPMOIDIDAO QUSI J[q.

-PIOJje UO SUIdU0D Surpnidul
‘SUI90U0D [e120S paliodai-Jas

(syusnyed 3oelg /16 JO
1IN0 Q6 PUE XUKERT [8S JO IN0
08) 3ursnoy Surpndut sdue)

-SISSe 10J Spaau paiodai-J[as

(poau Aue

unuodaz sjusnyed 9T Jo 1IN0

£8) 193[9ys £>uadiawa pue

Sursnoy s[qepIojje Yiim adue)
-SISSe 10J paau pajtodai-jas

£6/-0G pade uswom /€% ‘£00T
—200¢ ‘uonieo) HOVIY uoisog

VIA ‘uoisog (92) 6002 T& 33 18D

£05< 93e ueaws yam

s1npe 3oe[d PUE XUDET 8601

‘€10z 2un(-110z Yo1eW ‘=loid

[e1104 19dUuEe) Y3 Yy3noiyl
31D JI0X MBN UI SITUID 19dUBD

AN ‘AYD 10X MAN  (SZ) 9TOT 'T& 39 ZIUNN-S8ISOD

Ks/-17 pade synpe

991€ ‘¥10¢ ‘0¢ [MdV-€10¢

‘7 3190 ‘saonoeld ared Areurud
paseq-[eidsoy druiapede om],

VIN ‘uoisog (¥2) 9107 'Te 39 ZaImoxIag

s3urpury £o3]

S9UWI0DINO I20Ue)

salnsesawl ﬁwumﬁthMEwwSOE

oz1s ajdures
pue ‘1eaf ‘9d1nos eyep ‘Suniss

90UaI3]3y

,SOWIODINO 190Ued pue A}[IqeIsul pue ‘SuIadu0d ‘spasu Sursnoy :A1undasur SuIsnoy [9A3[-[ENPIAIPU] *Z S[qe.L



| JNCIJ Natl Cancer Inst, 2022, Vol. 114, No. 12

1606

‘Te1uD—AdRISY L, 190UED JO JUSWISSISSY [BUOTOUN]
= H-10Vd {SNJe)s dDIWOUO0II00s = SIS ‘YI[esH LArunwuron 03 saydeoiddy dtuylg pue [eney = HOVIY ‘ONeI Sppo = YO ‘[eAISIUL DUIPYUOD = [ ‘ASAINS SDUEB[[IDAING 1010e] ST [BIOIARYSY = SSIYd ‘Onel Sppo paisnipe = YOe,

(€£10110T=1ID

%S6 ‘TET =YO® ‘€%'F 01 S0'T=1D %56 ‘TO'E =4O®E

{0S°C 01 TT'T=1D %S6 ‘¥9'T =YOR) 3312100 Y3[B3Y pUR
quawiforduwis ‘sniels [eiLew ‘xas ‘o3e 10y Sunsnipe
I9)Je ‘(91enpeid 9397[0D) JUSWUTEIIE [BUOTIEINPS
1s9YS1Y UY3m S[ENPIAIPUL pue (000 05$<) Swodut pjoy
-39S0 1S9YSTY Y114 S[ENPIATPUL ‘STENPIAIPUT SIYM
uet} L£1umndasut Suisnoy 110da1 03 A[9XI] 9I0W 2I9m
(ssa1 10 [00UDS YSIY) JUSWIUIEIIE [BUOTIEDNPS MO] YIIM
S[ENPIAIPUI PUE (000 §T$>) SUODUI P[OYasNoY MO[
UIIM STENPIAIPUL ‘S[ENPIAIPUL JDB[g ‘SIOAIAINS I9DUBD
asay} Suowry “fyundasur SUISNOY JO [SAS] PISEIIDUL

0] 9]eISPOW pey SIOAIAINS I9DURD JO %9°9T INOqQVy

(96701 18'0=1D %56 ‘TT'T =4O¥)

aur] A112a0d [e19paj Jo 93ejusad1ad e sk auodul
ployasnoy pue ‘snjels sdueInsul pue juswhordwa
‘snjels [elLIRW ‘USWIUIRIIR [RUONIBINDS ‘X3S Sﬁ
-DIUY3S 10 2okl ‘93e 10 3unsn(pe ‘19duUed YIm pasou
-3erp jou sfenprarput se fyundasur 3ursnoy 11odal

01 A[93{1] SE 219M ISDUED UM PISOUSEIP S[ENPIAIPU]

‘Kyranod
10EI1-SNSUSD pue ‘snjels [elLIew ‘snie)ls Juswhordurs
‘uodUl p[oyasnoy ‘uonesnps ‘xas ‘93e 103 3unsnipe
‘fAyiqeisut ursnoy 3odai 3ou pip oym syusnied yimm

paredwod (8- 03 %1~ = 1D %S6) €' 11— JO (sautod
Ul) S2100S H- 1DV J UT SSDUISIP 93 Aq painseswr
9J11 Jo A311enb paje[a1-UI[EsY I19MO] 9ARY 01 ATaNT]

210w a1am Aiqelsur 3uisnoy paliodar oym syusned

‘sajewnsa pajsn(peun yods1

10U pIp S1I0YINY (0T 03 0%'0 =ID %S6 ‘¥9°0 ="O¥)
21edp(IYD 10] 110ddns [e1D0S YUSUWIUTE}IE [EUOTIEDNPD
‘yareay pajel-jas ‘1apraoid yimm Sunedrunua

-WO0D SUIPdUOD ‘19praoid [edtulpd 1e[ndal ‘snyejs adue
-sut 1oj unsn(pe ‘suiaduod 3uisnoy 1odaijou pip
oym uswom uey} reaws ded 3usda1 e aArY 03 A[91]

SS9 919M SUIDUOD SUISNOY Pa3iodal OUm USUWION

(pa11odai-jos) mata

-I9}Ul 210J3q SISOUSeIp I9d0UED

(pa11odai-jas) mata

-I9]UI 210J3q SISOUSeIp 19dUED

9J11 Jo £31[END pajelRI-yIRsH

(Apnas a1039q
Az> 1eaws deq e jo 110dax

-J[9S) BUTUSIDS I9DUEBD [BIIAIDD

syjuow g1 3sed urymm

aA0W jo sawn} pue s[iq £Lmn

10 a3e3y10u1 10 Jual Led 01
Aqeut Sutsnoy paliodai-Jas

owzl
1sed unam L1piqepioyye
a3e3110w 10 JUaI INOQe
su1aou0d 3utsnoy pajiodai-Jas

owg
1xau ur duisnoy 3uraey jou
INOQE SUIddUOD patodal-Jas

SSoUSSIWOY
pue ‘uonoIAd ‘SurpmoId
-I9A0 ‘QUal S[qeplojje Jnoqe

suIadu0d 3ursnoy payiodai-Jas

Lg1<
pade synpe 9¢60T ‘/T0T ‘SSI¥d
sayels a[dnn

£g1<
paSe sinpe €5e%8 ‘ST0T ‘SSIMd
sayels apdnnn

190ueDd 3eysoid 1o ‘Bung
‘1091000 ‘1SBaIq SAISRAUL
‘Arewrnid yyim pasouderp £81<
pade synpe uedLIDWY UBILYY
$S£1 ‘020C-€10C ‘SIOAIAINS
130URD UO U2I1e3say 310118
IN ‘Von_g

K5/-81 pade uswiom zg/ /00T
—Z00g ‘uonI[eod HOVIY uoisog
VIN ‘uoisog

(0€) 1207 T2 12 UNYSNoD

(62) 810T ‘T® 38 IYPYIRYD

(8¢) TZ0T "Te 19 1eIsEH

(£2) 1102 T8 33 J1B[D

s3urpury £o3]

S9UWI0OINO 190Uue)

Seinseawt ﬁwumﬁw‘TMCMmSOE

az1s ajdures
pue ‘reaf ‘adinos eyep ‘3unias

90UaI3]3y

REVIEW

(penunuod) "z alqeL



1607

Q.Fanetal.

(penunuod)

MITATH

10 9de1 ‘I19puagd 10} 3unsn(pe ‘S[enpIaIpul pa[IdIWIOP
Y paredwod (££°0 03 20 =1D %S6 ‘€'0="4OE)
[opow paisn(pe pue (¢9°0 03 22'0=1ID %S6 ‘LE'0 =4YO)
paisnlpeun y3joq ur 3UTUSSIIS I9DUERD [BIDDI0
-10D 10j 9NPISA0 3q 01 A[SI] SIOW SIIM SSIUSSI[AWIOY
Sumustradxa s[enpiarput ‘syusned ueislaa Suowy
*91eD U3[eaY e}
-usaw uo juads spunj [e3rdsoy jo adejusdiad pue ‘9zIs
rendsoy ‘yoreasar pue 3urydes) uo juads spuny read
-soy jo 93ejuadiad :SO1ISLISIDBIRYD [9AS[-AII[IDE] € pue
‘SSQUJT [EIURW ‘KII[IDB] YHA 1S9189U UI01] 9DUEISIP
‘UOTID9UUOD MIAISS VHA ‘9del ‘xas ‘93e 103 3unsnipe
(££°0 01 €7°0— =1D %S6 ‘€0°0— = ©13q 1adUED delsord
‘09'Z 01 86'0— =1D %S6 ‘18'0— = €19q :190UED [EeDIATD
‘220 03292 =1D %S6 ‘07 T— = B13q :190Ued 1sea1q
/%0 018°0— =1D %56 ‘/T°0— = 19Q :19DUED [B1D310]0D)
syuaned
PaIdIWOP UBY) SUTUIIIDS JO UOISSNISIP 10 SUTUIDIDS
I9DUEBD JATIDI 0] A[9{I] SSO[ OU 1M SSIUSSI[AWOY
Sumuauradxa sjusned ‘SUOTIIPUOD Y3[eaY dIUOIYD
103 JUSWIIESI] [EDIPAWL SATIDE UI SUBISISA SUOWTY
‘s91ewInsa pajsn(peun 11odsi jou pIp sioyiny
"(95'£ 01 08'0=1D %56 ‘TH'C =Y0) syusned ssa[pwoy
se 3UTUSaIDS 19DUED [B1DI0[0D YIIM 31ep-03-dn aq
03 A[93[1] Sk a1om sjusried paIWOP ‘9DUBINSUL YI[eay
pue ‘Burpesunod 1apraoid ‘9dex ‘o3e 103 unsnipe
1YV (8 = d ‘%0'6S SA %1'LS) S[ENPIAIPUL PI[DIUIOP
se 3UuTuIaIDS I9DUED }Sealq YIIm dep-03-dn 3q 01
A79¥{1] SE 219Mm SSaUSSI[OUWIOY SUIDUSLIAAXS S[ENPIAIPU]
'S91BWIISD
paisn(peun 110da1 10U pIp sI0yINy (00°€ 03 SO'T=1D
%G6 /£ T="dO®) syusaned ssaowoy uey) 3UIUIIDS
I9DUED [B3D2I0T0D Y3m 31ep-01-dn aq 03 A[a31] a10U1
sjuanied pa[IIWOP ‘9SeISIP DTUOIYD JO A103SIY pue
‘Burpesunod 19p1aoid ‘9snqe sdueIsSqNs ‘YIfesy [eIuswW
Jo A103S1Y ‘@dueInSul ‘I1opuad ‘93e 10j 3unsnipe 1Yy
(100" > d) S[ENPIAIPUI PIIDTWIOP UBY) SUIUIDS YIIM
91ep-01-dn aq 03 A[93{I] SSI] 2I9M SSIUSSI[AWOY SUDUD
-uadxa srenpiarput ‘(syusnied gig) SUIESUNOD PIAISII
oym 3soy} 3uowe pue ‘SUTUSSIIS INOe SUI[DSUNOD
1ap1aoid Jo 1d19091 Yim PIIBIDOSSE 10U SNIES SUISNOH
(100" > d ‘%€ T SA %/ '6T) S[ENPIAIPUL PI[DIUIOP
uey} SUTUSSIDS I9DURD [BIDI0[0D Y3m d3ep-03-dn
9q 03 AJ9X1] SSI] SSAUSSI[AWOY SUIDUSLIIAXS S[eNPIAIPU]

(6007 193jB SUEBDLISWY UBDLYY
10] £ sp< 93k pue 600 210J9q
SUBDLISWY UBDLJY-UOU

pue SUEdLISWY UedLyY 10] £
05< 93e) arnpadoid Suruaaids

I90oueD [810310[0D AUE jo ayeidn

Buruaaids (A os< pade
uawi 10j 3unsa) YSd JO S1yL
-usq pue I0j sysu jo £ 1> uors
-SnOSTp) 190ued djeysoid pue
‘(K59 pade > uswom 3uowre
£ ¢> 1eaws deq) 190ued [ed
10190 (£ 6905 pade saTewa)
Suowre £ z> Aydeidouwrurew)
190Ued Iseaiq (£ s pade
< suosiad Suowe ‘A g> Adoos
-ouo10d 10 Adodsoprowdis

10 A1> 1.904) 19oUeDd [e10310]0D

(ys1a JuSdaI
1souwr Jo Ag> YN 1Se31q ‘NISIA
JU2d31 3sow Jo A z> weidow
-wewr) 3UTUSSIDS I9DURD }sealg

(31S1A USRI JSOW

a3 jo 01> Adodsouorod

10 ‘Ag> 1904 snid £ 5> Adods

-oprowds s[quxafj ‘A 1> 1404d)
3Uuru9aIDS 190UED [B1D3I0[0D

sSnjels ssapwoy
Paiustindop SpI0dal [EJIPaN

(urez8oigd AHDH
S,VA U3m padiaw g¥dd £q
pama1adI 11eyd) sniels Sursnoy

(392138 213 UO 10 193[aYs ur Sut
-Al[ SB PULSP SSIUSSS[WOY])
snyels 3ursnoy partodai-j[s

(392138 213 UO 10 193[aYs ur Sur
-Al[ SB PULSP SSIUSSS[UWOY])
snyels 3ursnoy paytodai-j[2s

6/1 pue A Sp< pade suedLIdWY

uedLyY 8/T ‘21079661

‘wI91sAS 21edU3[edH SITB)IV
SUBIa}9/\ SI[E3UY SOT 1918a1D
VD WIBYINOS Ul sand a[dinn

6661

-866T ‘d4dd UOTILIISIUTWIPY

UI[eSH SUBIaSA

[eUOLIEN 3U3 10} PSIOS[aS

SI9M SHIBYD [BIIPIUL 3S0YM

SUOTIPUOD Y3[BIY JIUOLYD

10§ JUSUIIBAI} [BIIPSW SATIOR
ur £05< pade sueIal1dA ZE6 16

£%/-05 pade uswom

00T ‘ZT0Z-0T0C ‘S191ua)
y3esH Aiwes uesying
AN ‘£11D 10 MaN

K58-05 pade

SINPE € ‘TT0C-0T0T ‘SI9UD
YI[eaH AJTure ueisying
AN “£11D 10 maN

(¥€) ¥10T 'TB 39 LB

(€€) S00T Te 39 2IMHIN

(z€) av1oz Te 1 K1e8sy

(1€) ®H10Z Te 3 K185y

s3urpury £o3]

S9WI0201INOo 19d0ue)

Sainseawl ﬁmﬁmﬁwuumcwmﬂaom

oz1s sjdwies
pue ‘1eaf ‘ad1nos eiep ‘3uniss

ERIVEICIEN]

£S9WI0DINO I9DUED pue snjels Suisnoy :A3undasur SuISnoy [9A3[-[ENPIAIPU] °E S[qEL



| JNCIJ Natl Cancer Inst, 2022, Vol. 114, No. 12

1608

‘U0 BISTUTWPY

UI[BSH SUBISIDA = VHA ‘SIBJJY SUBISDA = YA ‘soner aduspourl feuontodoid = yId ‘Oner sppo = YO ‘Xapul Yies( [BUOnEN = [N ‘SIUIA ADUSDYSpOUNWWI UBWNY = AJH ‘SUBISI9/ SSI[OWOH 10§ dIedUI[eSH = AHDH ‘1S9
PoOIq I[ND20 (23] = 1g0J ‘Weid0id MIIASY 199d [EUISIXT = J¥d] {[BAISIUI 9dUSPYU0D = [D ‘AdeIdy) [elIA0RINUE = LYV ‘Onel adusfesaid paisn(pe = yde ‘0nel sppo paisn(pe = YOr ‘duwoIpuAs Aousmyspounwiual paimboe = sAIv,

*(Uaeap JO SWIN Je 9DUIPISAI 0dSOULI]

ues pue ‘ 19V jo uonduosaid ‘yieap jo 1eak ‘sisou
-3eIp 1€ SNJe)s SWOoDUL ‘YSLI UOISSTWSURI} ATH ‘SISOU
-3eIp SAIV PUB AIH 1USLINDUO0D ‘93 ‘9.l ‘1apusd 10]
Zunsn(pe ‘snyeys 3ursnoy a[qels Ym syusned yIm
pa1edwod ‘50" > d ‘68°0 03 ¥¥'0 =D %S6 ‘€9°0 =Ud®)
[9pow pa1sn(pe pue (S0° > d ‘650 01 TE'0=1D

%S6 ‘€%'0 =YO) [PPoW parsnipeun y3oq Ul y1eap

JO 9sned se palsI| SIDUEBD SOIV-UOU ALY 0 A[91]

SSI[ %/E dI2M SSIUSSI[OWIOY JO ATOISTY B YIIM SIUSTIed

'snyels ursnoy

9[qe1S YIIM S[ENPIAIPUI SB SUTUIIIDS I9dUeD (9" =4
‘%9 SA %6°09) [BIALIRD PUE (T =d ‘%b'6C SA %9'LY)
1Sealq 9AIS091 0] %EM: Sk oIaMm Snjels mﬁwmzoﬂ 9[q

-BISUN YIIM S[ENPIATPUT ‘ATH Y3IM SUIAT] uswom Suowry

‘(teo1sAyd pue ‘[euonjows ‘[e1d0s

‘Teonoerd) urewop yoes ut pajrodar swaqoid Jo 19q
-wInu [e30} pue sdnsusioereyd yusned 105 Sunsn(lpe
19)Je syusned pardIwop pue swajqoid uisnoy
noyIm sjyusanied Uey) S2I00S SSIISTP PISEIIDUT dARY
01 A1ax{1] 210U 219 (TS°EE 01 €T'T = ID %S6 ‘967 =4O)
SS9USSI[AWOY PUE (£6°'G 03 $0°T = ID %56 ‘6€°C =YO)

Zursnoy y3m swajqoid SudusLadxa syusaned

"A[2A130adsaI ‘UsTIOM PIIDTUWIOP PUR ‘USWIOM

puUE uswW pa[IWwop yim paredwod (5 03 TET=1D
%G6 ‘€8'T = YId) 190UED UI9ISAS [e}TUS3 S[eUId)

pue (6/°7 01 8Z'T =D %S6 ‘TS'T = ¥Id) 190Ued W1shs
£1orendsa1 ym pasouderp aq 03 A9NI] SI0W dI9Mm

USUWIOM PUR USW SSI[awoY ‘93 10} 3unsn(pe 101y

‘asnqe 3nip Jo A1031s1Y ‘9snqe [0Yod[e Jo AI03ISIY ‘SHISIA
uenIsAyd ared Arewnid Jo I9qUINU ‘SITHPIGIOWOD [€D
-13o1oydAsd pue resrdoorsAyd 103 L3111qI31[o UruaAIDS
Jo a3 pue Quawkoidwa ‘snje)s [eILewW ‘9dUsdLIadXd
1eqUIOD JO AI0ISTY ‘YA SY3 0} SSIUPIIIIUUO0D DIAISS
JO [9A3] ‘OUWI0DUT UBRTPIW [9A3[-2p0d diz ‘A3dIuyla

IAN Y3t
a8exur] ySnoiyl paureiqo
91BDYTNIISD YIBSP UI Y3eaP JO
9SNED SE PaIsI[ 19dULd SA[V-UON

600¢ Ut ustuom o[q

-1319 93€ 10] SUTUSSIDS IDUBD

pue ‘1seaiq ‘es1aIad jo 1dedal
PRIUSWINDOP SP103I [EIIPIN

sjuanied 190ued SUOWE SSAI}
-s1p [e1osoyd4sd partodai-jas
S9}IS pauysp-[[I pPUue ‘euod
-1es s,1sodey] ‘ewor[ayjosaut
‘walsAs onatodole
-WIAY ‘WS1SAS SULIDOPUS ‘WD)
-sAS SNOAISU ISY}0 pUE UreIq
‘11910 pue a4s ‘wsAs Areunn
‘ura1sAs [e11uad a[euI ‘{Wa1sAS
[e1ua3 o[ewWS) IseaIq ‘UL{S
‘anssn 1jos ‘syutof pue sauoq
‘wralsAs L1ojeridsar ‘wosAs
aansadip ‘xuhkreyd pue £y1aed
[e10 :s931s towny Arewrud 3ur
-MO[[0j SUIPN[DUL ISDUED SAIS
-BAUT Y}Im pasouerp sjusned

sn3e}s ssa[awoy
SunuswNoop Sp10d31 [BJIPSN

(8ursnoy pazipisqns 10
JUSISULI) IO SSI[WOY SA Ul
-snovy a[qe3s) snieis 3ursnoy

Sunuswnoop Sp10da1 [BIIPIN

sajou axed Arewnd
10 SJUSWISSISSE IDIAISS [BII0S
WO1J PAUIL}O SNIBIS SSI[PWOH

(srenpratput gge)

I9][aYs sso[awioy 1o [eyidsoy

SE pa3SI| SISOUSEIP JO SSAIppE

10 ,‘1eD Ul S3AI], 10 ‘I9}[9Ys,,

«‘ssarowioy,, 3unodai pray

ssaIppe eyusawarddns uo
Paseq PayIUaPT SSAUSSI[IWIOH

Le1<
pade s[enplalpul 8ST¥ ‘AnsiSar
SOUR[[IDAINS ATH UI[eSH J1[qnd

Jo judunreds( odsUeI] UBS
VD ‘odsduel] ues

£81< pade ATH yatm Sut

-Al] USWOM Z6T ‘6002 ‘T€ 22A

03 ‘600 ‘T ue( ‘o1ur) saseasiq
SNOTOAJU] YelN Jo AIsILATun

£81< pade syinpe

00Z ‘9T0Z—10T ‘0dsueRI]

ueg ut feyrdsoy osrqnd
ueqgin ut o1utp A30700uU0 [edIpaN
VD ‘0dsuURI UBS

1I0Y0d paydiews 2102s Ayisuad

-o1d 10J 80GT ‘T9DUED SAISEAUL

3m pasouderp £0g< pade

S1NPe 090 559 ‘PT0C-EL6T

(SSDAN) wa1sAS souE[IIAING

190UBD 31019 uelodonsy
‘y1on19q ueyrjodonaw

£os<
pa8e suedLISWY ULILY-UOU

(85) 610 'T® 12 10SS9H

(£€) %10z e 15 ussuows

(9€) 0z0Z T 19 ouTWID

(s€) 6107 T& 12 (K1emo[oH

s3urpury £o3]

S9WIODINO0 I=0Uue)

saInseaws paje[a21-3uIsnoy

az1s ajduwies
pue ‘reak ‘ad1nos eyep ‘unias

90UaI19]9y

REVIEW

(penunuod) "¢ aqel



Area-Level Housing Insecurity: Housing Instability and Foreclosure
Risk

Three studies found statistically significant associations
between area-level housing insecurity, including 1 study using
census tract-level foreclosure rate, another using census tract-
level foreclosure abandonment risk score, and a third using
county-level housing instability, and cancer outcomes (Table 4)
(39-41).

Calo et al. (39) found that residing in census tracts with
higher foreclosure rates in Houston was associated with over-
due colorectal cancer screening among adults aged 50-75 years.
This association was not statistically significant after adjust-
ment for patients’ area-level socioeconomic status characteris-
tics, including poverty, unemployment, education, and income
inequality. Another study found that women diagnosed with
breast cancer who resided in census tracts with high foreclosure
risk in Missouri were more likely to report being in fair to poor
health than women diagnosed with breast cancer who lived in
low-foreclosure risk areas (defined using the HUD’s foreclosure
abandonment risk scores) (40). Knoble et al. (41) found children
diagnosed with acute myeloid leukemia who resided in counties
with increased levels of housing instability (defined as lower
rates of community members staying within the same house in
the past year, higher rates of moving within the county, and
moving to the United States from outside the country in the
past year) had statistically significantly worse mortality
(Supplementary Figure 3B, available online).

Housing Discrimination and Cancer Outcomes

Racially discriminatory policies and practices have systemati-
cally shaped access to resources and exposure to health hazards
and deliberately maintained racial residential segregation in
the United States (42). In the 1930s, HOLC appraised loan risk
and characterized neighborhoods with high proportions of non-
White and/or immigrant residents in red, thereby denying them
access to capital (23). By making mortgages less accessible to
Black home buyers, it created a platform for systemic disinvest-
ment in “redlined” neighborhoods and validated other racist
practices, such as interpersonal racism through mob violence
against Black individuals who moved to predominantly White
neighborhoods and institutional racism though discriminatory
mortgage-lending practices that persist to this day (43). After
the federal Fair Housing Act banned racial discrimination in
lending (44), contemporary mortgage discrimination persisted
and was estimated as the rate of mortgage denial in a neighbor-
hood compared with other areas included in the study using
data from the HMDA. Therefore, understanding the intersection
of exposure to interpersonal, institutional, and systemic racism
is crucial for interpreting the results of studies evaluating the
association between individual- and area-level measures of
housing discrimination and cancer outcomes.

Individual-Level Housing Discrimination: Self-Reported
Discrimination

Two studies used data from the Black Women’s Health Study
(43,44) to evaluate the association between self-reported experi-
ences of individual-level housing discrimination and cancer
outcomes (Table 5). The results were mixed: Taylor et al. (46)
found that among women younger than 50years, reporting
experiences of major discrimination in the job, housing, and
police (all 3) were associated with higher risk of being diagnosed
with breast cancer than women who reported no major
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discriminatory experiences. However, discrimination in hous-
ing alone was not associated with breast cancer risk. Albert
et al. (45) found self-reported experiences of unfair treatment in
housing activities (including discrimination in renting, buying,
and mortgage) were not associated with cancer being listed as a
cause of death on death certificates (Supplementary Figure 4A,
available online).

Area-Level Housing Discrimination

Three studies used residence in historically redlined areas to
measure the association between exposure to area-level hous-
ing discrimination and stage of diagnosis for multiple cancer
sites (Table 6) (47-49). Krieger et al. (47) used patients’ addresses
from the Massachusetts Cancer Registry to evaluate the associa-
tion between residing in historically redlined areas and cancer
diagnosis in 28 municipalities in Massachusetts. It found indi-
viduals residing in historically redlined areas were more likely
to be diagnosed with preventable cancers, such as cervical can-
cer, and more likely to present with late-stage diagnosis of
female breast and lung cancer (in men and women). Increased
risk of late-stage diagnoses in residents of historically redlined
areas was also observed for colorectal cancer (men only) but
was not statistically significant (Supplementary Figure 4B, avail-
able online). Nardone et al. (48) used census tract age-standar-
dized prevalence estimates from the Centers for Disease
Control and Prevention 500 cities dataset and reported a nega-
tive association between HOLC risk grade and self-reported can-
cer diagnosis in 9 US cities, including Atlanta, Chicago,
Cleveland, Los Angeles, Miami, New York, Oakland, San
Francisco, and St. Louis. Poulson et al. (49) used addresses of
patients from a single health-care institution in Boston, MA,
and found that Black patients residing in historically redlined
areas were less likely to receive lung cancer screening than
White patients.

Four studies used contemporary neighborhood mortgage
denial rated to measure the association between area-level
housing discrimination and cancer outcomes (Supplementary
Figure 4C, available online, Table 6) (50-53). The disproportion-
ate denial of mortgage loans for Black applicants compared
with similarly qualified White applicants contributes to the per-
sistent home ownership gap and racial residential segregation
between Black and White individuals in the United States (54).
Therefore, this measure is also called “contemporary redlining
index,” where higher values of the index correspond to predom-
inantly Black neighborhoods that have been targeted for mar-
ginalization and present-day denial of mortgage applications.
All 4 studies examined the association between residing in high
vs low contemporary redlining index neighborhoods and mor-
tality (all cause and cancer-specific) among individuals diag-
nosed with cancer. Two studies found that residing in
neighborhoods with a higher contemporary redlining index was
associated with worse cancer outcomes, including higher breast
cancer mortality and worse survival, compared with residents
residing in areas with lower rates of contemporary redlining
(Supplementary Figure 4B, available online) (50,51). Collin et al.
(50) found that in the Atlanta metropolitan area, women resid-
ing in areas with a higher (>1) mortgage denial rate had a higher
risk of breast cancer mortality compared with women who lived
in areas with lower (<1) mortgage denial rate. Similarly, Beyer
et al. (51) found that among older female Medicare beneficiaries
(aged 66-90 years) diagnosed with breast cancer, residing in
areas with the highest (>3) mortgage denial rate was associated
with worse survival compared with residing in areas with the
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Table 4. Area-level housing insecurity: housing instability, foreclosure risk and cancer outcomes®

Setting, data source,
year, and sample
Reference size

Housing-related
measures

Cancer outcomes

Key findings

Calo etal. 2015 (39)  City of Houston and Census tract-level
Harris County, TX  foreclosure risk
Health of Houston (% of foreclosures
Survey, 2010, 1720 started in past

adults aged 50— 18 mo) from HUD

75y

Schootman
et al. 2012 (40)

Missouri State,
Missouri Cancer
Registry, June
2006-June 2008, score from HUD
1047 women aged  (score range from
>25y 0 to 10, predicts

risk for foreclosed
and abandoned
homes in census
tracts)

foreclosure aban-
donment risk

Knoble et al. 2016 (41) SEER states and
regions, 1973-
2012, 3651 indi- from ACS (defined
viduals aged as lower rates of
<19y community

members staying
within same
house, higher
rates of moving
within county,
and higher rates
of moving to US
from outside
country in past
year)

ing instability

Census tract-level  Self-rated health
among breast
cancer survivors

County-level hous- Childhood AML
mortality

Self-reported adher- Residingin census tracts with high foreclosure risk was
ence to colorectal
cancer screening
guidelines

more likely to have worse adherence to colorectal
cancer screening guidelines (OR=0.57,95% CI=0.43
to 0.76, P < .01) than residing in census tracts with
low foreclosure risk. After adjusting for individual’s
sociodemographic characteristics including gender,
age, race or ethnicity, foreign born, marital status,
employment status, educational attainment, poverty
level, and health insurance coverage, residing in cen-
sus tracts with high foreclosure risk was no more
likely to have worse adherence to colorectal cancer
screening guidelines compared with residing in cen-
sus tracts with low foreclosure risk (aOR =0.78, 95%
CI=0.55 to 1.10).

Breast cancer survivors who resided in foreclosure
abandonment risk (7-10) areas were 2.39 times (95%
CI = 1.83 to 3.13) more likely to report being in fair-
poor health than women who lived in low foreclo-
sure risk areas (0-3). The magnitude of the associa-
tion was reduced after adjusting for perceived
neighborhood conditions, including neighborhood
social disorder, physical disorder or decay, collective
efficacy, and neighborhood fear (aOR =1.76, 95%
CI=1.02 to 3.05).

Residing in counties with high housing instability was
more likely to have an increased risk in childhood
AML mortality than residing in counties with low
housing instability, adjusting for age at diagnosis,
race or ethnicity, sex, US region and AML subtypes
(aHR =1.05, 95% CI =1.00 to 1.10).

#ACS = American Community Survey; AML = acute myeloid leukemia; aOR = adjusted odds ratio; CI = confidence interval; HR = hazard ratio; HIV = human immuno-
deficiency virus; HUD = Department of Housing and Urban Development; OR = odds ratio; SEER = Surveillance, Epidemiology, and End Results Program.

lowest (<0.5) contemporary redlining index value in the
Surveillance Epidemiology and End Results (SEER) cancer regis-
try states. Due to racial residential segregation, adjusting the
contemporary redlining index by race of the applicant does not
change the neighborhood scores (53). Additionally, racial resi-
dential segregation is critical for interpreting results from stud-
ies evaluating the association between residing in high vs low
contemporary redlining index neighborhoods and cancer out-
comes by race. Two studies evaluated the association between
contemporary redlining index and cancer mortality by race
among Milwaukee residents (52,53). Zhou et al. (52) found that,
when stratified by race, residence in areas with a higher con-
temporary redlining index was not associated with colorectal
cancer mortality among Black or White individuals. Another
study found that among Black women, residing in areas with a
higher contemporary redlining index was associated with a
lower hazard ratio for all-cause mortality and breast cancer-
specific mortality (53).

Four studies used racial bias in mortgage lending to evaluate
the association between area-level housing discrimination and
cancer outcomes (Supplementary Figure 4D, available online;
Table 6) (50,52,53,55). Unlike the “contemporary redlining
index,” the “racial bias in mortgage lending” measure uses
HMDA data to calculate the odds of mortgage denial among
Black applicants compared with similar White applicants in the
same neighborhood. Therefore, this measure identifies predom-
inantly White neighborhoods, where both Black and White
potential residents are submitting mortgage applications but
racial residential segregation is being perpetuated through dis-
proportional denial of applications from Black individuals. Two
studies evaluating the association between racial bias in mort-
gage lending and cancer outcomes by race reported higher haz-
ard of all-cause mortality among Black Milwaukee residents
living in predominantly White neighborhoods with higher racial
bias in mortgage lending (52,53). Beyer et al. (55) found that
racial disparities in cancer mortality rates were larger in areas
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Table 5. Individual-level housing discrimination and cancer outcomes®

Setting, data source,
year, and sample
Reference size

Housing-related
measures

Cancer outcomes
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Key findings

Taylor et al. 2007 (46) National, Black

Women'’s Health rience of major
Study, 1997-2003,  housing
45043 women discrimination

aged 21-69y

Albert et al. 2010 (45) National, Black
Women'’s Health
Study, 1997-2005,
48924 women
mean age=40.5y

rience of institu-
tional racism
including unfair
treatment in
housing activities
(renting, buying,
and mortgage)

Self-reported expe- Breast cancer
incidence

Self-reported expe- Cancer listed as
underlying cause
of death in death
certificates

Women who reported experiencing discrimination in
housing were as likely to develop breast cancer as
those who did not report, after adjusting for age,
body mass index, family history of breast cancer,
menopausal status, age at menarche, parity, vigorous
exercise, age at first birth, and oral contraceptive use
(adjusted IRR =1.00, 95% CI=0.84 to 1.18). Women
aged <50y who reported experiencing major discrim-
ination in housing, job, and police (all 3) were more
likely to develop breast cancer compared with those
who reported none (adjusted IRR =1.48, 95% CI=1.01
t0 2.16).

Women who reported experiencing unfair treatment in
housing were no more likely to have cancer being
listed as an underlying cause of death than those
who did not report, after adjusting for age, education
level, body mass index, family history of myocardial
infarction at age younger than 50y, physical activity,
smoking status, neighborhood racial composition,
marital status, occupation, health insurance status,
and histories of hypertension, diabetes, and hyperli-
pidemia (aHR = 1.2, 95% CI=0.9 to 1.5).

#aHR = adjusted hazard ratio; CI = confidence interval; IRR = incidence risk ratio.

with greater racial bias in mortgage lending, and this relation-
ship persisted in sex-specific analyses. In contrast, Collin et al.
(50) did not restrict the analyses to Black individuals and
reported a decreased hazard of breast cancer-specific mortality
among women residing in neighborhoods with higher racial
bias in mortgage lending in the Atlanta metropolitan area.
Residents of neighborhoods with higher racial bias in mortgage
lending were more likely to be White and have high income and
high educational attainment, as expected. The inconsistency of
the findings suggests that evaluating the association between
area-level housing discrimination and cancer outcomes by race
need to be interpreted in light of racial residential segregation
and exposure to other forms of racism (eg, interpersonal, insti-
tutional, systemic) in the United States.

Receipt of Housing Assistance and Cancer Control and
Outcomes

Housing assistance refers to the programs that provide safe and
affordable homes for low-income people and families as well as
the elderly and disabled. Despite the success of housing assis-
tance that reduces homelessness and increases housing stabil-
ity (56), approximately fewer than one-quarter of eligible low-
income households do not receive federal rental subsidies (57).
Three studies evaluated the association between individual-
level receipt of housing assistance (including receipt of vouch-
ers, public housing, and multifamily housing) and cancer
screening, prevalence, stage at diagnosis, treatment, and mor-
tality (58-60); findings were mixed (Table 7). Receiving housing
assistance was generally associated with improved access to
cancer care and better health among low-income adults. Wong
et al. (58) used data from the National Health Interview Survey
linked with HUD administrative data to compare receipt of col-
orectal, cervical, and breast cancer screening among individuals

receiving different types of housing assistance. In multivariable
analyses, receipt of housing assistance was not statistically sig-
nificantly associated with receipt of cancer screening. Stone
et al. (59) found that African American residents of large public
housing developments in Louisville, KY, were 87.3% more likely
to return the fecal immunochemical test kit provided during
colorectal cancer screening outreach than those who resided in
scattered housing or rental units on the private market
(Supplementary Figure 5, available online). Berchuck et al. (60)
identified individuals diagnosed with non-small cell lung can-
cer from the VA Central Cancer Registry and found that among
veterans with any preexisting mental health disorders, partici-
pation in housing support programs was associated with lower
odds of being diagnosed with late-stage disease. Additionally,
participation in housing support programs was associated with
receipt of stage-appropriate treatment for all stages of lung can-
cer and decreased risk of all-cause mortality and lung cancer-
specific mortality.

Discussion

In this study, we conducted a systematic review of published
research from 1980 through 2021 to synthesize the evidence on
associations of housing and cancer care and outcomes in the
United States. The 31 studies included in the review were heter-
ogeneous in terms of the study populations, housing measures,
methods, and outcomes evaluated. Nonetheless, most studies
reported statistically significant associations between housing
insecurity and worse cancer care and outcomes. The consis-
tency of these findings underscores the need for greater aware-
ness of housing challenges within cancer care delivery as well
as better understanding of what individual-, institutional-, and
policy-level housing interventions can effectively address and

REVIEW
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Table 7. Individual-level housing assistance and cancer outcomes®

Setting, data source,
year, and sample
Reference size

Housing-related

measures Cancer outcomes Key findings

Wong et al. 2019 (58) National, NHIS, Receipt of housing Self-reported receipt  Receipt of housing assistance did not

Berchuck et al. 2020 (60)

2004-2012 linked
with 2004-2012

VI program, July
15, 2016-July 14,
2017, 209 adults
aged 37-74y

National, Veterans
Affairs Central

assistance in HUD
data at time of

residents vs scat-
tered public hous-
ing residents vs
residents receiv-
ing vouchers for
rentals on regular
housing market

Participation in

housing support

of colorectal (men
and women aged

screening

Stage at cancer

diagnosis, receipt

increase likelihood of receiving colorec-
tal, breast, and cervical cancer screening

HUD administra- the NHIS 50-75y), breast compared with quasi-waitlist groups in
tive data, 4673 (women aged 40- both unadjusted models and adjusted
quasi-waitlist 74y), and cervical models (aOR =0.74, 95% CI=0.23 to 2.29;
adults in low- cancer screening aOR=0.74, 95% CI =0.23 to 2.43;
income house- (women aged 21- aOR =0.91, 95% CI=0.40 to 2.05).
holds aged >18y 65y) in past 12mo

Stone et al. 2019 (59) Louisville/Jefferson Large public hous- Return of FIT kits for =~ Residents of large public housing develop-
County, KY, HOPE ing development colorectal cancer ments were 87.3% more likely to return

FIT kit than residents who resided in
scattered housing or in rental unit on pri-
vate market adjusting for respondents’
perception of their health status
(OR=1.87,95% CI=0.99 to 3.55, P = .055).

After adjusting for age at diagnosis, year of

diagnosis, sex, race, marital status, smok-

mean age=68.1y

Cancer Registry, program of stage-appropri- ing history, substance use, and comorbid
ﬁ September 30, ate treatment, illness, NSCLC patients who participated
é 2000-Dec 31, and mortality in housing support programs were more
s 2011, 55 315 veter- likely to receive stage-appropriate treat-
ans diagnosed ment (aOR=1.15, 95% CI=1.01 to 1.31, P
with NSCLC and =.03) than patients who did not partici-
preexisting MHD, pate. NSCLC patients who participated in

housing support programs were less
likely to be diagnosed with late-stage dis-
ease (aOR=0.64, 95% CI=0.56 t0 0.73,P <
.001) than patients who did not partici-
pate. Lung cancer-specific mortality
among NSCLC patients participating in
housing support programs was lower
than patients without housing assistance
(aHR=0.70, 95% CI= 0.65 to0 0.76, P < .001).

2CI = confidence interval; FIT = fecal immunochemical test; HUD = US Department of Housing and Urban Development; HR = hazard ratio; MHD = mental health disor-
der; NHIS = National Health Interview Survey; NSCLC = non-small cell lung cancer; OR = odds ratio.

prevent the complex needs of individuals throughout the cancer
care continuum.

Among the studies included in the review, the most consis-
tent findings were among studies assessing associations of
housing challenges and cancer stage at diagnosis and survival
following diagnosis (25,29,30,60). Only 2 studies examined
receipt of treatment and 3 examined survivorship care despite
the strong conceptual basis for associations with housing chal-
lenges. For example, patients who are cancer survivors may
need time away from work for treatment and surveillance with
different specialty care providers, potentially resulting in lost
wages and limited employment opportunities. Together with
high medical expenses, it may be more challenging for these
individuals to afford stable housing, and, conversely, unstable
housing may make the receipt of their treatment and survivor-
ship care more challenging (61,62). To date, associations of
housing and cancer stage, treatment, and survival have been
evaluated in only a limited number of cancers (25,60), and little
is known about how associations might vary by cancer site,
treatment type, or among racialized groups. Moreover, housing

challenges can lead to poor symptom management and care
coordination, which are especially important for patients with
cancer at the end of life (63,64). We did not identify any studies
evaluating the association between housing and end-of-life
care among individuals diagnosed with cancer. Further investi-
gation of associations of housing and cancer treatment, survi-
vorship, symptom management, and end-of-life care is
warranted.

Several studies evaluated the association between exposure
to housing discrimination, experienced through interpersonal,
institutional, and structural racism, and cancer outcomes (45-
47,50-52,65). Studies evaluating the association between indi-
vidual-level exposure to housing discrimination (interpersonal
racism) had mixed results, with 2 studies using historical redlin-
ing data to evaluate the association between exposure to area-
level measures of housing discrimination (systemic racism) and
cancer outcomes found that residing in historically redlined
areas was associated with worse access to early cancer detec-
tion (47,49). Several studies evaluated the association between
contemporary area-level measures of housing discrimination



(institutional racism) and cancer outcomes. Results from these
studies varied depending on how the study population and
exposure measures were selected. Future studies should evalu-
ate factors contributing to these findings in light of currently
high levels of racial residential segregation. The impact of expo-
sure to different types of housing discrimination is likely to be
cumulative, interact with exposure to other types of discrimina-
tion, and result in a long-term impact on cancer mortality.
However, none of the identified studies included both individ-
ual- and area-level measures in evaluating the association
between exposure to housing discrimination and cancer out-
comes or examined experiences of discrimination over one’s
residential history.

Our review showed that studies tended to focus on a single
aspect of housing challenges at either the individual or area
level. However, multiple aspects of housing may affect individu-
als diagnosed with cancer at the same time, and these aspects
may work individually and synergistically to adversely affect
health outcomes. Future studies may seek to use measures that
incorporate multiple domains, including the physical quality of
housing (eg, mold, pest infestation, peeling paint, drafts and
energy inefficiencies, physical crowding), housing affordability
(eg, fear of eviction, housing costs, overcrowding), and stability
(eg, frequent moves or homelessness) as well as different types
of housing discriminations (eg, interpersonal racism and insti-
tutional racism). Relatedly, we did not identify studies that
examined the intersection of individual- and area-level housing
measures. It is possible that, for example, the adverse health
consequences of exposure to individual-level housing instabil-
ity and unaffordability may be especially detrimental for cancer
care among people living in areas historically targeted for disin-
vestment. Working to investigate the impact of multiple dimen-
sions of housing and their cross-level interaction represents an
important direction for future research.

Our review identified only a handful of studies that specifi-
cally examined policy-oriented interventions designed to
address housing needs and overcome barriers to cancer care
(66). Housing assistance programs and policies may reduce dis-
parities by increasing household financial resources and
health-care access and improving the residential neighborhood
context. These programs include homelessness assistance
grants, housing tax credit and rental subsidies, improving hous-
ing quality and infrastructure, diminishing exposure to environ-
mental hazards, and colocating housing with health centers
and social services (67). During the COVID-19 pandemic, hous-
ing policies have been implemented to enhance housing stabil-
ity for low-income people, including extending moratoriums on
evictions and foreclosures and increasing emergency rental
assistance (68). However, the results from Wong et al. (58) sug-
gested that providing housing assistance may be insufficient to
overcome the multiple barriers in access to stable quality hous-
ing and health resources faced by underserved populations.
Other structural barriers at the health-care system, institution,
and provider levels should be considered and addressed in
improving cancer care access. Future research is needed to
understand the extent to which these types of system-level
housing interventions alone or in conjunction with other sup-
port are able to help support cancer care and reduce inequities.

In addition to policy-level interventions, health systems,
and providers are considering other ways to address housing-
related social needs. As exemplified by the Center for Medicare
and Medicaid Innovation’s Accountable Health Communities
demonstration project, there has been an increasing move to
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screen for health-related social needs and connect people who
have needs to community-based resources. Other health sys-
tems have instituted patient navigation programs and devel-
oped medical-legal partnerships, which may help address
housing needs among their patients (69-72). There are also
examples of health systems and insurers who have invested in
affordable housing programs, often for medically vulnerable
individuals without housing (73,74). We did not find published
studies that investigated the extent to which these types of pro-
grams, from housing-related needs screening to direct invest-
ment, hold promise in cancer care; therefore, this is an
important avenue for future research.

We did not identify any studies addressing the complexity of
housing challenges across material (eg, problems paying rent or
mortgage) and psychosocial (eg, worry, distress) domains, nor
did we identify studies incorporating aspects of housing chal-
lenges at the individual and area levels; these will be important
for future research and practice. Moreover, existing studies
focused only on 1-dimensional measures of housing challenges
for cancer patients. However, housing may affect individuals in
multiple dimensions. For example, low-income individuals
diagnosed with cancer might face multiple housing risks at the
same time, including high housing cost burden (rent, mortgage,
utility bills), more environmental hazards (radon, pollution,
mold), poor infrastructure (temperature, etc), and less housing
stability (eviction, foreclosure). Research should incorporate
multi-dimensional measures of housing to provide a better
assessment of its association with health outcomes among can-
cer patients.

There are several limitations in the studies included in this
review. Most studies evaluating the association between indi-
vidual-level measures of housing insecurity and cancer out-
comes used a convenience sample of patients recruited at a
single institution or health-care system, limiting the generaliz-
ability of findings. Similarly, most studies evaluating the associ-
ation between area-level housing insecurity measures and
cancer outcomes used patients’ address information from (sin-
gle or selected) local cancer registries, also limiting the general-
izability of findings. Several studies were conducted in highly
selected samples, such as patients with mental illness and HIV.
Additionally, small sample sizes and lack of overlap in area-
level housing measures between racialized groups due to racial
residential segregation may lead to insufficient power to detect
statistically significant associations between exposure to hous-
ing insecurity and cancer outcomes. Therefore, larger and more
representative study populations are needed in future research.
Integrating individual- and area-level measures of housing
insecurity into nationally representative health surveys and
cancer registry data collection can improve quality and capacity
of research evaluating the association between exposure to
housing insecurity and cancer outcomes. Moreover, the bi-
directional relationship between housing and socioeconomic
status or health status complicates the selection of individual-
and area-level characteristics that should be included in statis-
tical analysis.

An important strength of this systematic review is that we
used multiple scientific publication databases to identify
articles related to several housing measures and cancer care
and outcomes. This strategy allowed for comprehensive evalua-
tion of current knowledge regarding the association between
housing challenges and health outcomes throughout the cancer
care continuum as well as the identification of knowledge gaps.
However, this systematic review also has several limitations.
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First, even though we included published studies starting in
1980 through 2021, we may have missed some relevant studies
due to the inconsistent terms used to define housing-related
measures. To minimize this limitation, we also hand-searched
the reference lists of each included article for any additional
related studies not captured in the initial search process.
Second, because of heterogeneity of housing measures, study
populations, methods, outcomes, and cancer sites in underlying
studies, we could not conduct formal quantitative meta-analy-
ses to estimate the pooled effects across published research.
Our systematic review excluded studies that evaluated the
association between housing and cancer care and outcomes
outside of the United States (75-77) because of differences in
health systems and social safety net programs. Understanding
associations of housing challenges with access to cancer care
and outcomes in countries with different health systems and
social safety nets will be important in identifying potential
interventions and policy strategies.

In summary, this systematic review synthesized a large body
of research conducted in the United States over 4 decades. Most
studies reported that housing challenges, including housing
needs, homelessness, and housing discrimination, were associ-
ated with worse cancer care and outcomes. We also identified
several research gaps and opportunities for addressing housing
challenges and reducing cancer disparities. More research on can-
cer stage at diagnosis, treatment, survivorship, and end-of-life
care is needed to better understand the association between
housing instability with access to care and outcomes throughout
the cancer care continuum. Furthermore, research with more rep-
resentative study populations, different cancer types, and multi-
dimensional housing measures is warranted to provide more evi-
dence to create effective interventions and policies to tackle this
problem. Our findings highlight the need for clinicians and
health-care systems to consider screening for housing needs and,
once identified, supporting changes to effectively address the
needs of individuals throughout the cancer care continuum and
advance equitable access to care.
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