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sectional study

Atsushi Miyawaki

ABSTRACT

Objectives Evidence suggests that homeless patients
experience worse quality of care and poorer health
outcomes across a range of medical conditions. It remains
unclear, however, whether differences in care delivery

at safety-net versus non-safety-net hospitals explain
these disparities. We aimed to investigate whether
homeless versus non-homeless adults hospitalised for
cardiovascular conditions (acute myocardial infarction
(AMI) and stroke) experience differences in care delivery
and health outcomes at safety-net versus non-safety-net
hospitals.

Design Cross-sectional study.

Setting Data including all hospital admissions in four
states (Florida, Massachusetts, Maryland, and New York)
in 2014.

Participants We analysed 167 105 adults aged 18 years
or older hospitalised for cardiovascular conditions (age
mean=64.5 years; 75 361 (45.1%) women; 2123 (1.3%)
homeless hospitalisations) discharged from 348 hospitals.
Outcome measures Risk-adjusted diagnostic and
therapeutic procedure and in-hospital mortality, after
adjusting for patient characteristics and state and quarter
fixed effects.

Results At safety-net hospitals, homeless adults
hospitalised for AMI were less likely to receive coronary
angiogram (adjusted OR (aOR), 0.42; 95% Cl, 0.36 to 0.50;
p<0.001), percutaneous coronary intervention (aOR, 0.52;
95% Cl, 0.44 to 0.62; p<0.001) and coronary artery bypass
graft (aOR, 0.43; 95%Cl, 0.26 to 0.71; p<0.01) compared
with non-homeless adults. Homeless patients treated for
strokes at safety-net hospitals were less likely to receive
cerebral arteriography (aOR, 0.23; 95% Cl, 0.16 to 0.34;
p<0.001), but were as likely to receive thrombolysis
therapy. At non-safety-net hospitals, we found no evidence
that the probability of receiving these procedures differed
between homeless and non-homeless adults hospitalised
for AMI or stroke. Finally, there were no differences in in-
hospital mortality rates for homeless versus non-homeless
patients at either safety-net or non-safety-net hospitals.
Conclusion Disparities in receipt of diagnostic and
therapeutic procedures for homeless patients with
cardiovascular conditions were observed only at safety-
net hospitals. However, we found no evidence that these
differences influenced in-hospital mortality markedly.
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Strengths and limitations of this study

» To investigate disparities in cardiovascular care and
outcomes for homeless versus non-homeless pa-
tients by the hospital safety-net status, we analysed
the combined data, including all hospital admissions
and the hospital characteristics in four US states.

» The states in our sample represented approximately
30% of the US homeless population.

» We could not fully account for unmeasured con-
founders that might be related to processes of care
among homeless adults, such as the severity of cer-
tain medical or psychosocial conditions.

» We were unable to identify mechanisms for why the
disparity in care intensity was observed at safety-
net hospitals but not non-safety-net hospitals.

INTRODUCTION

An estimated 3.5million Americans expe-
rience homelessness annually,' and 1 in 25
US adults experience homelessness during
their lifetimes.” Homelessness is defined by
the US Department of Housing and Urban
Development as lacking ‘a fixed, regular,
and adequate nighttime residence’.” It also
includes those at imminent risk of home-
lessness and individuals fleeing domestic
violence. Homeless individuals suffer high
levels of medical and psychiatric illnesses®
and face substantial barriers to meeting basic
social and healthcare needs, leading to high
rates of premature disability and death.’
Cardiovascular disease—a leading cause of
death and disability for all populations—is
particularly burdensome for homeless indi-
viduals,” who have less access to the preven-
tive and routine care needed to effectively
manage these conditions and tend to have
more cardiovascular risk factors.”® Compared
with the general population, homeless indi-
viduals have higher rates of hypertension,
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diabetes, dyslipidaemia,” smoking,” '’ substance use
disorder’ "' and unhealthy diet,'”” and they are two to
five times more likely to die of cardiovascular disease.® '
Understanding the mechanisms for these disparities, and
what can be done to narrow them, is critical for improving
outcomes for homeless populations.

Research has found that homeless patients experience
poor transitional care,' which may lead to suboptimal
patterns of healthcare utilisation, including early and
frequent readmissions.”” '° The extent to which home-
less patients with cardiovascular conditions also receive
different in-hospital care remains incompletely charac-
terised, but one recent study found that they were less
likely to undergo diagnostic and therapeutic procedures
and more likely to experience in-hospital death.'” Little is
known, however, about whether these disparities differ by
the type of hospital in which homeless patients are cared
for.

To address this knowledge gap, in this study, we inves-
tigated whether care delivery and health outcomes for
homeless patients differed by whether they were cared
for at safety-net versus non-safety-net hospitals. Safety-net
hospitals provide care to patients regardless of ability to pay
and treat many poor and underserved patients, including
those who are homeless.'® While safety-net hospitals play
a vital role in the US healthcare system, they are often
underresourced,' and some prior work has shown the
lower quality of care at safety-net versus non-safety-net
hospitals, including for cardiovascular care.'™ Tt is not
clear, however, whether differences in care delivered at
safety-net institutions influence outcomes for homeless
patients with cardiovascular disease.

Using statewide databases of all hospital admissions in
four large, diverse states, we sought to answer three key
questions. First, are homeless adults less likely to undergo
diagnostic and therapeutic procedures at safety-net and
non-safety-net hospitals compared with non-homeless
adults? Second, if so, do these disparities differ by the
cardiovascular condition for which patients were hospital-
ised? Lastly, do homeless adults hospitalised for cardiovas-
cular conditions experience higher in-hospital mortality
rates at safety-net and non-safety-net hospitals?

METHODS

Data sources

This cross-sectional study used the 2014 State Inpa-
tient Database (SID) from four states (Florida, Mary-
land, Massachusetts and New York). The SID data were
collected by the Healthcare Cost and Utilization Project
of the Agency for Healthcare Research and Quality
(AHRQ).” The AHRQ collected these data through state-
wide data organisation for each state, to which hospitals
were required to submit hospital claims data at discharge,
including clinical and demographic information.?” The
SID includes all inpatient discharge records from acute
care hospitals in a state, regardless of the source of
hospital admission or insurance status. These four states

were selected because of their geographic and socio-
demographic diversity, as well as the availability of the
homeless indicator and unique patient identifier.”®*® The
states in our sample represent approximately 30% of the
US homeless population in 2014.* We incorporated data
on hospital characteristics from Medicare Provider Cost
Report files® (for the Medicare disproportionate share
hospital (DSH) patient percentage) and the AHA Annual
Survey database”" (for teaching status, profit status, rural-
urban commuting area (RUCA) classification, hospital
size and the presence of a medical or cardiac intensive
care unit (ICU)).

Study sample

We included all adults aged 18 years or older who were
discharged dead or alive from acute care hospitals in
2014 with three primary diagnoses: (1) acute myocar-
dial infarction (AMI) and (2) stroke. Each primary diag-
nosis of cardiovascular conditions was identified using
the International Classification of Diseases, Ninth Revision,
Clinical Modification codes (the codes for each condition
are shown in online supplemental table Al in the online
supplemental material).'” ** Of the 194144 hospitalisa-
tions in our initial sample, we excluded 27009 hospi-
talisations (13.9%) with missing data on at least one
of exposure, outcome or adjustment variables stated
below (The missing data were observed primarily for
the following three variables: hospital safety-net status,
homeless status and race/ethnicity, for which 20 167
(10.4%), 4173 (2.1%) and 4101 (2.1%) hospitalisations
had missing data, respectively). Excluding patients with
missing race/ethnicity would be important because it was
considered as a confounder in the relationship between
homelessness and receipt of procedures and in-hospital
mortality.” Our final analytic sample consisted of 167105
hospital discharges.

Exposure variables

The primary exposure variables of interest were (1)
homeless status (homeless vs non-homeless) and (2)
hospital safety-net status (safety-net vs non-safety-net).
The SID includes the indicator variable for homeless
status directly reported by hospital staff at the time of
death or discharge alive and has been used in previous
AHRQ reports®™ ** and in other studies.'” % Since this
identification of homeless status is based on information
collected at hospital discharge, it represents the home-
lessness at the time of hospitalisations.

We defined ‘safety-net hospital’ using the Medicare DSH
patient percentage, which is a measure the proportion of
Medicaid and uninsured individuals a hospital serves.”
We defined safety-net hospitals as those in the highest
decile of DSH patient percentage; the remaining 90% of
hospitals were classified as non-safety-net hospitals.””

Outcome variables
The outcomes of interest were (1) receipt of diagnostic
and therapeutic procedures, and (2) in-hospital mortality
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after hospitalisation for each cardiovascular condition.
Diagnostic and therapeutic procedures included coro-
nary angiogram, PCI and coronary artery bypass grafting
(CABG) for AMI; and cerebral arteriography and throm-
bolysis for stroke. Outcomes were also examined by type
of AMI (ST-elevation myocardial infarction (STEMI) or
non-ST-elevation myocardial infarction (non-STEMI))
and by type of stroke (haemorrhagic or ischaemic).

Adjustment variables

We adjusted for patient characteristics and state and
quarter fixed effects. Patient characteristics include age,
sex, race and ethnicity (non-Hispanic white, non-Hispanic
black, Hispanic and other), the primary payer (Medicare,
Medicaid, private insurance, self-pay and other) and
indicator variables for 29 comorbidities included in Elix-
hauser comorbidity index (derived from the same hospi-
talisation).™ State and quarter fixed effects account for
both measured and unmeasured (time-invariant) charac-
teristics of states and quarter (time trend), allowing us
to effectively compare patient outcomes within the same
state and quarter.”

Statistical analysis

First, we compared (1) patient characteristics and
proportion of being treated at safety-net hospitals
between homeless and non-homeless patients hospi-
talised for cardiovascular conditions, and (2) hospital
characteristics between safety-net hospitals and non-
safety-net hospitals. Second, we constructed a multivari-
able logistic regression model with the interaction term
between patients’ homelessness and treating hospitals’
safety-net status. We adjusted for patient characteristics
(stated in the ‘Adjustment variables’ subsection) and
state and quarter fixed effects. We formally tested the
interaction between homeless status and hospital safe-
ty-net status using a Wald test. SEs were clustered at the
hospital-level to account for a potential correlation of
patients treated at the same hospital.*® To account for
multiple comparisons, we considered a p value <0.025
as statistically significant (homeless vs non-homeless at
safety-net and non-safety-net hospitals). This calcula-
tion was conducted for each cardiovascular condition
and then repeated for subtypes of each condition (eg,
STEMI or non-STEMI).

Finally, we calculated the risk-adjusted rates of diag-
nostic/therapeutic procedures and in-hospital death for
each of four patient groups (homeless patients at safe-
ty-net hospitals, homeless patients at non-safety-net hospi-
tals, non-homeless patients at safety-net hospitals and
non-homeless patients at non-safety-net hospitals) using
marginal standardisation form of predictive margins;
for each hospitalisation, we calculated predicted proba-
bilities of undergoing procedures with patient homeless
status and hospital safety-net status fixed at each level and
then averaged over the distribution of covariates in our
sample.*’

Secondary analyses

We conducted a series of secondary analyses. First, to
examine how hospital characteristics contribute to asso-
ciations between safety-net status and homeless and
non-homeless patients’ outcomes, we further adjusted
for hospital characteristics including the profit status
(for-profit, non-profit and public), RUCA (urban,
suburban, large rural and small rural), hospital size
(large (400+beds), medium (100-399 beds) and small
(1-99 beds)) and the presence of a medical or cardiac
Icu. Second, we examined alternative cut-offs to define
hospital safety-net status, whereby we considered hospi-
tals in the highest quartile of DSH patient percentage as
safety-net hospitals.”*™** Finally, we conducted a sensitivity
analysis in which we included all the missing as a separate
category (eg, non-Hispanic white, non-Hispanic black,
Hispanic, others and ‘missing’ in the race/ethnicity cate-
gory). All the analyses were conducted by using Stata V.15
(StataCorp, 2017).

Patient and public involvement

Data were derived from administrative records, so no
patients were involved in setting the research question or
the outcome measures nor were they involved in devel-
oping plans or implementation of the study. No patients
were asked to advise on interpretation or writing up of
results.

RESULTS

Baseline characteristics

Of 167105 hospitalisations for cardiovascular conditions
in our sample, 2123 (1.3%) occurred among patients
who were homeless. Homeless patients were, on average,
younger, more likely to be racial and ethnic minorities,
enrolled in Medicaid and have diabetes and substance
use disorders (table 1). We found that around 90% of
homeless hospitalisations occurred at safety-net hospitals.

Characteristics of safety-net hospitals and non-safety-net
hospitals

The DSH patient percentage differed substantially
for safety-net hospitals versus non-safety-net hospitals
(median, 48% vs 12%) (table 2). Safety-net hospitals
were more likely to be public, medium-size, for-profit
and teaching hospitals located in urban areas. The pres-
ence of an MICU or CICU and the distribution of yearly
number of hospitalisations for AMI/stroke were similar
between safety-net and non-safety-net hospitals.

Homeless patients with AMI

We found thathomeless patients hospitalised for AMIwere
less likely to undergo coronary angiogram compared with
non-homeless patients at safety-net hospitals (adjusted
procedure rate, 37.7% for homeless patients vs 55.6% for
non-homeless patients; adjusted OR (aOR), 0.42; 95% CI,
0.36 to 0.50; p<0.001), PCI (25.7% vs 37.8%; aOR, 0.52;
95% CI, 0.44 to 0.62; p<0.001) and CABG (2.7% vs 5.7%;
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Table 1 Characteristics of hospitalisations for cardiovascular diseases

Patients, no (%)

Homeless Non-homeless Overall
Characteristics (n=2123) (n=164982) (n=167105)
Acute myocardial infarction 974 (44.8) 83294 (49.6) 84268 (49.5)
Non-STEMI 776 (35.7) 60454 (36.0) 61230 (36.0)
STEMI 198 (9.1) 22840 (13.6) 23038 (13.5)
Stroke 1149 (52.9) 81688 (48.6) 82837 (48.6)
Haemorrhagic 304 (14.0) 17641 (10.5) 17945 (10.5)
Ischaemic 845 (38.9) 64047 (38.1) 64892 (38.1)
Age, mean (SD), years 64.5 (14.5) 69.6 (14.5) 69.5 (14.5)
Female sex 968 (45.6) 74393 (45.1) 75361 (45.1)
Race/ethnicity
Non-Hispanic white 406 (19.1) 108648 (65.9) 109054 (65.3)
Non-Hispanic black 674 (31.8) 26020 (15.8) 26694 (16.0)
Hispanic 519 (24.5) 17581 (10.7) 18100 (10.8)
Others 524 (24.7) 12733 (7.7) 13257 (7.9)
Insurance
Medicare 858 (40.4) 15948 (64.2) 106806 (63.9)
Medicaid 1132 (53.3) 16604 (10.1) 17736 (10.6)
Private 48 (2.3) 33913 (20.6) 33961 (20.3)
Self-pay 85 (4.0) 8517 (5.2) 8602 (5.2)
Comorbidities (selected)
Congestive heart failure 436 (20.5) 40681 (24.7) 41117 (24.6)
Valvular disease 122 (5.8) 22389 (13.6) 22511 (13.5)
Peripheral vascular disease 101 (4.8) 17454 (10.6) 17555 (10.5)
Hypertension 1712 (80.6) 132701 (80.4) 134413 (80.4)
Diabetes 945 (44.5) 61337 (37.2) 62282 (37.3)
Renal failure 371 (17.5) 30448 (18.5) 30819 (18.4)
Alcohol abuse 169 (8.0) 7150 (4.3) 7319 (4.4)
Drug abuse 177 (8.3) 5255 (3.2) 5432 (3.3)
Treated at safety-net hospitals 1928 (90.8) 11606 (7.0) 13534 (8.1)

STEMI, ST-elevation myocardial infarction.; .

aOR, 0.43; 95% CI, 0.26 to 0.71; p<0.01), after adjusting
for patient characteristics and state and quarter fixed
effects (figure 1 and online supplemental table A2). In
the subgroups of patients with non-STEMI, homeless
patients had lower odds of coronary angiogram (33.5%
vs 48.5%; aOR, 0.48; 95% CI, 0.40 to 0.58; p<0.001), PCI
(17.1% vs 26.9%;aOR, 0.53;95% CI, 0.43 to 0.66; p<0.001)
and CABG (2.9% vs 6.3%; aOR, 0.41; 95%CI, 0.24 to
0.71; p<0.01) compared with non-homeless patients. In
the subgroup of STEMI patients, the trend was similar,
though the difference was statistically significant only for
coronary angiogram (54.5% vs 75.1%; aOR, 0.33; 95% CI,
0.23 to 0.47; p<0.001). We found no evidence of differ-
ences in in-hospital mortality rate between homeless and
non-homeless patients with AMI at safety-net hospitals.

At non-safety-net hospitals, we found no differences in
the odds of receiving coronary angiogram, PCI or CABG
for homeless versus non-homeless patients hospitalised
for AMI, including STEMI or non-STEMI. The formal
test of interaction between homeless status and safety-net
status was statistically significant for a coronary angiogram
(p<0.01), indicating that the disparity in care intensity
between homeless and non-homeless patients differed by
hospital safety-net status (online supplemental table A2).
We found no evidence that in-hospital mortality differed
between homeless and non-homeless patients with AMI at
non-safety-net hospitals.

Homeless patients with stroke
Among adults hospitalised for stroke, homeless adults
were less likely to receive cerebral arteriography (2.4% vs
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Table 2 Hospital characteristics

Hospitals, No (%)

Safety-net hospitals Non-safety-net hospitals Overall

Characteristics (n=36) (n=312) (n=348)
Hospital size

Small (1-99 beds) 1(2.8) 46 (14.7) 47 (13.5)

Medium (100-299 beds) 25 (69.4) 186 (59.6) 211 (60.6)

Large (300+beds) 10 (27.8) 80 (25.6) 90 (25.9)
Teaching status

Major teaching 5(13.9) 41 (13.1) 46 (13.2)

Minor teaching 18 (50.0) 104 (33.3) 122 (35.1)

Non-teaching 13 (36.1) 167 (53.5) 180 (51.7)
Profit status

For profit 1 (30.6) 60 (19.2) 71 (20.4)

Not for profit 12 (33.3) 225 (72.1) 237 (68.1)

Public 13 (36.1) 27 (8.7) 40 (11.5)
RUCA*

Urban 36 (100.0) 237 (77.0) 273 (79.4)

Suburban 0 (0.0) 8 (5.8) ( 2)

Large rural 0 (0.0 35 (11.4) 5(10.2)

Small rural 0(0.0) 8 (5.8) ( 2)
Medical ICU 28 (77.8) 242 (77.6) 270 (77.6)
Cardiac ICU 15 (41.7) 146 (46.8) 161 (46.3)
DSH percentage, median (IQR) 48 (38-60) 12 (7-19) 2 (8-24)
No of hospitalisations/year, median (IQR)t

Acute myocardial infarction 10 (0-115) 14 (0-230) 14 (0-210)

Stroke 15 (0-202) 0 (0-142) 0 (0-143)

*RUCA codes were missing for four non-safety-net hospitals.

1The numbers of hospitalisations for acute myocardial infarction and stroke recorded for each hospital in 2014 were summarised overall and

by hospital safety-net status.

.DSH, disproportionate share hospitals; ICU, intensive care unit; RUCA, rural-urban commuting area.

8.7%; aOR, 0.23; 95% CI, 0.16 to 0.34; p<0.001) (figure 2
and online supplemental table A3). This pattern was
similar for individuals with haemorrhagic stroke (7.8%
vs 16.2%; aOR, 0.37; 95% CI, 0.23 to 0.60; p<0.001) and
ischaemic stroke (0.9% vs 6.5%; aOR, 0.12; 95% CI, 0.06
to 0.24; p<0.001).

At safety-net hospitals, homeless adults with ischaemic
stroke were as likely to undergo thrombolysis as non-
homeless adults (7.8% vs 9.0%; aOR, 0.90; 95% CI, 0.38
to 2.11; p=0.80). We found no evidence of differences in
in-hospital mortality between homeless and non-homeless
adults hospitalised for stroke at safety-net hospitals.

At non-safety-net hospitals, we found no evidence
that the probability of receiving cerebral arteriography
or thrombolysis differed between homeless versus non-
homeless adults hospitalised for stroke (including both
haemorrhagic and ischaemic stroke). The formal test
of interaction between homeless status and safety-net
status was statistically significant for cerebral arteriog-
raphy among overall patients and patients who had an

ischaemic stroke (p<0.01). We found no evidence that
in-hospital mortality rates differed between homeless
and non-homeless adults hospitalised for stroke at non-
safety-net hospitals.

Secondary analyses

Our findings were qualitatively unaffected after addi-
tional adjustment for hospital characteristics, although
the interaction between homeless status and safety-net
status for cerebral arteriography was no longer statistically
significant for overall hospitalisations for stroke (online
supplemental table A4 and table A5). Nevertheless, the
patterns underlying how less likely homeless adults were
to underwent procedures compared with non-homeless
adults were similar at both safety-net and non-safety-net
hospitals. Our findings were also not sensitive to using the
alternative definition of hospital safety-net status (consid-
ering safety-net hospitals to be in the top quartile of the
DSH patient percentage) (online supplemental table A6
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A. Safety-Net Hospitals

Acute Myocardial Infarction (Overall)

Adjusted OR (95% Cl)

Coronary Angiogram @ 0.42 (0.36, 0.50)
PCl H@H 0.52 (0.44, 0.62)
CABG —— 0.43 (0.26, 0.71)
In-hospital death —@i— 0.85 (0.59, 1.23)
Non-STEMI
Coronary Angiogram @ 0.48 (0.40, 0.58)
pCl o 0.53 (0.43, 0.66)
CABG —— 0.41(0.24,0.71)
In-hospital death —— 0.81(0.49, 1.36)
STEMI
Coronary Angiogram —@— 0.33(0.23,0.47)
pCl = 0.77 (0.54, 1.08)
CABG —_———— 0.35(0.09, 1.43)
In-hospital death —— 1.07 (0.59, 1.93)
B. Non-Safety-Net Hospitals
Acute Myocardial Infarction (Overall)
Coronary Angiogram — 0.92 (0.54, 1.55)
PCI — @ 0.81(0.52, 1.25)
CABG — 0.77 (0.38, 1.55)
In-hospital death — 1.44 (0.61, 3.37)
Non-STEMI
Coronary Angiogram —— 0.98 (0.52, 1.84)
pCl —— 0.76 (0.42, 1.40)
CABG — 0.91(0.41,2.01)
In-hospital death ® 0.54 (0.08, 3.87)
STEMI
Coronary Angiogram —— 0.71 (0.26, 1.90)
PCI — 0.73 (0.34, 1.58)
CABG L 4 0.55 (0.13, 2.39)
In-hospital death R S S— 2.04 (0.58, 7.16)
0.01 0.I1 1 1I0

Figure 1

Adjusted OR (95% CI)

Risk-adjusted ORs of diagnostic/therapeutic procedures and in-hospital death for homeless adults hospitalised

for AMI compared with non-homeless adults at safety-net and non-safety-net hospitals. For both safety-net and non-safety-
net hospitals, adjusted ORs (black circles) for diagnostic and therapeutic procedures and in-hospital death among homeless
patients (vs non-homeless patients) are presented with 95%Cls (horizontal lines). We used multivariate logistic regression
adjusted for patient characteristics (including the primary diagnosis at index admission, age, sex, race/ethnicity, primary payers
and comorbidities) and quarter and state indicator variables (quarter and state fixed-effects). AMI, acute myocardial infarction;
CABG, Coronary artery bypass grafting; PCI, percutaneous coronary intervention; STEMI, ST-elevation myocardial infarction.

and table A7) and including all the missing as a separate
category (online supplemental table A8 and table A9).

DISCUSSION
In this study of hospitalisations for cardiovascular condi-
tions across four diverse states, we found that homeless
adults were less likely to receive diagnostic and thera-
peutic procedures at safety-net but not non-safety-net
hospitals. Specifically, at safety-net hospitals, homeless
adults hospitalised for AMI were less likely to receive
coronary angiogram, PCI or CABG; those presenting with
stroke were less likely to receive cerebral angiography.
However, in-hospital mortality rates did not differ from
homeless or non-homeless adults at either safety-net or
non-safety-net hospitals.

It is unclear why these disparities exist at safety-net
hospitals, but there may be several potential mechanisms.

First, many safety-net hospitals have relatively few finan-
cial and human resources compared with non-safety-net
hospitals, resulting in inadvertent disparities in care
delivery.'® Second, homeless individuals may be thought
less likely to be able to adhere to needed follow-up care
after certain procedures (eg, antiplatelet therapy after
PCI). Third, homeless patients may experience delays in
receiving healthcare services and, therefore, may be less
likely to benefit from certain procedures. Fourth, home-
less adults hospitalised at safety-net hospitals might have
more frequent admissions.* If they were hospitalised for
AMI or stroke recently and already received diagnostic/
therapeutic procedures, they might be less likely to receive
a repeated procedure in a subsequent hospitalisation.
While homeless adults underwent procedures at lower
rates at safety-net hospitals, we did not find marked differ-
ences in in-hospital mortality. These results may suggest

6

Miyawaki A, et al. BMJ Open 2021;11:€046959. doi:10.1136/bmjopen-2020-046959


https://dx.doi.org/10.1136/bmjopen-2020-046959
https://dx.doi.org/10.1136/bmjopen-2020-046959

A. Safety-Net Hospitals

Stroke (overall)

Adjusted OR (95% Cl)

Cerebral arteriography —o— 0.23 (0.16, 0.34)
In-hospital death = o 1.02 (0.81, 1.30)
Hemorrhagic stroke
Cerebral arteriography —@—i 0.37 (0.23, 0.60)
In-hospital death — g 0.91 (0.65, 1.27)
Ischemic Stroke
Cerebral arteriography —— 0.12 (0.06, 0.24)
Thrombolysis — 0.90(0.38, 2.11)
In-hospital death —H@— 1.18 (0.82, 1.68)
B. Non-Safety-Net Hospitals
Stroke (overall)
Cerebral arteriography [ 0.74 (0.34,1.58)
In-hospital death — —i— 0.58 (0.21, 1.59)
Hemorrhagic stroke
Cerebral arteriography — 1 0.43 (0.13, 1.41)
In-hospital death —_—————i——i 0.37 (0.09, 1.62)
Ischemic Stroke
Cerebral arteriography — 1.06 (0.38, 2.95)
Thrombolysis — e 0.90 (0.38, 2.11)
In-hospital death — 1.07 (0.27, 4.22)

0.01 0.1

1 10
Adjusted OR (95% Cl)

Figure 2 Risk-adjusted ORs of diagnostic/therapeutic procedures and in-hospital death for homeless adults hospitalised for
stroke compared with non-homeless adults at safety-net and non-safety-net hospitals. For both safety-net and non-safety-

net hospitals, adjusted ORs (black circles) for diagnostic and therapeutic procedures and in-hospital death among homeless
patients (vs non-homeless patients) are presented with 95%Cls (horizontal lines). We used multivariate logistic regression
adjusted for patient characteristics (including the primary diagnosis at index admission, age, sex, race/ethnicity, primary payers
and comorbidities) and quarter and state indicator variables (quarter and state fixed-effects).

that fewer procedures may not necessarily increase in-hos-
pital mortality rates, though other recent studies have
found associations between procedure rate and in-hos-
pital mortality rate in the general population hospitalised
with cardiovascular conditions.*® *’ Given that the only
patient outcome we were able to assess was in-hospital
mortality rate, however, it is possible that lack of diag-
nostic or therapeutic procedures influences other imme-
diate outcomes—such functional status or longer-term
outcomes like disability and mortality at 1year—which
should be studied in future research.

Our findings are consistent with prior research,
suggesting thathomeless patients experience alowerinten-
sity of care compared with non-homeless patients.” '* '
A qualitative study conducted in Connecticut reported a
lack of coordination between hospitals and social services
at discharge for homeless patients.'* Another study found
that homeless compared with non-homeless patients
were less likely to receive diagnostic and therapeutic
care in hospitalisations for cardiovascular conditions."”
These lower intensity of care among homeless patients
were considered attributable to several factors, including
social/financial barriers, housing and transportation
challenges, alcohol abuse or mental illness, discrimina-
tion within the healthcare system and inadequate social

support after receiving care.” However, how the charac-
teristics of hospitals where homeless patients received
care, especially hospital safety-net status, affected these
care intensity disparities. Our study aims to address this
issue and suggests that for homeless adults hospitalised
for cardiovascular conditions, some proportion of dispar-
ities may be explained by where they seek care. While safe-
ty-net hospitals play a vital role in the health system, by
providing care to vulnerable, low-income and homeless
populations, the disparity in procedure rates for acute
cardiovascular conditions warrants further exploration.
Our study has limitations. First, as with any observa-
tional study, we could not fully account for unmeasured
confounders. Homeless patients might be less likely to
undergo diagnostic/therapeutic procedures at safety-net
hospitals due to unobserved variables, such as the severity
of certain medical or psychosocial conditions and unre-
corded comorbidities that could affect the indication for
procedures. However, if this was the case, we would expect
disparities in care intensity to be found at non-safety-net
hospitals as well. Second, it is possible that some homeless
and non-homeless individuals were misclassified because
data on the homelessness were provided directly by
hospitals to states in SID databases; we feel that homeless
patients may be coded as non-homeless, but the likelihood
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that many non-homeless patients are coded as homeless
is low. This misclassification would introduce bias towards
the null, and the true disparity would be larger than our
estimate. Moreover, the definition of homeless status
used in this study was based on the information collected
at a single point of hospital discharge, and therefore,
our findings would under-represent persons who moved
between homelessness and their dwellings (ie, tempo-
rary/secondary homelessness). Third, given the relatively
small sample sizes of homeless adults at non-safety-net
hospitals in the current analysis, it was possible that we
were underpowered to detect any meaningful differences
in patient outcomes, especially for some of the analyses
speculating on differences in in-hospital mortality rates
(combined with low event rate) or focusing on subclassi-
fied conditions (eg, STEMI). Given that we were unable
to distinguish the lack of power versus truly non-different
outcomes, non-significant results in some of our anal-
yses should be interpreted with caution. Finally, we were
unable to identify mechanisms for why the disparity in
care intensity was observed at safety-net hospitals but
not non-safety-net hospitals. Future research with more
detailed information on safety-net hospitals may help
explain lower levels of procedure rates for homeless
patients.

CONCLUSION

We found disparities in cardiovascular procedure rates
between hospitalised homeless versus non-homeless adults
at safety-net hospitals but not at non-safety-net hospitals.
Identifying the mechanisms leading to these disparities
may lead to improved care for homeless patients.
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