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G R A P H I C A L A B S T R A C T

Housing instability is linked to a 44 % higher risk of CHF in low-income individuals, as shown by Kaplan-Meier analysis. The association remains significant after
adjusting for cardiovascular risk factors and age.
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A B S T R A C T

Housing instability is a critical social determinant of health (SDOH). Prior studies of homelessness and congestive
heart failure (CHF) have looked primarily at the association between socioeconomic status and hospitalization.
The association between housing instability and the development of CHF has not been fully investigated.
We examined data from 4,408 participants with annual household income below $50,000 in the All of Us

Research Program, a national cohort study enriched for individuals underrepresented in biomedical research.
Within the inceptive survey, participants were asked if they were worried or concerned about not having a place
to live in the past 6 months. We assessed the association between this self-reported housing concern and CHF
occurrence, finding that individuals with low income and housing instability had a 44 % higher risk of diagnosis
of CHF than those with stable housing (HR 1.44; 95 %CI 1.03–2.01). The increased risk remained significant after
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adjusting for cardiovascular risk factors as potential confounders (HR 1.73; 95 %CI 1.19–2.51) such as choles-
terol, history of diabetes, and older age categories aged 55–64 years, 65–74 years, 75 years and older.
Compared with men, women in the study were estimated to be at lower risk of CHF diagnosis (HR 0.52; 95 %

CI 0.38–0.70) with 5.3 % of men and 2.9 % of women eventually diagnosed. We found that participants with
housing instability had a higher risk of diagnosis of CHF compared to those with stable housing, highlighting the
potential health impact of this healthcare disparity. Housing instability disrupts the essentials of effective
management of cardiovascular risk factors (diabetes, obesity, hypertension) including consistent management,
reliable access to care, and access to basic needs like kitchen and bathroom. This exacerbates their severity and
increasing the risk of being diagnosed with CHF.

1. Introduction

Housing instability, or housing insecurity, is a significant social
determinant of health (SDOH), and an escalating public health concern
[1–4]. This encompasses various conditions and challenges such as
difficulty paying rent, spending a significant portion of income on
housing, inconsistent housing, frequent moves, and living in poor or
overcrowded conditions [5–8]. In 2023, we saw the highest record of
homelessness since 2007 with an increase in nearly every state in the U.S
[9]. Over 21 million renter households in the U.S. were considered
cost-burdened, spending>30 % of their income on housing; and over 12
million renter households were considered severely cost-burdened,
spending >50 % of their income on housing [10,11]. At the same
time, pandemic relief programs like rental assistance, eviction morato-
riums, and income assistance, are expiring [12]. With both housing
instability and cardiovascular (CV) disease on the rise, housing has
emerged as a critical public health concern [13].

Homelessness represents the most severe form of housing instability.
In 2023, approximately 653,100 people experienced homelessness in
the United States on a single night–a 12 % increase from 2022 [13]. A
scientific statement by the American Heart Association (AHA) reported
that individuals experiencing homelessness have a 60–70 % higher rate
of cardiovascular events, including congestive heart failure, compared
to the general population [13]. Economic challenges, housing insta-
bility, reduced access to healthcare, and chronic stress led to health
inequities and poorer health outcomes, including higher risks for
chronic conditions like congestive heart failure (CHF).

CHF is a common, chronic cardiovascular condition, affecting
approximately 6.7 million adults in the United States and is projected to
increase in prevalence to 8.7 million by 2030, 10.3 million by 2040, and
11.4 million by 2050 [14]. CHF is a leading cause of hospitalization
among individuals over 65 with direct medical costs expected to reach
$53 billion by 2030 [15]. Research has already established that housing
instability is associated with a poorer control of hypertension and dia-
betes, both contributing risk factors to CHF [13,16,17].

Housing instability creates multifaceted barriers to accessing regular
and preventive medical care. It is associated with inconsistent employ-
ment, lack of health insurance, frequent relocation, living in areas with
limited healthcare resources, difficulty accessing transportation, and
financial constraints, which use more healthcare resources and increase
health care costs [18]. Patients with housing instability present later in
the disease course, with more severe conditions and a higher burden of
chronic illnesses, including diabetes, hypertension, and cardiovascular
disease [17,19]. Despite high acute healthcare utilization, this popula-
tion has difficulty accessing preventative care, which is necessary for
managing and preventing chronic disease. Housing instability is asso-
ciated with sleep health inequities and with a higher odds of concomi-
tant substance use and mood disorders [20,21], both of which are linked
to a higher risk of cardiovascular disease [22–24].

Consistent preventative care, medication adherence, and nutritional
health are crucial for effective CHF management. Each one of these is
challenged when experiencing housing instability [17]. We sought to
better understand the relationship between housing instability and
diagnosis of CHF.

2. Methods

2.1. Study population

The NIH’s All of Us Research Program is a national, longitudinal
cohort study enriched for participants underrepresented in biomedical
research. Participants across the U.S. are enrolled in diverse settings
such as health provider organizations, Federal Qualified Health Centers,
local drug stores, and mobile units in communities. Upon enrollment,
participants are asked to complete a set of surveys, biometric measures
and blood are collected, and consent is obtained to access their elec-
tronic health record (EHR).

The All of Us workbench allows researchers to combine cross-
sectional, self-reported survey data, with participant EHR. Fig. 1 illus-
trates inclusion criteria for analysis. As detailed in Fig. 1, dates of all
available medical records ranged from 1939 to 2022. Housing instability
status was derived from responses in “The Basics” survey if participants
answered yes to following question: “In the past 6 months, have you
been worried or concerned about NOT having a place to live?”. The date
associated with each survey response was used to define a baseline date
for each participant. Therefore, collection dates for all self-reported data
from “The Basics” ranged from 2017 to 2022. Participants who complete
the initial enrollment survey but did not have available EHR data were
excluded.

Available survey data in All of Us data version 7 included de-
mographic data for 413,457 participants collected from 05/31/2017 to
06/30/2022. While demographic data collected by the initial enroll-
ment survey (“The Basics”) is available for all participants, responses to
all survey questions are not required. Those missing sex, gender,
ethnicity, race, marital status, education, income, and housing status
were excluded, and of 310,667 remaining respondents, 211,770 had at
least one recorded condition, observation, procedure, visit, drug/device
exposure, or measurement. To remove pre-existing or concurrent CHF
diagnoses at the time of All of Us enrollment, 8211 participants with a
history of CHF were excluded from analysis, as their diagnosis date
either preceded their survey response or followed their survey response
by <90 days. Of 203,559 remaining participants, we included their data
only if their latest available EHR timestamp exceeded survey response
by at least 365 days; while this criterion eliminated 13,317 from anal-
ysis, this preserved comparable CHF diagnosis risk for the remaining
70,422 participants. We further restricted our analytic sample to par-
ticipants with self-reported smoking status from the “Lifestyle” survey if
completed within 90 days of “The Basics”. Participants with unavailable
or missing systolic blood pressure, cholesterol ratio, and BMI were
omitted from analysis. Of the remaining 13,257 participants, 10.3 %
reported housing concerns, with 77.4 % of those reporting annual
household income below $50,000. With those earning 50 K or more
representing 22.5 % of those reporting housing instability, we selected
this income threshold as the upper bound of our final analytic sample.
Finding self-reported housing instability at greater levels of annual in-
come challenges the assumption that increased income removes anxiety
associated with meeting basic necessities. Of those 3.5 % reporting
housing concerns with income at 50 K or greater, 46 % reported an
annual income of $50,000-$74,999, 20 % reported an annual income of
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$75,000-$99,999, 17 % reported an annual income of $100,000-
$149,999, 8 % reported an annual income of $150,000-$199,999, and 9
% reported an annual income of $200,000 or more. After imposing our
income threshold, the resulting sample size did not permit inclusion of
participants with non-cisgender identities; after excluding these 25
participants, the final analytic sample included 4408 participants.

All researchers who access the All of Us data for analyses are currently
authorized and approved via a 6-step process that includes registration,
affiliation with an institution that has completed a Data Use and Registration
Agreement, identity verification via login.gov, completion of ethics training,
and attestation to a data use agreement. Approval to use the dataset is
covered by an IRB determination that this is a fully de-identified data set with
research consent, and thus, additional IRB review is not required (letter
attached). Results reported are in compliance with the All of Us Data and
Statistics Dissemination Policy disallowing disclosure of group counts under
20 to protect participant privacy.

2.2. Outcome assessment - congestive heart failure (CHF)

A binary variable indicating CHF diagnosis was created from the
EHR (SNOMED code 42343007 and corresponding ICD10 and ICD9
codes as listed in Supplemental Table 3). Where multiple records were
found in EHR, the earliest record defined the date of CHF diagnosis. To
ensure temporal inference, participant data were included for analysis
only if the survey response (baseline date) preceded the CHF diagnosis
by at least 90 days. The exclusion of those with diagnoses of CHF within
90 days of baseline (or enrollment “The Basics” survey submission)
ameliorated concerns about pre-existing or concurrent CHF diagnoses in
participants joining the study and initiated care at participating health
facilities. Diagnosis dates of participants in the analytic sample ranged
from 11/6/2018 to 6/23/2022.

2.3. Covariates

2.3.1. Demographics
Sex assigned at birth, gender identity, race and ethnicity, relation-

ship status, annual household income, and highest level of education
completed were collected in from the All of Us demographics “Basics
survey”. Cisgender participants were identified as those with concordant
birth sex and gender identity. Date of birth for each participant was
collected during consent and used to calculate age at the time of survey
response. Age (years) was further divided into the following categories:
18–44, 45–54, 55–64, 65–74 and 75 years and above. These age cate-
gories are aligned with the age categories published in the National
Center for Health Statistics.

Mutually exclusive racial and ethnic identity binary variables were
created; first, all participants who endorsed “Hispanic, Latino, or
Spanish” were coded as Hispanic/Latino/a/e/x; next, all non-Hispanic/
Latino/a/e/x participants were coded as Multiracial if they endorsed
multiple racial identities. The remaining participants were single en-
dorsers of racial identity. Endorsers of “Asian”, “Middle Eastern or North
African”, “American Indian or Alaska Native”, “Native Hawaiian or
other Pacific Islander”, or “None of these fully describe me” were coded
in a single category to avoid small group sizes in accordance with All of
Us dissemination protocol which does not allow reporting for small cell
sizes<20. Remaining identities of “Black, African American, or African”
or “White” were coded as endorsed. A binary variable for relationship
status was created to identify those who reported living with partners or
being married.

2.3.2. Heavy drinking, stimulant use, and smoking
Survey data from the “Lifestyle” survey were combined with

stimulant-related use, misuse, and abuse occurrences in EHR to create 2
binary variables: a binary indicator of heavy drinking and an additional
binary indicator of recreational stimulant use (SNOMED codes
11061003, 228366006, 733461000, 66214007). The analytic sample
included self-reported “Lifestyle” responses collected within 90 days
after “Basics” survey response (participant baseline). The analytic
sample included “Lifestyle” survey responses ranging from 6/5/2017 to
6/16/2021.

Participants were asked “How often did you have six or more drinks
on one occasion in the past year?”; responses of “Daily”, “Weekly”, “Less
Than Monthly”, or “Monthly”, were coded as heavy drinking. Similarly,
participants were asked to report recreational use frequency (“Never”,
“Once or twice”, “Monthly”, “Weekly”, “Daily” or “Almost daily”) of
cocaine, prescription stimulants (e.g. Ritalin), and other stimulants (e.g.
meth) within the past 3 months; any reported use was coded as recre-
ational stimulant use.

Additionally, any EHR entry referencing alcohol abuse or recrea-
tional stimulant use which preceded CHF diagnosis date and with
timestamp within 1 year of baseline (housing instability survey
response) was synthesized with self-reported alcohol and stimulant use
and coded as heavy drinking and stimulant use. Datetime stamps for
EHR referencing alcohol abuse or stimulant use in the analytic sample
ranged from 365 days preceding baseline to 90 days following baseline.

A nicotine user/current smoker binary indicator was created from
self-reported data collected by the “Lifestyle” survey. Respondents were
asked “Do you smoke cigarettes every day, some days, or not at all?” and
“Do you now use electronic nicotine products?”; endorsers of “Every
day”, or “Some days” were coded as nicotine users/current smokers.

2.3.3. Cardiovascular risk factors
Indicators of cardiovascular risk were selected from available EHR to

align with the PREVENT™ heart disease risk calculator recently devel-
oped by the American Heart Association [25,26]. As calculated risk
scores are validated only for specific ranges of risk factor values (ages
30–79, HDL 20–100 mg/dL, SBP 90–200 mmHg, BMI 18.5–39.9 kg/m2,
eGFR 15–140 mL/min/1.73 m2), we opted to include each risk factor
separately to avoid these limitations. Participant EHR with dates within
365 days prior to baseline (survey response) and preceding CHF diag-
nosis were included for analysis. Cholesterol ratio, SBP, and BMI values
exceeding the 99th percentile were considered outliers and omitted from
analysis. A mean was calculated where multiple observations or mea-
surements existed for a participant within the allowable temporal range.

Systolic blood pressure was coded as a binary indicator to identify
those with or without a value ≥130 mmHg. While the risk calculator
included total cholesterol and HDL as separate metrics, we replaced
these metrics with a single metric of cholesterol ratio to ameliorate
concerns of collinearity. Participant eGFR and binary indicators of anti-
hypertensive and statin status were omitted from analysis to address
similar concerns. Individuals prescribed antihypertensive medications
and statins were included in the analysis; however, we excluded in-
dicators of these medications (diagnosis of hypertension, hyperlipid-
emia, etc.) from the multivariable analysis to avoid collinearity. A
binary variable indicating diagnosis of diabetes mellitus (SNOMED code
73211009) was derived, and BMI categories were created for under-
weight (<18.5 kg/m2), healthy weight (18.5–24.9 kg/m2), overweight
(25.0–29.9 kg/m2), and obesity (≥30 kg/m2) value ranges.
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2.4. Data management and analysis

Data analysis was conducted within multiple Jupyter notebooks
using R software version 4.4.0 and stored within the virtual environment
provided by the All of Us Researcher Workbench. All data were derived
from Controlled Tier Dataset V7. The ATHENA-OHDSI database was

used to obtain Observational Health and Medicines Outcomes Partner-
ship (OMOP) codes, Systemized Nomenclature of Medicine (SNOMED)
codes, and equivalent diagnosis terms.

We compared demographic and clinical characteristics according to
housing instability status and reported summary statistics as means and
standard deviations for continuous variables, and frequencies

Fig. 1. Flow diagram showing inclusion criteria.
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(percentages) for categorical variables. Group comparisons were eval-
uated using two-sided t-tests and Chi-Square tests.

We calculated time-to-CHF from the date of survey response (base-
line) to the date of the diagnosis shown in the EHR records. Individuals
with no CHF diagnosis were censored at 7/1/2022, which was the latest
EHR date currently available within All of Us after application of our
inclusion criteria.

The CHF probabilities were estimated using the Kaplan-Meier
method. Univariable and multivariable Cox proportional hazards
regression models were employed to test the associations between
housing status (housing instability versus no housing concerns) and time
to CHF. Independent variables were included in the multivariable model
to align with the American Heart Association’s PREVENT™ risk score
calculator and maintain clinical relevance. Estimated hazard ratios
among socioeconomic indicators showed only negligible changes in
magnitude and no changes in directionality with the inclusion and
exclusion of housing instability. Variance inflation factors (VIF) were all
well below the accepted threshold of 10, indicating no evidence of
multicollinearity among predictors.

The Cox proportionality assumption was tested for each of the var-
iables considered in the model by including an interaction of that vari-
able with the natural logarithm of time. There were no indications of
proportionality violation. As death records were not available for every
participant, participant data were included for analysis only if their
latest available EHR timestamp exceeded baseline (survey response) by
at least 365 days. Throughout these analyses, a 2-sided p-value <0.05
was considered statistically significant.

3. Results

Table 1 shows demographic and clinical characteristics of our sample
with annual income less than $50,000 and stratified by housing insta-
bility status. Of the 4408 participants in this selected cohort, more than
half (68 %) were cisgender women. The ages were distributed across
most of the age groups from 18 to 74 years old, with the fewest partic-
ipants 75 and older (10 %) and the most participants in the 18–44- and
55–64-year categories at 25 % each. By ethnicity and race, our study
cohort was predominantly non-Hispanic White (55 %) while Asian,
MENA, NHPI, AIAN, and Multiracial participants were the smallest
population (4 %). We examined factors associated with the development
of CHF including a history of alcohol use (42 %), stimulant use (4 %),
being a current smoker (22 %), diabetes (25 %), systolic blood pressure
greater than 130 (43 %) and increased cholesterol ratio (1 %).

Table 2 shows that the risk of CHF in our low-income sample was
significantly higher among those with housing instability, with 4.8 % of
those with housing concerns and 3.3 % of those with no housing con-
cerns diagnosed (HR 1.44; 95 %CI 1.03–2.01). Cisgender men were
more likely to report housing instability than women (27 % vs. 22 %
respectively).

While the median time elapsed between baseline and CHF diagnosis
was 955 days (2.61 years) overall, median time-to-diagnosis after survey
response did not differ by housing status, with 959 days (2.63 years)
elapsing for those with housing instability, and 955 days (2.61 years)
elapsing for those with no housing concerns. As expected, an increase in
age accompanies an elevated risk, with participants aged 55–64 (HR
2.14; 95 %CI 1.17–3.92), 65–74 (HR 2.92; 95 %CI 1.63–5.24), and 75 or
older (HR 5.78; 95 %CI 3.19–10.47) significantly more likely to be
diagnosed with CHF than those younger than 45. Univariable and
multivariable analysis displayed in Supplemental Table 4 shows that

continuous age, in alignment with categorical age, is significantly
associated with CHF risk (HR 1.04, 95 % CI 1.04–1.07, p < 0.001).
Among common cardiovascular risk factors, risk was elevated among
those classified as obese (HR 1.86; 95 %CI 1.15–3.01), and those with a
history of diabetes mellitus (HR 2.54; 95 %CI 1.87–3.47); 3.9 % of
participants with BMI categorized as underweight, overweight, or obese
were diagnosed with CHF, while 4.5 % of obese participants were
diagnosed. Among participants with a history of diabetes mellitus, 6.7 %
were diagnossed with CHF. Risk of CHF was increased proportional to
total cholesterol/HDL ratio, with elevated values associated with
increased risk (HR per unit increase in total/HLD cholesterol 1.18; 95 %
CI 1.06–1.32).

Compared with men, women were estimated to be at lower risk of
CHF diagnosis (HR 0.52; 95 %CI 0.38–0.70) with 5.3 % of men and 2.9
% of women diagnosed. Risk of CHF was lower among those identifying
as Hispanic or Latino/a/e/x (HR 0.41; 95 %CI 0.26–0.65), with 1.9 %
eventually diagnosed, compared to 4.2 % for those with non-Hispanic
identities.

Estimated risk of CHF diagnosis in the multivariable model aligns
with univariable risk estimates, with risk of CHF elevated for those with
housing instability (HR 1.73; 95 %CI 1.19–2.51). Cholesterol (HR 1.18;
95 %CI 1.05–1.34) and history of diabetes (HR 2.35; 95 %CI 1.69–3.26)
and older age categories [aged 55–64 years (HR 1.61; 95 %CI
1.01–3.51); 65–74 years (HR 3.46; 95 %CI 1.83–6.54); 75 years and
older (HR 9.07; 4.56–18.01)] were associated with increased risk of CHF
whereas identifying as Hispanic or Latino/a/e/x identity (HR 0.51; 95 %
CI 0.30–0.87) was associated with lower risk of CHF. Supplemental
Table 4 shows consistency of level of education, heavy drinking, recre-
ational stimulant use, and smoking status were not significantly asso-
ciated with elevated risk of CHF in univariable models. Hazard ratios for
these variables remained statistically insignificant and shifted in
magnitude only slightly in the multivariable model (Table 2), with
directionality preserved.

Fig. 2 shows the Kaplan-Meier curves by housing status, risk table,
and cumulative censoring for the analytic sample. Censoring occurred at
approximately equivalent rates. On average, an additional 1.9 % of the
at-risk sample was censored per month post-baseline among those with
housing instability, compared to an average of 2.0 % per month of those
with no housing concerns. Mean percentage rate of diagnosis differed,
with 0.052 % of those with housing instability diagnosed per month,
compared to 0.018 % of participants with no housing concerns.

Supplemental Table 1 describes participants with annual household
income of $50,000 or more who were omitted from our analytic sample.
While cisgender woman represented 68 % of the participants in our
lower income group, 63 % reported housing instability status; though
they constituted 58 % of the participants with higher income, a nearly
identical proportion—64 %— reported housing concerns. As with par-
ticipants in the lower income group, Supplemental Table 2 shows
housing status among higher-income participants was associated with
increased risk of CHF. Elevated risk for these participants was also
associated with overweight or obese BMI.

Supplemental Table 3 lists relevant ID, name, code, and vocabulary
of electronic health records as found in the All of Us workbench and
ATHENA-OHDSI database.

4. Discussion

In this unique population, enriched for groups traditionally under-
represented in biomedical research including racial and ethnic

N. Novin et al. American Journal of Preventive Cardiology 22 (2025) 100967 

5 



minorities, sex and gender minorities, and rural populations, we found
that those with housing instability have a 44 % higher risk of CHF
diagnosis than those with stable housing (HR 1.44; 95 %CI 1.03–2.01).
The magnitude of effect between housing instability and CHF did not
diminish upon multivariable adjustment for potential confounders (HR
1.73; 95 %CI 1.19–2.51).

Among patients with CHF, housing instability is related to higher in-
hospital mortality and recurrent CHF hospitalizations [27–29]. In a
nationwide study of patients with CHF, those who were either homeless
or in a low median neighborhood income stratum had higher in-hospital
mortality than those who were housed and in higher income strata [27];
these findings were consistent with a separate study of a Midwestern
safety net hospital [28]. However, a separate analysis of patients from
NY, CA and FL showed that risk adjusted mortality did not differ be-
tween homeless and housed patients who were hospitalized for CHF
[29]. Steverson and colleagues in a California safety net hospital showed
that the presence of homelessness and living in a shelter were both
associated with recurrent CHF hospitalizations (with 2 and 3-fold
increased risk respectively) [29].

To our knowledge, this is the first study to demonstrate a direct link
between housing instability and increased risk of CHF in a diverse
population sample. Housing instability is a significant societal and sys-
temic risk factor for chronic disease, including cardiovascular disease.
This finding is particularly relevant in the context of the ongoing
housing crisis in the United States, which may be perpetuating and
exacerbating chronic health conditions among vulnerable populations.
Prior studies of homelessness and CHF have been primarily conducted
within populations with CHF and have not examined the relative
occurrence of CHF between those with and without housing instability
[27]. Taken together these findings demonstrate that patients with
housing instability have worse secondary outcomes once diagnosed with
CHF.

Stable housing is an important ingredient in the successful preven-
tion and treatment of CHF. Multiple medications are prescribed for
management of cardiovascular risk factors (e.g., hypertension, dia-
betes), following a low salt diet is a key treatment for HTN and HF, and
daily weights with a consistent scale is an important self- management
step for patients. High housing costs impede a patient’s ability to afford
heart-healthy food, monitoring supplies, medications, and trans-
portation to regular doctor appointments [6,7]. Because of the need for a
kitchen to follow the recommendations and the first-line use of diuretics,
which include frequent and necessary access to bathroom facilities,
stable housing is imperative to disease management. Residing in unsafe
neighborhoods and the associated stress of housing instability have
lasting adverse health effects [6,7]. Substandard housing conditions,
such as exposure to pollutants like mold and secondhand smoke, and
inadequate temperature control, can further affect cardiovascular health
[5–7,13].

The association between housing instability and CHF emphasizes the
need for novel approaches to address housing as a critical determinant of
health. Several housing policies and programs have shown promise in
improving the health of vulnerable populations by addressing housing
instability and related factors [30,31]. One example is Housing First
programs, which offer permanent housing coupled with health and so-
cial services [30]. In 2019, the Kaiser Permanente Health Maintenance
Organization started a series of Housing First initiatives. After providing
long-term housing for 515 homeless older adult residents in Oakland,
California, they saw a 37 % decrease in emergency department utiliza-
tion and a 27 % reduction in health care costs overall [32]. Providing
ride-share services to homeless veterans was associated with greater use
of Veteran’s Administration outpatient and inpatient services and fewer
no-show medical appointments over six months [33]. Initiatives that
offer individuals housing stability allow them to focus on their health
and improve their well-being. These findings contribute to the growing
body of evidence supporting housing as a medical intervention. This
approach represents the need for a paradigm shift from traditional

Table 1
Analytic Sample for Household Income < $50K.

Characteristic Total
(n =

4408)

No Housing
Concern
(n = 3357)

Housing
instability
(n = 1051)

p

Sex and Gender ​ ​ ​ <0.001
Cisgender Woman 3000 (68

%)
2335 (70 %) 665 (63 %) ​

Cisgender Man 1408 (32
%)

1022 (30 %) 386 (37 %) ​

Age, yrs (mean (sd)) 55.80
(15.94)

57.31
(16.41)

50.98
(13.27)

<0.001

Age, yrs (median (IQR)) 58
(45–68)

60 (46–69) 53 (41–60) <0.001

Age, yrs ​ ​ ​ <0.001
18–44d 1080 (24

%)
<770 (<23
%)

>296 (>28
%)

​

45–54 768 (17
%)

486 (14 %) 282 (27 %) ​

55–64 1082 (24
%)

788 (23 %) 294 (28 %) ​

65–74 1018 (23
%)

873 (26 %) 145 (14 %) ​

≥75d 460 (10
%)

>436 (>13
%)

<20 (<2 %) ​

Ethnicity and Race ​ ​ ​ <0.001
Hispanic or Latino/a/
e/x

1102 (25
%)

823 (25 %) 279 (27 %) ​

Non-Hispanic Black 684 (16
%)

477 (14 %) 207 (20 %) ​

Non-Hispanic White 2442 (55
%)

1922 (57 %) 520 (49 %) ​

Non-Hispanic Asian,
MENA/NHPI/AIAN,
Other/Multiracial

180 (4 %) 135 (4 %) 45 (4 %) ​

Highest Level of
Education

​ ​ ​ <0.001

Less than HS/GED 500 (11
%)

343 (10 %) 157 (15 %) ​

HS/GED 1005 (23
%)

736 (22 %) 269 (26 %) ​

Some College 1549 (35
%)

1160 (35 %) 389 (37 %) ​

College Degree 878 (20
%)

716 (21 %) 162 (15 %) ​

Advanced Degree 476 (11
%)

402 (12 %) 74 (7 %) ​

Annual Household
Income

​ ​ ​ <0.001

<$10,000 947 (22
%)

569 (17 %) 378 (36 %) ​

$10,000-$24,999 1437 (33
%)

1044 (31 %) 393 (37 %) ​

$25,000-$34,999 858 (20
%)

712 (21 %) 146 (14 %) ​

$35,000-$49,999 1166 (27
%)

1032 (31 %) 134 (13 %) ​

Cohabitating or Married 1367 (31
%)

1104 (33 %) 263 (25 %) <0.001

Congestive Heart Failure
(CHF)

160 (4 %) 110 (3 %) 50 (5 %) 0.032

Heavy Drinking, past
12Ma

1849 (42
%)

1302 (39 %) 547 (52 %) <0.001

Stimulant Use, past 3Mb 153 (4 %) 74 (2 %) 79 (8 %) <0.001
Current Smokerc 987 (22

%)
595 (18 %) 392 (37 %) <0.001

BMI, kg/m2 ​ ​ ​ 0.124
Underweight, <18.5d 33 (1 %) >21 (>1 %) <20 (<2 %) ​
Healthy weight,
18.5–24.9

820 (19
%)

630 (19 %) 190 (18 %) ​

Overweight, 25.0–29.9 1327 (30
%)

1035 (31 %) 292 (28 %) ​

Obese, ≥30.0d 2228 (51
%)

>1659 (>49
%)

>549 (>52
%)

​

Diabetes mellitus 1120 (25
%)

808 (24 %) 312 (30 %) <0.001

(continued on next page)
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medical interventions towards addressing broader social determinants
of health.

There are some possible limitations in this study. Although we
demonstrated an association between housing instability and CHF risk,
we cannot assume housing instability causes CHF. Limitations inherent
to the All of Us Research Program and how it accepts participants into its
database also affected this study. The program requires enrollment
through their online platform, meaning those without access to a phone,
computer, or internet connection are excluded. Housing instability was
ascertained based on a self-reported survey at a single time point, which
would not capture the dynamic nature of how housing situations change
over time. Furthermore, we exclude patients without at least one form of
EHR contact at least 365 days after the initial All of Us Basics survey
response and those with missing income data. Due to these limitations,
we have likely underestimated both the prevalence of housing insta-
bility, and its impact on this vulnerable patient population. We used an
income threshold of $50,000 to define the upper bound of our final
analytic sample. Although the multivariable (adjusted) hazard ratio for
housing instability in the larger sample (composed of all with complete
data, without regard of annual household income) was statistically
significant (HR 2.11; 95 %CI 1.54, 2.90, p < 0.001), we believe more
research is needed to investigate housing instability at higher income
levels. We present results within the intersection of limited economic
resources and the economic challenges associated with accessing med-
ical care and maintaining a chronic health condition.

The Cox regression used in our analysis estimates propensity of the
sample to develop CHF. We need EHR data to confirm with certainty
whether an individual developed CHF as well as to verify their mortality
status. This will exclude those who do not receive medical care at a site
that shares data with All of Us. This approach ensures data integrity, but
potentially introduces selection bias as these requirements dispropor-
tionately exclude lower socioeconomic groups facing the most barriers
to regular medical care. Nonetheless, the All of Us Research Program is
enriched for groups traditionally underrepresented in biomedical
research and we are still capturing communities that would typically not
be included in this type of study. Lastly, our classification of CHF relied
on ICD codes from the EHR, which are subject to physician input and
interpretation. This introduces potential random misclassification of
CHF diagnoses, which would have most likely biased our estimates to-
wards the null. These limitations mean we are highly underestimating
how much housing impacts health in our study.

Future research should support analyses to evaluate the health ef-
fects of housing-related programs. We suggest examination of multi-
level constructs that include individual and contextual factors such as
social determinants of health (e.g., neighborhood characteristics, food
insecurity, transportation, and healthcare access, etc.), as well as
participation in other social services/programs like Supplemental
Nutrition Assistance Program (SNAP), Special Supplemental Nutrition
Program for Women, Infants, and Children (WIC), neighborhood revi-
talization, rental assistance, eviction prevention, or other programs.
This comprehensive approach will evaluate how these factors may

interact to impact prevention, onset, progression, and treatment of
chronic disease and other health conditions.

Housing instability is one SDOH among a dynamic group of factors

Table 1 (continued )

Characteristic Total
(n =

4408)

No Housing
Concern
(n = 3357)

Housing
instability
(n = 1051)

p

Systolic Blood Pressure
≥130 mmHg

1902 (43
%)

1449 (43 %) 453 (43 %) 0.999

Cholesterol Ratio, Total/
HDL (mean (sd))

3.60
(1.19)

3.54 (1.14) 3.82 (1.32) <0.001

a ≥6 drinks in one occurrence in last year or heavy alcohol consumption
indicated in EHR;.
b cocaine, other stimulant (e.g. methamphetamine), prescription stimulant

use in last 3 months or stimulant use indicated in EHR;.
c cigarette smoking or e-cigarette use reported at least 1 day each week.
d quantities masked in adherence to All of Us dissemination protocol.

Table 2
Analysis Results for Household Income < $50K.

Univariable Cox
Regression

Multivariable Cox
Regression

Characteristic HR 95 %
CI

p HR 95 %
CI

p

Housing instability
(ref no housing
concern)

1.44 1.03,
2.01

0.033 1.73 1.19,
2.51

0.004

Cisgender Woman (ref
Man)

0.52 0.38,
0.70

<0.001 0.61 0.44,
0.85

0.003

Age, yrs ​ ​ ​ ​ ​ ​
18–44 yrs (ref) ​ ​ ​ ​ ​ ​
45–54 2.11 1.11,

4.01
0.022 1.61 0.84,

3.09
0.151

55–64 2.14 1.17,
3.92

0.014 1.88 1.01,
3.51

0.047

65–74 2.92 1.63,
5.24

<0.001 3.46 1.83,
6.54

<0.001

≥75 5.78 3.19,
10.47

<0.001 9.07 4.56,
18.01

<0.001

Ethnicity and Race ​ ​ ​ ​ ​ ​
Non-Hispanic White
(ref)

​ ​ ​ ​ ​ ​

Hispanic or Latino/
a/e/x

0.41 0.26,
0.65

<0.001 0.51 0.30,
0.87

0.014

Non-Hispanic Black 0.88 0.58,
1.33

0.534 0.98 0.63,
1.55

0.945

Non-Hispanic Asian,
MENA/NHPI/

AIAN,
Other/Multiracial

0.51 0.19,
1.39

0.188 0.70 0.26,
1.93

0.492

Highest Level of
Education

​ ​ ​ ​ ​ ​

HS/GED (ref) ​ ​ ​ ​ ​ ​
Less than HS/GED 0.71 0.41,

1.25
0.239 0.85 0.47,

1.55
0.601

Some College 0.74 0.50,
1.11

0.146 0.72 0.48,
1.08

0.111

College Degree 0.74 0.47,
1.18

0.206 0.76 0.47,
1.23

0.259

Advanced Degree 0.64 0.36,
1.15

0.137 0.66 0.35,
1.21

0.178

Cohabitating or
Married

0.92 0.66,
1.29

0.633 0.95 0.67,
1.35

0.788

Heavy Drinking, past
12 M (ref none)a

0.95 0.69,
1.30

0.748 1.21 0.85,
1.73

0.284

Stimulant Use, past 3
M (ref none)b

0.97 0.40,
2.38

0.955 0.88 0.35,
2.24

0.788

Current Smoker (ref
nonsmoker)c

1.18 0.82,
1.69

0.371 1.29 0.85,
1.96

0.229

BMI, kg/m2 ​ ​ ​ ​ ​ ​
Healthy weight
18.5–24.9 (ref)

​ ​ ​ ​ ​ ​

Underweight <18.5 1.45 0.19,
10.78

0.719 1.41 0.19,
10.71

0.738

Overweight
25.0–29.9

1.20 0.70,
2.07

0.502 0.95 0.55,
1.64

0.844

Obese ≥30.0 1.86 1.15,
3.01

0.011 1.59 0.96,
2.65

0.072

Diabetes mellitus 2.54 1.87,
3.47

<0.001 2.35 1.69,
3.26

<0.001

Systolic Blood
Pressure ≥130
mmHg

1.30 0.95,
1.77

0.100 0.90 0.65,
1.23

0.495

Cholesterol Ratio
(Total/HDL)

1.18 1.06,
1.32

0.004 1.18 1.05,
1.34

0.007

a ≥6 drinks in one occurrence in last year or heavy alcohol consumption
indicated in EHR.
b cocaine, other stimulant (e.g. methamphetamine), prescription stimulant

use in last 3 months or stimulant use indicated in EHR.
c cigarette smoking or e-cigarette use reported at least 1 day each week.
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that disproportionately affect marginalized populations in our commu-
nities. Interventions targeting housing instability could significantly
reduce the prevalence and severity of chronic diseases like CHF, but
more research is needed. Addressing this research gap will help support
and guide public health initiatives, leading to improved outcomes not
only for CHF but also overall population health. In our study, we have
shown how housing plays a critical role in cardiovascular health and
chronic disease, specifically in the occurrence of CHF. It is urgent for
policymakers and public health practitioners to view housing as a tool to
improve and prevent health disparities. The upfront cost of more
affordable housing and supportive services will likely offset the down-
stream costs of hospitalizations and healthcare spending on chronic
disease. We need public and private housing providers to create more
equitable housing opportunities and effectively targeted solutions to
help those long affected by housing disparities.

“The All of Us Research Program is supported by the National In-
stitutes of Health, Office of the Director: Regional Medical Centers: 1
OT2 OD026549; 1 OT2 OD026554; 1 OT2 OD026557; 1 OT2
OD026556; 1 OT2 OD026550; 1 OT2 OD 026552; 1 OT2 OD026553; 1
OT2 OD026548; 1 OT2 OD026551; 1 OT2 OD026555; IAA #: AOD
16037; Federally Qualified Health Centers: HHSN 263201600085 U;
Data and Research Center: 5 U2C OD023196; Biobank: 1 U24
OD023121; The Participant Center: U24 OD023176; Participant Tech-
nology Systems Center: 1 U24 OD023163; Communications and
Engagement: 3 OT2 OD023205; 3 OT2 OD023206; and Community
Partners: 1 OT2 OD025277; 3 OT2 OD025315; 1 OT2 OD025337; 1 OT2
OD025276. In addition, the All of Us Research Program would not be
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