Circulation: Cardiovascular Quality and Outcomes

ORIGINAL ARTICLE

County-Level Social Vulnerability is Associated
With In-Hospital Death and Major Adverse
Cardiovascular Events in Patients Hospitalized
With COVID-19: An Analysis of the American
Heart Association COVID-19 Cardiovascular
Disease Registry

Shabatun J. Islam, MD; Gargya Malla®®, MD, MPH, PhD; Robert W. Yeh, MD, MSc; Arshed A. Quyyumi®, MD;
Dhruv S. Kazi®, MD; Wei Tian®, MS; Yang Song, MS; Aditi Nayak®, MD, MS; Anurag Mehta, MD; Yi-An Ko, PhD;
James A. de Lemos‘®, MD; Fatima Rodriguez(®, MD, MPH; Abhinav Goyal, MD, MHS; Rishi K. Wadhera, MD, MPP, MPhil

BACKGROUND: The COVID-19 pandemic has disproportionately affected low-income and racial/ethnic minority populations
in the United States. However, it is unknown whether hospitalized patients with COVID-19 from socially vulnerable
communities experience higher rates of death and/or major adverse cardiovascular events (MACEs). Thus, we evaluated
the association between county-level social vulnerability and in-hospital mortality and MACE in a national cohort of
hospitalized COVID-19 patients.

METHODS: Our study population included patients with COVID-19 in the American Heart Association COVID-19
Cardiovascular Disease Registry across 107 US hospitals between January 14, 2020 to November 30, 2020. The
Social Vulnerability Index (SVI), a composite measure of community vulnerability developed by Centers for Disease
Control and Prevention, was used to classify the county-level social vulnerability of patients’ place of residence. We fit
a hierarchical logistic regression model with hospital-level random intercepts to evaluate the association of SVI with in-
hospital mortality and MACE.

RESULTS: Among 16939 hospitalized COVID-19 patients in the registry, 5065 (29.9%) resided in the most vulnerable
communities (highest national quartile of SVI). Compared with those in the lowest quartile of SVI, patients in the highest
quartile were younger (age 60.2 versus 62.3 years) and more likely to be Black adults (36.7% versus 12.2%) and Medicaid-
insured (31.1% versus 23.0%). After adjustment for demographics (age, sex, race/ethnicity) and insurance status, the
highest quartile of SVI (compared with the lowest) was associated with higher likelihood of in-hospital mortality (OR, 1.25
[1.03-1.53]; P=0.03) and MACE (OR, 1.26 [95% CI, 1.05-1.50]; ”=0.01). These findings were not attenuated after
accounting for clinical comorbidities and acuity of illness on admission.

CONCLUSIONS: Patients hospitalized with COVID-19 residing in more socially vulnerable communities experienced higher
rates of in-hospital mortality and MACE, independent of race, ethnicity, and several clinical factors. Clinical and health system
strategies are needed to improve health outcomes for socially vulnerable patients.
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WHAT IS KNOWN

* The COVID-19 pandemic has disproportionately
affected low-income and racial/ethnic minority pop-
ulations in the United States.

+ While it is known that on a population level patients
with COVID-19 residing in socially vulnerable
communities have worse outcomes, it is unknown
whether these patterns hold true once they are
hospitalized.

WHAT THE STUDY ADDS

* Hospitalized patients from socially vulnerable com-
munities have higher likelihood of in-hospital mor-
tality and major adverse cardiovascular events after
adjusting for demographics (age, sex, race/ethnic-
ity) and insurance status.

 These findings were not attenuated after account-
ing for clinical comorbidities and acuity of illness on
admission, suggesting that other mechanistic path-
ways maybe responsible for these health disparities.

Nonstandard Abbreviations and Acronyms

AHA American Heart Association

CDC Centers for Disease Control and
Prevention

CVvD cardiovascular disease

MACE major adverse cardiovascular event

Svi Social Vulnerability Index

affected socioeconomically disadvantaged popula-

tions in the United States.'”” Several studies have
shown that COVID-19 case rates have been highest
in low-income and racial and ethnically diverse com-
munities®'° At the same time, these communities have
also experienced markedly higher death rates due to
COVID-19.1112

Although disparities in COVID-19 case rates and
mortality have been well-documented at the ecological
level, less is known about the clinical course of adults
from socially vulnerable communities who are hospital-
ized with the disease. There are several potential reasons
why hospitalized COVID-19 patients from vulnerable
neighborhoods might experience worse clinical out-
comes, including delays in access to hospital care, higher
acuity of illness at the time of presentation, an increased
likelihood of being admitted to under-resourced, overly-
strained health care systems, and a higher burden of
comorbid conditions that influence COVID-19 outcomes.
The American Heart Association's (AHA) COVID-19
Cardiovascular Disease (CVD) Registry is a national
registry that captures detailed clinical data on patients

The COVID-19 pandemic has disproportionately
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hospitalized with COVID-19 across 107 hospitals and
provides a unique opportunity to understand the associa-
tion of community-level social vulnerability with outcomes
among hospitalized patients. Understanding these pat-
terns is critically important, and could inform health sys-
tem, community, and public health strategies to reduce
inequities in COVID-19 outcomes in the United States.
Therefore, in this study, we linked the AHA COVID-
19 Registry with the Centers for Disease Control and
Prevention Social Vulnerability Index (SVI)—a compos-
ite measure of community-level socioeconomic status,
household composition and disability, minority status and
language, and housing type and transport—to answer 3
questions.'®'* First, do patients from socially vulnerable
communities who are hospitalized with COVID-19 expe-
rience worse in-hospital outcomes (death and/or major
adverse cardiovascular events) than those from less vul-
nerable communities? If so, to what extent are these pat-
terns explained by differences in the burden of comorbid
conditions and acuity of illness at the time of admission?
And third, do clinical outcomes for patients from socially
vulnerable communities vary across US hospitals?

METHODS

Because of the sensitive nature of the data collected for this
study, requests to access the dataset from qualified researchers
trained in human subject confidentiality protocols may be sent
to the American Heart Association: Get With The Guidelines
Hospital Level Research at qualityresearch@heart.org.

Study Population

We used the AHA COVID-19 CVD Registry, which includes
COVID-19 hospitalizations across 107 hospitals in the
United States, to identify adults age 18 years or older who
were hospitalized with COVID-19 between January 14,2020
and November 30, 2020. The AHA COVID-19 CVD Registry
is powered by the Get With The Guidelines quality improve-
ment program. To minimize data collection bias, partner sites
are instructed to provide data on consecutive hospitalized
COVID-19 patients who are 18 years or older, regardless of
CVD status. Participation in this quality improvement registry
was either approved or waived by the respective Institutional
Review Boards (IRB) of the participating hospitals. Details on
the design and deployment of the registry have been previ-
ously described.™

Data Collection

Over 200 data elements were collected including patient
demographics, zip code, insurance status, hospital admission
and disposition dates, presenting symptoms and admission
clinical features, and disposition.” Detailed information on hos-
pital course including medication use and therapeutics as part
of either a clinical trial or routine care were collected. Patients
with incomplete clinical information were excluded from the
analyses. The Get With The Guidelines programs are provided
by the American Heart Association with IQVIA (Parsippany,
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New Jersey) serving as the data collection and coordination
center. Data from the American Heart Association’s COVID-19
available through the AHA's Precision Medicine Platform was
used for the present analyses.

Social Vulnerability Index

The 2018 county-level SVI was obtained from the Centers for
Disease Control and Prevention Geospatial Research, Analysis,
and Services Program database.'®'* The index combines statis-
tical data from the US Census Bureau on 15 variables, grouped
into 4 themes: socioeconomic status, housing composition and
disability, minority status and language, and housing type and
transport (Table S1). Each of these variables are then ranked
from lowest to highest vulnerability across census tracts in the
United States and a county-level percentile rank is calculated
for each variable, theme, and overall SVI (higher percentile
ranks indicating higher social vulnerability). We cross-walked
individual patient zip codes to determine the county-level SVI
for each patient in the registry.'® We then categorized patients
into quartiles based on their national SVI ranking, with Quartile
4 capturing those who were most socially vulnerable, consis-
tent with prior studies.3®

Outcomes

The primary outcome was in-hospital all-cause mortality.
Secondary outcome was major adverse cardiovascular events,
defined as a composite of M|, stroke, new-onset heart failure,
cardiogenic shock, and death.

Statistical Analyses

Baseline demographics, clinical characteristics, admission fea-
tures, and in-hospital treatments were reported as percentages
for categorical variables and median and interquartile range for
continuous variables by quartiles of SVI. In addition to measured
values, rates of measurement are also presented. Categorical
variables were compared using 2 test, while continuous vari-
ables were compared using 2-sided t tests.

We then fit a hierarchical logistic regression model with
hospital-level random intercepts to evaluate the association
between SVI quartile and patient-level outcomes. Our models
sequentially adjusted for each of the following variables: age
and sex (Model 1), race/ethnicity (Model 2), and insurance
status (Model 3). To determine whether differences in the
burden of comorbidities and severity of illness at the time of
presentation mediated any observed association between SVI
and outcomes, we included key comorbidities (prior coronary
artery disease, prior heart failure, cerebrovascular disease,
atrial fibrillation/flutter, chronic kidney disease, diabetes,
hypertension, smoking/e-cigarette use, cancer, pulmonary
disease, immune disorder, pulmonary embolism/deep venous
thrombosis, and obesity) and clinical features to account for
acuity of illness at time of admission (days from symptom
onset to hospital arrival, fever [temperature >38 °C], tachycar-
dia [heart rate >100 beats/min], hypotension [systolic blood
pressure <90 mmHg]l, hypoxia [oxygen saturation <94% or
need for supplemental oxygen], and pulmonary infiltrate pres-
ent on chest radiograph or computed tomography) in Models
4 and 5, respectively. As an additional analysis, we fit linear
regression models with hospital-level random intercepts
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to evaluate the association of each SVI subcomponent and
patient-level outcomes, making similar adjustments as the pri-
mary analysis models described above.

Because changes over the course of the pandemic (eg,
health system strain, care delivery) might influence the asso-
ciation between social vulnerability and clinical outcomes, we
divided our patient population according to whether they were
hospitalized during the first half of the year (January 14, 2020
to June 30, 2020) or later (July 1, 2020 to November 30,
2020). We then included an interaction term in our models to
examine the association between social vulnerability and out-
comes and time of year (January 14 to June 30 versus July 1
to November 30).

Statistical analyses were performed using SAS software
(version 9.4, SAS Institute, Cary, NC), and 2-tailed P <0.05
were considered significant for all statistical tests.

RESULTS
Baseline Characteristics

There were 20925 patients hospitalized from January
14, 2020 to November 30, 2020, of whom 16939 had
complete clinical information and were included in the
analysis (Figure S1). Patients in the most vulnerable
counties (Quartile 4), compared in the least vulnerable
(Quartile 1), were younger (mean age: 60.2 years versus
62.3 years; <0.001), more likely to be Black individuals
(36.7% versus 12.2%; F<0.001) and insured by Med-
icaid (31.1% versus 23.0%, £<0.001; Table 1). Clinical
comorbidities are also shown in Table 1, while information
on timing of presentation and COVID-19 diagnosis, clini-
cal features at time of admission, and laboratory values
on admission are shown in Table S2. Patients from most
vulnerable counties were more likely to require mechani-
cal ventilation (22.3% versus 18.3%; ”<0.001), mechan-
ical circulatory support (6.56% versus 3.9%; F<0.001),
and vasopressor or inotrope support (9.3% versus 7.1%;
P=0.001) than those from the least vulnerable coun-
ties, but were less likely to receive key therapies (steroid
treatment: 34.0% versus 42.8%; /<0.001; Table 2).

In-Hospital Mortality

In-hospital mortality rates were higher among patients
from the most vulnerable counties (16.9% in quartile 4
versus 13.6% in quartile 1; A/<0.001), and these patterns
were consistent across all age strata (Figure; Table S3).
After adjustment for demographics (age, sex, race, insur-
ance status) and clinical comorbidities, living in the most
vulnerable neighborhoods (quartile 4) was associated
with a higher likelihood of in-hospital mortality (adjusted
OR, 1.23 [95% CI, 1.01-1.50]; P=0.04) relative to the
least vulnerable counties (quartile 1; reference). The
association was not attenuated after accounting for
acuity of illness (clinical features) at the time of admis-
sion (Table 3). In the SVI subcomponent analysis, only
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Baseline Characteristics of Patients Hospitalized With COVID-19 by County-Level Social Vulnerability Index Quartile

Quartile 1 (least vulnerable) | Quartile 2 Quartile 3 Quartile 4 (most vulnerable)
N=3168 N=3455 N=5251 N=5065 P Value
Demographics
Age, y 62.3+17.6 (3168) 61.8+£17.6 (3455) 62.4+£17.6 (5251) 60.2+17.3 (5065) <0.001
Female 42.1% (1335/3168) 47.2% (1631/3455) 45.3% (2380/5251) 46.2% (2342/5065) 0.008
Race
Non-Hispanic White 51.5% (1630/3168) 57.9% (2001/3455) 34.2% (1797/5251) 22.9% (1158/5065) <0.001
Black 12.2% (387/3167) 17.4% (598/3446) 31.4% (1646/5250) 36.7% (1860/5065) <0.001
Hispanic 25.2% (799/3168) 15.7% (542/3454) 21.8% (1143/5246) 33.2% (1680/5064) <0.001
Asian 5.8% (184/3167) 4.0% (137/3446) 5.4% (282/5250) 1.9% (98/5065) <0.001
Insurance
Private/commercial 37.0% (1171/3168) 35.2% (1215/3450) 30.9% (1618/5234) 28.8% (1456/5063) <0.001
Medicare 44.5% (1409/3168) 47.8% (1650/3455) 49.4% (2593/5251) 44.3% (2242/5065) 0.74
Medicaid 23.0% (729/3168) 19.7% (680/3455) 29.2% (1535/5251) 31.1% (1575/5065) <0.001
Other government 1.8% (56/3168) 2.29% (77/3450) 1.9% (100/5234) 2.0% (103/5063) 0.69
Other 4.2% (133/3168) 3.1% (106/3450) 3.3% (172/5234) 3.0% (153/5063) 0.02
Self-pay/uninsured 6.1% (193/3168) 4.5% (156/3450) 6.1% (321/5234) 11.0% (557/5063) <0.001
Clinical comorbidities
Obesity 41.4% (1310/3168) 51.3% (1773/3455) 44.19% (2317/5251) 47.8% (2423/5065) 0.002
Prior CABG 3.0% (96/3168) 4.0% (139/3455) 3.4% (177/5251) 2.8% (140/5065) 0.14
Prior heart failure 9.3% (294/3168) 12.9% (447/3455) 13.4% (703/5251) 12.1% (614/5065) <0.001
Prior cerebrovascular disease | 8.2% (260/3168) 9.2% (319/3455) 10.5% (552/5251) 9.2% (467/5065) 0.07
Atrial fibrillation/flutter 12.3% (391/3168) 11.8% (407/3455) 10.5% (550/5251) 7.6% (384/5065) <0.001
Chronic kidney disease 11.5% (365/3168) 13.4% (464/3455) 14.5% (759/5251) 14.3% (726/5065) <0.001
Diabetes 31.5% (998/3168) 34.8% (1201/3455) 37.9% (1989/5251) 40.3% (2039/5065) <0.001
Hypertension 55.3% (1753/3168) 61.6% (2129/3455) 63.5% (3337/5251) 61.7% (3127/5065) <0.001
Smoking 5.2% (164/3168) 6.3% (216/3455) 7.3% (383/5251) 6.9% (351/5065) <0.001
Cancer 9.4% (297/3168) 11.1% (384/3455) 12.1% (634/5251) 9.2% (467/5065) 0.75
Pulmonary disease 17.7% (562/3168) 24.9% (862/3455) 21.6% (1136/5251) 16.6% (843/5065) <0.001
Immune disorders 3.3% (106/3168) 4.8% (166/3455) 5.4% (284/5251) 5.2% (261/5065) <0.001
Peripheral artery disease 2.4% (75/3168) 2.8% (97/3455) 3.2% (169/5251) 2.6% (132/5065) 0.47
DVT 4.0% (127/3168) 3.6% (124/3455) 3.6% (191/5251) 3.1% (156/5065) 0.03

CABG indicates coronary artery bypass graft; and DVT, deep venous thrombosis

socioeconomic status was significantly associated with
in-hospital mortality (Table S4). In addition, the associa-
tion between social vulnerability and in-hospital mortal-
ity was most pronounced during the first half of 2020
(interaction between social vulnerability and death and
time period, 0.04; Table Sb).

Observed rates of major adverse cardiovascular event
were highest among patients from the most vulnerable
counties (20.2% in quartile 4 versus 16.1% in quartile
1, P<0.001; Figure). The rate of acute coronary syn-
drome (ACS) was higher among COVID-19 patients
from most vulnerable counties (3.4% versus 2.4%,
P=0.01; Table S3), but these patients were not less
likely to receive invasive coronary angiogram and/or
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revascularization (Table S6). Cardiac arrest (7.1% ver-
sus 3.2%; A<0.001) was more common among most
vulnerable patients while other cardiovascular events
(new-onset heart failure, stroke, myocarditis, ventricu-
lar arrhythmia, cardiogenic shock) occurred at similar
rates between most and least vulnerable SVI quartiles
(Table S4).

After adjustment for age, sex, race, and insurance
status, patients living in the most vulnerable neighbor-
hoods, compared with those from the least vulnerable
counties, were more likely to experience major adverse
cardiovascular event (OR, 1.26 [95% CI, 1.05-1.50];
P=0.01). The association was not significantly attenu-
ated after adjusting for co-morbidities and acuity of
illness at the time of admission (OR, 1.24 [95% ClI,
1.03-1.49]; P=0.02; Table 3). In addition, these pat-
terns did not significant differ over the course of the
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In-Hospital Treatment Patterns for Patients Hospitalized With COVID-19 by County-Level Social Vulnerability Index

Quartiles
Quartile 1 Quartile 4
(least vulnerable) Quartile 2 Quartile 3 (most vulnerable) Overall
Characteristic N=3168 N=3455 N=5251 N=5065 N=16939 P Value

Clinical trial participation | 8.0% (255/3168) 11.9% (411/3451)

6.5% (339/5251)

11.7% (595/5065) 9.4% (1600/16 935) 0.004

support

ICU admission 31.6% (1000/3168) | 38.8% (1340/3453) | 30.2% (1585/5251) | 30.3% (1536/5063) | 32.2% (5461/16935) | <0.001
Procedures
Mechanical ventilation | 18.3% (580/3168) 19.8% (685/3453) 18.8% (988/5251) 22.3% (1130/5064) | 20.0% (3383/16936) | <0.001
Mechanical circulatory | 3.9% (123/3168) 2.7% (94/3455) 2.7% (144/5251) 5.5% (277/5065) 3.8% (638/16939) <0.001

Vasopressors/inotrope | 7.1% (225/3168) 7.9% (272/3455)

support

7.1% (373/56251)

9.3% (472/5065) 7.9% (1342/16939) 0.001

Invasive coronary an- 0.5% (15/3168) 0.2% (7/3455)

giogram

0.4% (19/5251)

0.3% (17/5065) 0.3% (58/16939) 0.64

Transfusion 2.7% (87/3168) 3.7% (128/3453)

3.8% (201/5248)

4.1% (209/5065) 3.7% (625/16934) 0.002

COVID-19 therapy options utilized

Remedesivir 15.5% (489/3165) 28.7% (817/3445) 13.6% (713/6241) 14.9% (755/5060) 16.4% (2774/16911) | <0.001
Tocilizumab 9.2% (290/3165) 4.1% (140/3445) 13.1% (686/5240) 7.1% (358/5060) 8.7% (1474/16910) <0.001
Steroids 42.8% (1353/3163) | 42.4% (1462/3445) 35.5% (1859/5239) | 34.0% (1718/5060) | 37.8% (6392/16907) | <0.001
Convalescent plasma | 8.9% (281/3165) 9.9% (341/3445) 7.0% (364/5225) 7.9% (400/5060) 8.2% (1386/16895) <0.001

ICU indicates intensive care unit.

year (interaction between social vulnerability and
major adverse cardiovascular event and time period;
P=0.71; Table Sb).

In this study of patients hospitalized with COVID-19
across US hospitals, we find that those living in the most
socially vulnerable counties were =25% more likely to
experience an in-hospital death compared with indi-
viduals living in the least vulnerable counties, even after
adjustment for demographics (age, sex, race) and insur-
ance payor. These associations were most pronounced
during the first wave of the COVID-19 pandemic. In addi-
tion, socially vulnerable patients were also significantly
more likely to experience major adverse cardiovascular
events than their less vulnerable counterparts. These
patterns were not explained by differences in the burden
of clinical comorbidities nor acuity of iliness at the time of
hospital presentation.

Given the emergence of novel variants of COVID-
19, there is growing concern that persons residing in
socially vulnerable communities may continue to dis-
proportionately bear the burden of the pandemic. While
ecological and population-based studies during the early
phase of the pandemic found that low-income commu-
nities experienced worse COVID-19 outcomes® we
use more contemporary, granular data from a national
registry to demonstrate that on an individual patient-
level, those from the most socially vulnerable communi-
ties experience worse in-hospital outcomes. Although
Black and Latinx adults have been disproportionately

Circ Cardiovasc Qual Outcomes. 2022;15:e008612. DOI: 10.1161/CIRCOUTCOMES.121.008612

affected by the pandemic due to long-standing struc-
tural and systemic inequities,""'""'° the disparities that
we observed between individuals from low versus high
social vulnerability communities persisted even after
accounting for race and ethnicity in our study. In addi-
tion, our finding that these patterns were not explained
by differences in the underlying burden of comorbidi-
ties or severity of illness at the time of presentation is
important and suggests that other factors may be driv-
ing these disparities.

There are a few potential mechanisms that might
explain higher in-hospital death rates among patients
from socially vulnerable communities. Living in crowded
households or working in front-line jobs increases the
risk of exposure to SARS-CoV-22° These factors
may also lead to a higher viral load among patients
from socially vulnerable communities,?' a variable that
was not captured in our study, but is associated with
increased disease severity and mortality.?? Persons
residing in socially vulnerable communities also expe-
rience higher pollution burden, which is a known risk
factor for COVID-19 outcomes.®® In addition, climate
patterns (eg, humidity, temperature) may, at least in
part, be on the causal pathway through which socially
vulnerable communities have worse COVID-19 out-
comes. Although differences in acuity of illness at the
time of admission were generally similar across social
vulnerability groups, patients from the most vulnerable
neighborhoods were more likely to require mechani-
cal ventilation, circulatory support, and vasopressors/
inotropic support during their hospital stay. Disentan-
gling the extent to which this variation in the clinical
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Figure. A, In-hospital mortality and (B) major adverse cardiovascular event (MACE) rates for hospitalized COVID-19 patients by

county-level social vulnerability index quartiles.

Quartile 1 represents the least vulnerable quartile, while quartile 4 represents the most vulnerable quartile. MACE is defined as a composite of
myocardial infarction, stroke, new-onset heart failure, cardiogenic shock and death. SVI indicates Social Vulnerability Index.

trajectory of patients during a hospitalization reflect
differences in the quality or intensity of hospital care
remains an important area for future study. For exam-
ple, prior studies have shown that the inpatient care of
socially vulnerable patients tend to be concentrated at
hospitals that deliver lower quality care, and we found
that patients from most vulnerable communities were
less likely to be treated with important evidence-based
medications (eg, steroid therapy).?*

Another key finding of our study is that patients
from the most socially vulnerable communities were
more likely to experience major adverse cardiovascu-
lar events during hospitalization than their less vul-
nerable counterparts. Mounting evidence suggests a
strong association between COVID-19 and acute car-
diovascular injury—nearly 1 in b patients in our study
experienced a cardiovascular event during hospitaliza-
tion.?®26 Neighborhood socioeconomic disadvantage is
a well-recognized risk factor for both cardiovascular
risk factors and disease, and so it is perhaps not sur-
prising that adverse cardiovascular events were most

Circ Cardiovasc Qual Outcomes. 2022;15:e008612. DOI: 10.1161/CIRCOUTCOMES.121.008612

common in patients from the most vulnerable commu-
nities.23% Although clinical comorbidities did not fully
explain the association between social vulnerability
and cardiovascular events in our study, it is possible
that most vulnerable patients were less likely to be on
cardioprotective medications, making them more sus-
ceptible to adverse cardiovascular events. In addition,
other important factors not accounted for in our study,
including environmental stressors,®* may contribute to
the higher risk of major adverse cardiovascular events
among vulnerable patients with COVID-19 and war-
rant further study.

The US has repeatedly experienced resurgences
of COVID-19 cases, due to emergence of novel vari-
ants. COVID-19 vaccination rates remain lowest among
vulnerable-communities, due in part to reduced access
and uptake.® Socially vulnerable communities have
already disproportionately borne the direct and col-
lateral effects of the pandemic,®%®" and our findings
highlight the importance of intensifying public health
efforts to mitigate the spread of the disease in these
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Table 3. Association of County-Level Social Vulnerability With In-Hospital Mortality and MACE Among Patients Hospitalized

for COVID-19

Model 3 (age, Model 4 Model 5 (model 4+
sex, race, insurance (model 3+clinical clinical features on
Model 1 (age, sex) Model 2 (age, sex, race) | status) comorbidities) admission)
Outcome OR(95% CI) | PValue | OR(95%Cl) | PValue | OR(95% CI) | PValue | OR(95% CI) | PValue | OR (95% CI) P Value
Mortality
Quartile 1 Ref Ref Ref Ref Ref
Quartile 2 1.04 0.70 1.04 0.71 1.03 0.78 1.00 0.98 0.97 0.76
(0.85-1.28) (0.85-1.28) (0.84-1.27) (0.81-1.24) (0.78- 1.20)
Quartile 3 1.11 0.26 1.11 0.30 1.10 0.35 1.07 0.48 1.07 0.51
(0.92-1.35) (0.92-1.35) (0.91-1.33) (0.89-1.30) (0.88-1.30)
Quartile 4 1.28 0.01* 1.27 0.02* 1.25 0.03* 1.23 0.04* 1.28 0.05*
(1.05-1.55)* (1.04-1.55)* (1.08-1.53)* (1.01-1.50)* (1.00-1.51)*
MACE
Quartile 1 Ref Ref Ref Ref Ref
Quartile 2 1.10 0.31 1.10 0.32 1.09 0.37 1.07 0.47 1.04 0.68
(0.91-1.33) (0.91-1.33) (0.90-1.32) (0.89-1.30) (0.86-1.26)
Quartile 3 1.15 0.12 1.14 0.15 1.13 0.18 1.11 0.26 1.10 0.28
(0.97-1.36) (0.96-1.35) (0.95-1.34) (0.93-1.32) (0.92-1.32)
Quartile 4 1.28 0.006* 1.27 0.009* 1.26 0.01* 1.24 0.02* 1.24 0.02*
(1.08-1.53)* (1.06-1.53)* (1.05-1.50)* (1.04-1.49)* (1.08-1.49)*

MACE indicates major adverse cardiovascular event.
*indicates a statistically significant finding (p<0.05)

communities. At the same time, our results also high-
light that targeted health system strategies are needed
to improve inpatient care and outcomes for socially
vulnerable patients hospitalized with COVID-19. More
broadly, public health strategies that expand access to
COVID-19 testing® and increase vaccination rates,®®
coupled with policies that encourage vulnerable popula-
tions to seek care (eg, paid leave when infected), rather
than impeding access to care (eg, public charge rule©),
could help reduce inequities in COVID-19 outcomes.

Limitations

There are several limitations to consider. First, we evalu-
ated the association between social vulnerability and
clinical outcomes among hospitalized patients, and indi-
viduals with COVID-19 who were treated as an outpa-
tient were not included. Second, our study included 107
hospitals that participated in the AHA COVID-19 CVD
Registry; therefore, our results may not be generalizable
to all US hospitals. However, participating hospitals are
located in regions across the US, and we were able to
examine detailed demographic and clinical information
(eg, vitals, laboratories, treatment) about patients hospi-
talized with COVID-19 at these sites. Third, since data
were extracted from an on-going observational quality
improvement registry, clinical outcomes were not inde-
pendently validated. Finally, a patient's residential level
vulnerability was assessed at the county-level rather than
at the zip code level given the limitations of the data-
set. Future studies should attempt to examine residential
social vulnerability at a further granular level.

Circ Cardiovasc Qual Outcomes. 2022;15:e008612. DOI: 10.1161/CIRCOUTCOMES.121.008612

Conclusions

In this nationwide study of patients hospitalized with
COVID-19, we find that those residing in the most socially
vulnerable counties were significantly more likely to expe-
rience an in-hospital death compared with individuals liv-
ing in the least vulnerable counties. These disparities were
most pronounced during the first wave of the pandemic.
In addition, major adverse cardiovascular event occurred
more frequently among patients from the most vulnerable
neighborhoods. Clinical and health system strategies are
needed to improve in-hospital outcomes for socially vulner-
able patients, especially during public health emergencies.
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