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Was COVID-19 Associated With Worsening
Inequities in Stroke Treatment and
Outcomes”?
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BACKGROUND: COVID-19 stressed hospitals and may have disproportionately affected the stroke outcomes and treatment of
Black and Hispanic individuals.

METHODS AND RESULTS: This retrospective study used 100% Medicare Provider Analysis and Review file data from between
2016 and 2020. We used interrupted time series analyses to examine whether the COVID-19 pandemic exacerbated dispari-
ties in stroke outcomes and reperfusion therapy. Among 1142560 hospitalizations for acute ischemic strokes, 90912 (8.0%)
were Hispanic individuals; 162752 (14.2%) were non-Hispanic Black individuals; and 888896 (77.8%) were non-Hispanic
White individuals. The adjusted odds of mortality increased by 51% (adjusted odds ratio [aOR], 1.51 [95% ClI, 1.34-1.69];
P<0.001), whereas the rates of nonhome discharges decreased by 11% (@OR, 0.89 [95% ClI, 0.82-0.96]; P=0.003) for patients
hospitalized during weeks when the hospital’'s proportion of patients with COVID-19 was >30%. The overall rates of motor
deficits (P=0.25) did not increase, and the rates of reperfusion therapy did not decrease as the weekly COVID-19 burden in-
creased. Black patients had lower 30-day mortality (@OR, 0.70 [95% ClI, 0.69-0.72]; P<0.001) but higher rates of motor deficits
(@OR, 1.14 [95% ClI, 1.12-1.16]; P<0.001) than White individuals. Hispanic patients had lower 30-day mortality and similar rates
of motor deficits compared with White individuals. There was no differential increase in adverse outcomes or reduction in
reperfusion therapy among Black and Hispanic individuals compared with White individuals as the weekly COVID-19 burden
increased.

CONCLUSIONS: This national study of Medicare patients found no evidence that the hospital COVID-19 burden exacerbated
disparities in treatment and outcomes for Black and Hispanic individuals admitted with an acute ischemic stroke.

Key Words: COVID-19 m disparities m equity m stroke

the United States, with Black individuals bearing a
disproportionate burden. In the United States, ap-
proximately 7.6million individuals report having suffered
a stroke, with approximately 795000 experiencing a new
or recurrent stroke annually.! Strokes are the primary
source of serious long-term disability, the fifth leading

Stroke is a leading cause of death and disability in

cause of death, and are responsible for 1 out of every
19 deaths in the United States.! Black individuals face a
50% higher likelihood of stroke,? a 70% higher population
stroke mortality rate,®® and suffer more severe strokes
than White individuals.*-® Additionally, Black individuals
are significantly more likely to experience physical disabil-
ity and dementia than White individuals after a stroke.”®
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CLINICAL PERSPECTIVE

What Is New?

e Using data on 1265084 hospitalizations for
acute ischemic stokes in adults aged >65years,
we did not find evidence that the COVID-19 pan-
demic exacerbated racial and ethnic disparities
in 30-day mortality, severe strokes, nonhome
discharges, or the use of reperfusion therapies.

e Patients with stroke hospitalized during weeks
when the proportion of hospitalized patients
with COVID-19 was >30% experienced 51%
higher odds of mortality but no reduction in the
use of reperfusion therapies.

e |n these contemporary data, there continue to
be persistent disparities in the use of thrombo-
lytic therapy and endovascular thrombectomy.

What Are the Clinical Implications?

e This study helps physicians and policymakers
to understand the impact of COVID-19 on dis-
parities in stroke outcomes.

e Further efforts are needed to improve ac-
cess to reperfusion therapy for underserved
populations.

Nonstandard Abbreviations and Acronyms

CMS Centers for Medicare and Medicaid

Services
GWTG Get With The Guidelines

Health care inequity is a public health crisis. It has
been estimated that achieving racial equity would have
resulted in 1.63 million fewer deaths of Black individu-
als between 1990 and 2020."° Health care disparities
have many causes, including an inequitable distribu-
tion of resources, fewer economic and educational
opportunities, unequal access to health care, differ-
ences in where marginalized patients receive their
health care, and differential treatment within hospi-
tals of minoritized patients compared with their White
counterparts.! Provider-level disparities can stem from
conscious and unconscious bias, physician—patient
racial discordance, and a scarcity of minority pro-
viders."? Although health care disparities have many
causes, the COVID-19 pandemic may serve as a stress
test to identify hospital pathology (ie, hospital practices
or systems that lead to adverse health outcomes) that
might not be evident at rest (ie, before the pandemic).

Thus, the COVID-19 pandemic presents a unique
opportunity to explore whether the extreme pandemic-
induced stress on hospitals and their workforce
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exacerbated racial disparities in stroke outcomes.'®
Although it is well established that historically mar-
ginalized populations have been disproportionately
affected by COVID-19,'* the extent to which hospi-
tals under stress may have contributed to worse out-
comes among minoritized individuals remains unclear.
Using national Medicare data, this study addresses 2
questions: (1) Did patients hospitalized for stroke have
higher rates of mortality, severe strokes, and nonhome
discharges, and lower rates of reperfusion therapy
(thrombolytic therapy and endovascular thrombec-
tomy) in hospitals during weeks with a high COVID-19
burden compared with weeks with a low COVID-19
burden? (2) Were these changes greater among Black
and Hispanic patients than White patients? Examining
the results of this stress test could provide important
insights into the role that hospitals play in perpetuating
disparities and lay the groundwork for policies to miti-
gate these effects.

METHODS

This study was approved by the Columbia University
Institutional Review Board, which determined that in-
formed consent was unnecessary. This study was
covered by a data use agreement with the Centers
for Medicare and Medicaid Services (CMS). The CMS
data used in this study can be obtained by submitting
a request for research identifiable data to the Research
Data Assistance Center, which is then submitted to the
CMS for review. The Strengthening the Reporting of
Observational Studies in Epidemiology statement was
used to guide the reporting of this study.'® Data were
analyzed between March 2023 and May 2023.

Data Source

This retrospective cohort study used patient-level
data from the 100% Medicare Provider Analysis and
Review file and the Master Beneficiary Summary file
from between 2016 and 2020. These databases in-
cluded beneficiary demographic information (age, sex,
and self-reported race and ethnicity [Asian, Black,
Hispanic, North American Native, White, other {no ad-
ditional details available on the other category}], which
is captured at the time of Social Security enrollment);
International Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10) diagnosis
and procedure codes; source of admission; date of ad-
mission; admission status (elective, urgent, emergent);
payer status; discharge destination; date of death; and
hospital identifiers. These data were merged with the
CMS Impact Files, which included information on hos-
pital characteristics (geographic region, rurality, num-
ber of beds, average daily census, disproportionate
share hospital percentage, and resident-to-bed ratio).
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Study Population

We identified 1265084 patients aged >65years who
were hospitalized with a primary diagnosis of acute
ischemic stroke between January 1, 2016, and
December 31, 2020 (Table S1; Figure S1). Patients
were categorized as Black, Hispanic, or non-Hispanic
White using the Research Triangle Institute race code.'®
We excluded admissions in December 2020 to observe
30-day outcomes for patients admitted in November
2020 (21 843); admissions with missing race (9953);
patients who were neither non-Hispanic White (here-
after referred to as White), Black, or Hispanic (48
015); unknown admission urgency (10 121); elective
admissions (28 335); admissions for stroke trans-
ferred out (2225); transfer in from hospice (82); and
hospitalizations in hospitals not in the CMS Impact
File (1950) (Figure S1). In cases where patients were
transferred to another hospital, we linked the transfers
into 1 episode of care and attributed outcomes and
therapies to the final admission (the transfer-in admis-
sion). The final analytic cohort consisted of 1142560
hospitalizations.

Statistical Analysis

The outcomes of interest were (1) 30-day mortality, (2)
motor deficits (monoplegia, hemiplegia or hemiparesis,
paraplegia or paraparesis, quadriplegia or quadripare-
sis, other paralytic syndromes), (3) nonhome discharges
(death or discharge to a skilled nursing facility or nurs-
ing home, inpatient rehabilitation facility, long-term care
hospital, or hospital transfer), and (4) reperfusion ther-
apy (thrombolytic therapy or endovascular thrombec-
tomy). The first aim of this study was to determine
whether patients hospitalized with a stroke had differ-
ent rates of these outcomes during weeks with a high
hospital COVID-19 burden compared with weeks with
a low hospital COVID-19 burden. The unit of analysis
was the acute hospitalization for acute ischemic stroke.
Consider the exemplar outcome of 30-day mortality:

fIE (Yit)| = Bo+ B1X; + BoRaceEthnic;
+ psWeek; + p4,Month,
+ p5:COVIDmonth, + p, COVIDburden,,

where f is the logit function, Y, is the outcome (30-day
mortality) for patient / in hospital k at time t, RaceEthnic; is
race and ethnicity (Black, Hispanic, White), Week; is the
underlying linear weekly time trend, and Month, is a set of
monthly indicators to control for seasonal variation around
the weekly time trend. COVIDmonth, is a set of monthly
indicators that control for deviations from the seasonally
adjusted weekly time trend during the COVID-19 pan-
demic. The exposure of interest, COVIDburden,,, is a
weekly measure of the hospital proportion of all Medicare
inpatients who tested positive for COVID-19, classified
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as 0% to 2.0%, 2.1% to 10%, 10.1% to 20%, 20.1% to
30%, and >30%. We controlled for the patient-level co-
variates X, demographics (age, sex, race, and ethnicity),
admission status (urgent, emergent), admission source
(community, hospital, skilled nursing facility/nursing
home, other), dual eligibility (enrollment in both Medicare
and Medicaid), COVID-19, body mass index, National
Institutes of Health Stroke Scale, time elapsed from prior
stroke, stroke location (eg, anterior cerebral, middle ce-
rebral), prior cardiac procedure (percutaneous coronary
intervention, coronary artery bypass graft surgery, heart
valve surgery), functional status (wheelchair, care pro-
vider, supplemental oxygen), and individual Elixhauser
comorbidities (Table S1)."18 We then expanded the base-
line model to control for hospital characteristics: rurality,
resident-to-bed ratio, disproportionate share percentage,
the proportion of non-Hispanic Black and Black patients
admitted with stroke, hospital volume of patients with
stroke, and geographic region. We repeated these analy-
ses for the other outcomes of interest. We did not control
for the National Institutes of Health Stroke Scale in the
analyses for motor deficits because the National Institutes
of Health Stroke Scale includes motor function as 1 of
its components. Patients previously hospitalized with an
acute ischemic stroke with motor deficits were not con-
sidered to have a new motor deficit.

The second aim of this study was to determine
whether Black and Hispanic patients hospitalized
during weeks with a high hospital COVID-19 burden
experienced worse outcomes than White patients
under those conditions compared with patients hos-
pitalized during weeks with a low hospital COVID-19
burden. To characterize these differences in out-
comes, we modified the baseline model to include an
interaction between a linear specification of the weekly
COVID-19 burden and the indicator for race and eth-
nicity. Because the primary goal of the study was to
describe the association between hospital stress and
changes in disparities, we considered this second aim
to be the primary analysis.

All statistical analyses were performed using STATA/
MP version 17.0 (StataCorp). We used cluster robust
variance estimators to account for the clustering of
observations within hospitals. We estimated adjusted
rates and outcomes using average marginal effects.
The threshold for statistical significance was 2-sided
P<0.05. We did not adjust for multiple comparisons to
avoid obscuring potential associations between hospi-
tal stress and widening disparities.'®2°

RESULTS

Patient Population

This study was based on data from 1142560 hospi-
talizations for acute ischemic stroke. Among these,
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Table 1. Patient Characteristics

Race and ethnicity

White 888896 (77.8)
Black 162752 (14.2)
Hispanic 90912 (7.96)

Hospital COVID-19 burden

Before COVID-19 936007 (81.9) 729679 (82.1) 132494 (81.4) 73834 (81.2)
0.0%-2.0% 70069 (6.13) 56835 (6.39) 7869 (4.83) 5365 (5.9)
21%-10.0% 94851 (8.3) 72111 (8.11) 15090 (9.27) 7650 (8.41)
10.1%-20.0% 28941 (2.53) 21236 (2.39) 5056 (3.11) 2649 (2.91)
20.1%-30.0% 8321 (0.73) 6153 (0.69) 1444 (0.89) 8321 (0.73)
>30.0% 4371 (0.38) 2882 (0.32) 799 (0.49) 690 (0.76)
Age, y (SD) 79 (8.7) 79.6 (8.6) 76.1 (8.4) 77.7 (8.5)
Sex
Men 518567 (45.4) 405859 (45.7) 68991 (42.4) 43717 (48.1)
Women 623993 (54.6) 483037 (54.3) 93761 (57.6) 47195 (51.9)
Urgency
Emergent 984753 (86.2) 759217 (85.4) 146977 (90.3) 78559 (86.4)
Urgent 157807 (13.8) 129679 (14.6) 15775 (9.7) 12353 (13.6)
Admission source
Community 982720 (86) 754077 (84.8) 146300 (89.9) 82343 (90.6)
Hospital 118961 (10.4) 101374 (11.4) 11398 (7) 6189 (6.8)
SNF/nursing home 26369 (2.3) 21878 (2.5) 3332 (2.1) 1159 (1.3)
Other 14510 (1.3) 11567 (1.3) 1722 (1.1) 1221 (1.3)
Dual eligible 255090 (22.3) 143179 (16.1) 69033 (42.4) 42878 (47.2)
Medicare advantage 418398 (36.6) 294214 (33.1) 74275 (45.6) 49909 (54.9)
Body mass index
Underweight 25252 (2.2) 19162 (2.2) 4552 (2.8) 1538 (1.7)
Morbid obesity 32762 (2.9) 24380 (2.7) 6469 (4) 1913 (2.1)
NIH Stroke Scale Score
0-9 400850 (35.1) 321425 (36.2) 53296 (32.8) 26129 (28.7)
10-19 88084 (7.7) 67739 (7.6) 13571 (8.3) 6774 (7.5)
20-29 43101 (3.8) 33157 (3.7) 6479 (4) 3465 (3.8)
=30 6711 (0.6) 5111 (0.6) 1049 (0.6) 551 (0.6)
Missing 603814 (52.9) 461464 (51.9) 88357 (54.3) 53993 (59.4)

Time elapsed from prior stroke

No prior stroke 1053056 (92.2) 823199 (92.6) 146458 (90) 83399 (91.7)
<30d 35997 (3.2) 27302 (3.1) 5617 (3.5) 3078 (3.4)
31-60d 11259 (1) 8137 (0.9) 2185 (1.3) 937 (1)
61-90d 7516 (0.7) 5375 (0.6) 1515 (0.9) 626 (0.7)
91-180d 15151 (1.3) 10858 (1.2) 3025 (1.9) 1268 (1.4)
181-360d 19581 (1.7) 14025 (1.6) 3952 (2.4) 1604 (1.8)
Stroke location
Precerebral, unspecified 6121 (0.5) 4939 (0.6) 800 (0.5) 382 (0.4)
Cerebral, unspecified 64758 (5.7) 52478 (5.9) 8047 (4.9) 4233 (4.7)
Carotid 52739 (4.6) 43529 (4.9) 5405 (3.3) 3805 (4.2)
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Table 1. Continued

Anterior cerebral 14836 (1.3) 10902 (1.2) 2652 (1.6) 1282 (1.4)
Middle cerebral 274997 (24.1) 216599 (24.4) 37380 (23) 21018 (23.1)
Posterior 53735 (4.7) 42927 (4.8) 6354 (3.9) 4454 (4.9)
Vertebral 13077 (1.1) 10290 (1.2) 1832 (1.1) 955 (1.1)
Cerebellar 27152 (2.4) 21206 (2.4) 3764 (2.3) 2182 (2.4)
Basilar 12291 (1.1) 9134 (1) 2104 (1.3) 1053 (1.2)
Other 622854 (54.5) 476892 (53.7) 94414 (58) 51548 (56.7)
Prior procedures
PCI 95508 (8.4) 79272 (8.9) 10317 (6.3) 5919 (6.5)
CABG 6282 (6.9) 76581 (8.6) 7540 (4.6) 6282 (6.9)
Heart valve surgery 28146 (2.5) 24796 (2.8) 1805 (1.1) 1545 (1.7)
Functional status
Wheelchair 11547 (1) 8475 (1) 2157 (1.9) 915 (1)
Supplemental oxygen 16874 (1.5) 14479 (1.6) 1640 (1) 755 (0.8)
Dependent on provider 12230 (1.1) 7318 (0.8) 2856 (1.8) 2056 (2.3)
COVID-19 2521 (0.2) 1611 (0.2) 549 (0.3) 361 (0.4)
Dialysis 14579 (1.3) 7018 (0.8) 5261 (3.2) 2300 (2.5)
Elixhauser comorbidities
Congestive heart failure 241452 (21.1) 182931 (20.6) 40848 (25.1) 17673 (19.4)
Cardiac arrhythmias 429517 (37.6) 354561 (39.9) 46367 (28.5) 28589 (31.5)
Valvular heart disease 118171 (10.3) 97415 (11) 13089 (8) 7667 (8.4)
Pulmonary circulation 52086 (4.6) 40283 (4.5) 8600 (5.3) 3203 (3.5)
Peripheral vascular disorder 105112 (9.2) 84245 (9.5) 131083 (8.1) 7764 (8.5)
Hypertension, uncomplicated | 634268 (55.5) 498792 (56.1) 83272 (51.2) 52204 (57.4)
Hypertension, complicated 384819 (33.7) 284494 (32) 70019 (43) 30306 (33.3)
Chronic pulmonary disease 197024 (17.2) 160785 (18.1) 25127 (15.4) 11112 (12.2)
Diabetes, uncomplicated 185960 (16.3) 132455 (14.9) 32550 (20) 20955 (23.1)
Diabetes, complicated 257976 (22.6) 176325 (19.8) 52946 (32.5) 28705 (31.6)
Hypothyroidism 216292 (18.9) 186609 (21) 15003 (9.2) 14680 (16.2)
Renal failure 253444 (22.2) 185114 (20.8) 49127 (30.2) 19208 (21.1)
Liver disease 17252 (1.5) 12150 (1.4) 3208 (2) 1894 (2.1)
Peptic ulcer disease 6480 (0.6) 4958 (0.6) 969 (0.6) 553 (0.6)
AIDS/HIV 842 (0.1) 317 (0.04) 418 (0.3) 107 (0.1)
Lymphoma 7630 (0.7) 6062 (0.7) 1101 (0.7) 467 (0.5)
Metastatic cancer 21959 (1.9) 17662 (2) 2980 (1.8) 1317 (1.5)
Solid tumor 43019 (3.8) 34169 (3.8) 6081 (3.7) 2769 (3.1)
Rheumatoid arthritis 36760 (3.2) 30132 (3.4) 4440 (2.7) 2188 (2.4)
Coagulopathy 52979 (4.6) 41452 (4.7) 7520 (4.6) 4007 (4.4)
Fluid and electrolyte disorder 237960 (20.8) 179391 (20.2) 40004 (24.6) 18565 (20.4)
Anemia, blood loss 4165 (0.4) 3242 (0.4) 654 (0.4) 269 (0.3)
Anemia, deficiency 34705 (3) 25488 (2.9) 6728 (4.1) 2489 (2.7)
Alcohol abuse 31901 (2.8) 23960 (2.7) 5528 (3.4) 2413 (2.7)
Drug abuse 14731 (1.3) 9112 (1) 4610 (2.8) 1009 (1.1)
Psychoses 7495 (0.7) 4721 (0.5) 2092 (1.3) 682 (0.8)
Depression 135776 (11.9) 115388 (13) 12061 (7.4) 8327 (9.2)
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Table 1. Continued
No. of patients
Total White Black Hispanic
Characteristics (N=1142560) (N=888896) (N=162752) (N=90912)
Outcomes
Death within 30 d 147 485 (12.9) 121003 (13.6) 15758 (9.7) 10724 (11.8)
Motor deficit 553785 (48.5) 426510 (48) 83132 (51.1) 44143 (48.6)
Nonhome discharge 616917 (54) 482613 (54.3) 91858 (56.4) 42446 (46.7)
Endovascular thrombectomy 33989 (3) 27487 (3.1) 3966 (2.4) 2536 (2.8)
Thrombolytic therapy 113397 (9.9) 89228 (10) 14750 (9.1) 9419 (10.4)

Values are number (percent) unless indicated otherwise. CABG indicates coronary artery bypass grafting; NIH, National Institutes of Health; PCI, percutaneous

coronary intervention; and SNF, skilled nursing facility.

623993 (54.6%) were women, 90912 (8.0%) were
Hispanic individuals, 162752 (14.2%) were non-
Hispanic Black individuals, 888896 (77.8%) were non-
Hispanic White individuals, and the mean (SD) age was
79.0 (8.7) years (Table 1). Black (69033 [42.4%]) and
Hispanic individuals (42878 [47.2%]) were more likely
to be dually enrolled compared with White individuals
(143170 [16.1%)]). Black (6261 [3.2%]) and Hispanic in-
dividuals (2300 [2.5%]) were more likely to be on di-
alysis compared with White individuals (7018 [0.8%)]).
Hospital characteristics are described in Table 2.
Twenty-four percent of the hospitals were classified as
rural (741), 11.5% (351) had a disproportionate share
hospital percentage of >50%, and 10.1% (306) had
>50% Black or Hispanic patients.

Association of Hospital COVID-19 Burden
With Changes in Clinical Outcomes
Overall and by Race and Ethnicity
Among all patients, 30-day mortality rates increased
more during weeks with a high weekly hospital
COVID-19 burden compared with the prepandemic
period (P<0.001). Although mortality increased dur-
ing the pandemic compared with the prepandemic
period (P<0.001), increases in the hospital COVID-19
burden were not associated with increases in the rate
of severe strokes (P=0.25) (Figure 1; Table S2). The ad-
justed odds of mortality increased by 34% (adjusted
OR [aOR], 1.34 [95% ClI, 1.25-1.45]; P<0.001), 32%
(@OR, 1.32 [95% ClI, 1.19-1.46]; P<0.001), and 51%
(@OR, 1.51 [95% ClI, 1.34-1.69]; P<0.001) for patients
hospitalized during weeks with a COVID-19 burden of
10.1% to 20%, 20.1% to 30%, and >30%, respectively.
Nonhome discharges decreased slightly during the
pandemic (P<0.001). These findings did not change
substantially after also controlling for hospital charac-
teristics (Figure 1).

Black and Hispanic individuals were less likely to
die, whereas Black individuals were more likely to be
admitted with severe strokes compared with White
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individuals (Figure 2). Compared with White individ-
uals, Black and Hispanic individuals had 30% (aOR,
0.70 [95% ClI, 0.69-0.72]; P<0.001) and 9% lower
odds (@OR, 0.91 [95% ClI, 0.88-0.95]; P<0.001) of
30-day mortality compared with White individuals,
respectively. However, Black individuals had 14%
(@0R, 1.14 [95% CI, 1.12-1.16]; P<0.001) higher odds
of motor deficits than White individuals. Black patients
(@0R, 0.95 [95% ClI, 0.92-0.97]; P<0.001) were slightly
less likely to be discharged to a nonhome setting than
White patients.

Black and Hispanic patients did not experience a
greater change in mortality or motor deficits than White
patients as the weekly hospital COVID-19 burden in-
creased (Figure 3). These findings were not changed
after adjusting for hospital characteristics.

Association of Hospital COVID-19 Burden
With Changes in Reperfusion Therapy
Overall and by Race and Ethnicity
Among all patients, reperfusion rates increased during
weeks with a high weekly COVID-19 burden (Figure 1).
The adjusted odds of endovascular thrombectomy
increased by 32% (@OR, 1.32 [95% CI, 1.15-1.50];
P<0.001) and 32% (@OR, 1.32 [95% CI, 1.12-1.55];
P<0.001) for patients hospitalized during weeks with a
COVID-19 burden of 2.1% to 10% and 10.1% to 20%,
respectively. The adjusted odds of thrombolytic therapy
increased slightly during weeks with a COVID-19 bur-
den >30% (@OR, 1.15 [95% ClI, 1.00-1.32]; P=0.047).
Black individuals were less likely to receive throm-
bectomy (aOR, 0.88 [95% ClI, 0.82-0.95]; P=0.001) or
thrombolytic therapy (@OR, 0.87 [95% CI, 0.83-0.91];
P<0.001) than White individuals (Figure 2). Hispanic in-
dividuals had similar rates of thrombectomy (aOR, 1.04
[95% CI, 0.91-1.20]; P=0.56) and slightly higher rates
of thrombolytic therapy (2OR, 1.08 [95% ClI, 1.00-1.15];
P=0.04) compared with White individuals (Figure 2).
These findings remained largely unchanged after ad-
justing for hospital characteristics.



Glance et al

Table 2. Hospital Characteristics

Characteristics Hospitals, n (%)

Total no. of beds

<50 433 (14.2)
51-149 1082 (35.6)
150-249 667 (21.9)
250-499 643 (21.1)
>500 219 (7.2)

Resident-to-bed ratio

0 1951 (64.1)
>0-0.10 516 (17)
0.11-0.20 209 (6.9)
0.21-0.40 184 (6)
>0.41 184 (6)
Rurality
Rural hospital 741 (24.3)
Large urban hospital 1233 (40.5)
Other urban hospital 1070 (35.2)
Region
New England 128 (4.2)
Middle Atlantic 342 (11.2)
South Atlantic 555 (18.2)
East North Central 466 (15.3)
East South Central 280 (9.2)
West North Central 228 (7.5)
West South Central 418 (13.7)
Mountain 199 (6.5)
Pacific 381 (12.5)
Puerto Rico 47 (1.5)
Disproportionate share percentage
0%-9.9% 183 (6)
10.0%-24.9% 1008 (33.1)
25.0%-49.9% 1502 (49.3)
>50.0% 351 (11.5)

Proportion of minority patients (strokes)

<5% 847 (27.8)

5.0%-9.9% 709 (23.3)
10.0%-24.9% 726 (23.9)
25.0%-49.9% 456 (15)
>50.0% 306 (10.1)
Volume of stroke hospitalizations
<50 456 (15)
50-249 835 (27.4)
250-749 956 (31.4)
>750 797 (26.2)

There was no evidence that disparities in throm-
bectomy (P=0.40) and thrombolytic therapy (P=0.46)
for Black patients were increased during weeks with a
high COVID-19 burden (Figure 3). These findings were
not changed after adjusting for hospital characteristics.
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DISCUSSION

Using national Medicare data on 1142560 hospitaliza-
tions from between 2016 and 2020, we found that pa-
tients hospitalized with an acute ischemic stroke during
the first year of the pandemic had a higher risk of mor-
tality during weeks when the proportion of inpatients
with COVID-19 was elevated compared with before
the pandemic. After controlling for patient and hospi-
tal characteristics, including infection with COVID-19,
patients admitted with a stroke during weeks with a
high or very high COVID-19 burden faced up to 30% to
50% higher odds of 30-day mortality. However, we did
not find that patients were more likely to present with
more severe strokes or to be discharged to a nonhome
setting in hospitals stressed by COVID-19. Moreover,
patients with stroke were not less likely to receive rep-
erfusion therapy during these weeks.

In terms of racial disparities, Black and Hispanic
individuals were less likely to die, but Black individ-
uals were more likely to present with more severe
strokes than White individuals. Moreover, Black in-
dividuals were less likely to receive reperfusion ther-
apy than White individuals. Although COVID-19 has
disproportionately impacted historically marginalized
populations, we found no evidence that the pan-
demic exacerbated disparities for patients hospitalized
with a stroke. We have also previously reported that
COVID-19 did not exacerbate surgical disparities.?'-??
In particular, although the pandemic was associated
with a higher risk of postoperative death, patients
without insurance or Medicaid insurance did not ex-
perience greater increases in mortality than patients
with private insurance during the pandemic.?! We also
separately reported that although the CMS moratorium
on elective surgery led to a 51% reduction in elective
surgeries, minoritized individuals did not experience a
greater reduction in surgical use than White individu-
als.?? The findings that, under conditions of extreme
stress, hospitals treat vulnerable individuals similarly to
nonvulnerable individuals do not alleviate foundational
concerns about health equity. However, these findings
do suggest that, at least in some cases, these dispar-
ities are not exacerbated by hospitals and their physi-
cian and nonphysician workforce.

Stroke care during the pandemic could have been
impacted by disruptions to usual processes of care,
or by delay and deferral of care among patients ex-
periencing stroke symptoms. Based on data from the
GWTG (Get With The Guidelines) Stroke national reg-
istry, previous studies reported increases in mortal-
ity rates and stroke severity during the pandemic and
no differences in the use of reperfusion therapy.?>% In
contrast, although we also found increases in mortality,
we found increases in the use of reperfusion therapy
and no increase in stroke severity. The discrepancies
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Adjusted OR
Adjusted OR Adjusted OR
Adjusted Unadjusted OR Patient Patient+ Hospital P value Joint P value
Rate, % (95% Cl) (95% Cl) (95% Cl) Adjusted Adjusted

Mortality

Prior to COVID-19 12.6 reference reference reference [ ]

0-2.0% 14.3 1.21(1.15,1.27) 1.2 (1.14,1.27) 1.2(1.14,1.27) oA 0.000

2.1-10% 14.5 1.3(1.22,1.37) 1.23(1.15,1.32) 1.24(1.16,1.32) = & 0.000

10.1-20% 15.4 1.36(1.27,1.45) 1.34(1.25,1.45) 1.32(1.23,1.43) = o 0.000

20.1-30% 15.2 1.32(1.21,1.45) 1.32(1.19,1.46) 1.32(1.2,1.46) —o— 0.000

30.1%- 16.6 1.57 (1.41,1.75) 1.51 (1.34,1.69) 1.52 (1.35,1.71) —o—i 0.000 <0.001
Motor Deficits

Prior to COVID-19 48 reference reference reference [ ]

0-2.0% 50 1.09 (1.06,1.13) 1.09 (1.05,1.13) 1.09 (1.06,1.13) 1o 0.000

2.1-10% 50.5 1.13(1.09,1.18) 1.11(1.07 ,1.16) 1.08 (1.04,1.13) o 0.000

10.1-20% 50.7 1.12(1.07,1.18) 1.12 (1.07,1.17) 1.09 (1.04,1.15) HH 0.000

20.1-30% 50.9 1.13 (1.06,1.2) 1.13 (1.06,1.2) 1.11 (1.05,1.18) o+ 0.000

30.1%- 51 1.15 (1.06,1.24) 1.14 (1.05,1.23) 1.13 (1.05,1.22) =0 0.001 <0.001
Non-home Discharge

Prior to COVID-19 54.3 reference reference reference [ ]

0-2.0% 52.7 0.95 (0.92,0.98) 0.93 (0.9,0.96) 0.93 (0.9,0.96) 1o 0.000

2.1-10% 52.6 0.98(0.94,1.02) 0.93 (0.89,0.96) 0.91 (0.87,0.95) HH 0.000

10.1-20% 52.3 0.95(0.91,1) 0.91 (0.87,0.96) 0.89 (0.84,0.93) HH 0.000

20.1-30% 53.1 0.97(0.91,1.03) 0.95 (0.88,1.01) 0.9 (0.84,0.96) s o] 0.10

30.1%- 51.7 0.95 (0.88,1.03) 0.89 (0.82,0.96) 0.83 (0.76,0.9) o 0.003 <0.001
Thrombectomy

Prior to COVID-19 29 reference reference reference [ ]

0-2.0% 3.1 1.1(1,1.21) 1.1(0.99,1.22) 1.13 (1.02,1.26) —o— 0.09

2.1-10% 36 1.42 (1.25,1.61) 1.32 (1.15,1.5) 1.17 (1.02,1.33) —e—i 0.000

10.1-20% 36 1.25(1.07 ,1.46) 1.32 (1.12,1.55) 1.22 (1.04,1.43) —e—i 0.001

20.1-30% 32 1(0.8,1.24) 1.13(0.91,1.41) 1.13 (0.92,1.39) ———— 0.27

30.1%- 3 0.94(0.69,1.27) 1.05 (0.77 ,1.44) 1.21(0.89,1.66) ——— 0.76 <0.001
Thrombolytic Therapy

Prior to COVID-19 9.9 reference reference reference [ ]

0-2.0% 10.1 1.02 (0.96,1.07) 1.03 (0.98,1.09) 1.05 (0.99,1.11) o+ 0.22

2.1-10% 10.4 1.1(1.03,1.17) 1.07 (1,1.14) 1.01(0.94,1.08) o 0.047

10.1-20% 9.9 1.02 (0.94,1.11) 1(0.92,1.09) 0.98 (0.9,1.06) o 0.94

20.1-30% 9.6 0.97 (0.87,1.08) 0.97 (0.87,1.08) 0.98 (0.88,1.1) — 0.60

30.1%- 11.1 1.15(1.01,1.33) 1.15(1,1.32) 1.17 (1.03,1.34) —e—i 0.047 0.03

0.01 0.1 1
Figure 1. Changes in mortality, motor deficits, nonhome discharges, and reperfusion therapy in patients with stroke as a

function of the weekly hospital COVID-19 burden.

The patient model was adjusted for patient age, race, ethnicity, and patient risk (see text), and the patient+hospital model was adjusted
for patient age, race, ethnicity, patient risk, and hospital characteristics (see text). The unadjusted model was adjusted for patient age,
race, and ethnicity. P values and adjusted rates are based on the patient model. OR indicates odds ratio.

in the findings may be due in part to differences in pa-
tient samples. Although the GWTG Stroke registry is a
convenience sample that includes patients of all ages
at a subset of hospitals participating in the GWTG
quality improvement initiatives, our study is based on
a larger population-based sample of elderly Medicare
patients and includes patients at a much broader range
of hospitals. Additionally, our study examined the effect
of the pandemic as a function of the weekly hospital
COVID-19 burden, whereas previous studies compared
the prepandemic to the pandemic period by combining
all of the patients in the pandemic period into 1 group,
regardless of the inpatient COVID-19 burden. Although
these earlier studies examined the impact of COVID-19
on the overall treatment and outcomes of patients with
ischemic strokes, to our knowledge, no other study
has examined the effects of COVID-19 on disparities in
stroke outcomes and treatment.

J Am Heart Assoc. 2023;12:e031221. DOI: 10.1161/JAHA.123.031221

Although we found no evidence that the COVID-19
pandemic, acting as a hospital stress test, exacer-
bated racial disparities in stroke care, the underlying
disparities in stroke severity were nonetheless con-
cerning. Black individuals had 14% higher odds of
presenting with a motor deficit than White individ-
uals, even after controlling for baseline differences
in risk and hospital characteristics. The magnitude
of these differences is especially troubling, because
racial disparities in stroke severity were reported at
least 20 years ago.*~® The observation that Black in-
dividuals have lower mortality rates and yet worse
poststroke outcomes may, in part, reflect racial dif-
ferences in preferences for more aggressive end-
of-life care.?®> We also found disparities in the use
of reperfusion therapy, as reported by others.?6-30
These disparities may be due to delayed hospital
presentation because of delays in seeking medical
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Adjusted OR
Adjusted Unadjusted OR Patient
Rate, % (95% CI) (95% CI)

Mortality

Non-Hispanic White 13.4 reference reference

Non-Hispanic Black 10.4 0.83 (0.8,0.85) 0.7 (0.69,0.72)

Hispanic 12.6 0.95(0.92,0.98) 0.91(0.88,0.95)
Motor Deficits

Non-Hispanic White 48.1 reference reference

Non-Hispanic Black 51.1 1.14 (1.12,1.16) 1.14 (1.12,1.16)

Hispanic 47.9 1.03 (0.98,1.08) 0.99 (0.95,1.04)
Non-home Discharge

Non-Hispanic White 54.6 reference reference

Non-Hispanic Black 55.5 1.28(1.25,1.3) 1.04 (1.02,1.07)

Hispanic 455 0.79 (0.75,0.84) 0.65 (0.62,0.69)
Thrombectomy

Non-Hispanic White 3 reference reference

Non-Hispanic Black 2.7 0.78 (0.71,0.86) 0.88 (0.82,0.95)

Hispanic 31 0.9 (0.77,1.05) 1.04(0.91,1.2)
Thrombolytic Therapy

Non-Hispanic White 10 reference reference

Non-Hispanic Black 8.9 0.89 (0.84,0.94) 0.87 (0.83,0.91)

Hispanic 10.7 1.03 (0.95,1.12) 1.08 (1,1.15)

0.01 0.1

Adjusted OR

Adjusted OR
Patient+ Hospital Adjusted
(95% Cl) P value
reference ®
0.71(0.69,0.72) - 0.000
0.89 (0.87,0.92) o 0.000
reference [ ]
1.14(1.12,1.15) L] 0.000
1.04 (1.01,1.06) HH 0.72
reference [ ]
1.08 (1.06,1.1) L 0.000
0.76 (0.74,0.79) HH 0.000
reference [ ]
0.8 (0.75,0.85) o 0.001
1(0.91,1.09) —e—i 0.56
reference [ ]
0.79 (0.77,0.82) HOH 0.000
0.97 (0.93,1.02) = 0.04

1

Figure 2. Association of race and ethnicity with mortality, motor deficits, nonhome discharges, and reperfusion therapy in

patients with stroke.

The patient model was adjusted for patient age, race, ethnicity, and patient risk (see text), and the patient+hospital model was adjusted
for patient age, race, ethnicity, patient risk, and hospital characteristics (see text). The unadjusted model was adjusted for patient age,
race, and ethnicity. P values and adjusted rates are based on the patient model. OR indicates odds ratio.

treatment, less frequent use of emergency medi-
cal services, longer waiting times in the emergency
department, as well as reduced access to stroke-
certified hospitals.®™34 Notably, we found no evi-
dence of greater reductions in the use of reperfusion
therapy in Black and Hispanic patients compared
with White patients during the pandemic. In 2020,
the American Heart Association issued a Call to
Action to address the differential access to health
care services that is contributing to persistent racial
disparities in cardiovascular health.®® Although our
study suggests that COVID-19 did not exacerbate
racial disparities in stroke care, our results expose
persistent disparities in stroke outcomes that need to
be addressed. These racial disparities are most likely
caused by upstream social determinants of health
and structural racism that preferentially allocates
health care resources to White individuals over his-
torically marginalized groups who have less access
to high-quality care because of where they live and
because of differences in wealth and income.36:57
Targeted efforts to improve stroke outcomes in
historically underserved populations could include
prehospital triage programs that refer patients with
suspected large-vessel occlusions to endovascular-
capable stroke centers and the use of mobile stroke
units to reduce door-to-needle time.®

J Am Heart Assoc. 2023;12:e031221. DOI: 10.1161/JAHA.123.031221

Limitations

Our study has several limitations. First, our study is
a nonrandomized study using retrospective data,
which makes it difficult to make causal inferences.
Second, our findings are based on administrative
data that, unlike clinical data, may not capture the full
complexity of patient disease and outcomes. Despite
this, our models were able to control for key clinical
characteristics such as National Institutes of Health
Stroke Scale, the time elapsed from a prior stroke,
and stroke location. Notably, administrative data are
widely used by researchers to answer policy-relevant
questions because they are population-based and
comprehensive in scope.3-4° Third, our study only
examined the first year of the pandemic and may not
reflect changes that occurred later in the pandemic.
However, we chose to limit our study to the early
phase of the pandemic because we assumed that
hospitals were least prepared to deal with COVID-19
during this early stage, making this period most rel-
evant to use for a hospital stress test. Fourth, be-
cause our study is limited to patients aged >65years,
and Black individuals are more likely than White in-
dividuals to have a stroke at an early age (the age-
and sex-adjusted incidence rate ratio of strokes for
Black compared with White individuals is 4.02 for
patients aged 45 to 54years versus 0.86 for those
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Unadjusted OR Patient
(95% Cl) (95% Cl)

Mortality

NH White X COVID burden reference reference

NH Black X COVID burden 1.06 (1.02,1.09) 1.01(0.97

Hispanic X COVID burden 1.05 (1.01,1.09) 1.02 (0.98
Motor Deficits

NH White X COVID burden reference reference

NH Black X COVID burden 0.99 (0.97,1.02) 0.99 (0.96,

Hispanic X COVID burden 1.03 (1,1.06) 1.01(0.98
Non-home Discharge

NH White X COVID burden reference reference

NH Black X COVID burden 0.97 (0.95,0.99) 0.95 (0.92

Hispanic X COVID burden 1.03 (1,1.07) 0.99 (0.96,
Thrombectomy

NH White X COVID burden reference reference

NH Black X COVID burden 1.01 (0.93,1.09) 0.97 (0.89

Hispanic X COVID burden 1.14 (1.04 ,1.26) 1.07 (0.96,
Thrombolytic Therapy

NH White X COVID burden reference reference

NH Black X COVID burden 0.99 (0.95,1.03) 0.98 (0.94,

Hispanic X COVID burden 1.05(1.01,1.11) 1.04 (0.99

0.01 0.1

,1.05)
,1.06)

1.01)

,1.05)

,0.97)

1.03)

,1.05)

1.19)

1.03)

,1.09)

Adjusted OR

Patient+ Hospital Adjusted
(95% Cl) P value
reference ([ ]
1.02 (0.98,1.06) H 0.49
1.03(0.98,1.07) H 0.37
reference
0.99 (0.96,1.01) L} 0.32
0.99 (0.96,1.02) [ ] 0.47
reference o
0.95 (0.93,0.98) ] 0.000
0.97(0.93,1) 1 0.80
reference [ ]
0.98(0.9,1.06) o 0.40
1.05 (0.93,1.17) —o—i 0.24
reference [ ]
0.98 (0.94,1.02) 0.46
1.01(0.96,1.05) [ gl 0.10

1

Figure 3. Changes in mortality, motor deficits, nonhome discharges, and reperfusion therapy in patients with stroke as a
function of the weekly hospital COVID-19 burden interacted with race and ethnicity.

The patient model was adjusted for patient age, race, ethnicity, and patient risk (see text), and the patient+hospital model was adjusted
for patient age, race, ethnicity, patient risk, and hospital characteristics (see text). The unadjusted model was adjusted for patient age,
race, and ethnicity. P values are based on the patient model. NH indicates non-Hispanic; and OR, odds ratio.

aged >85years), and patients aged <65years com-
prise 38% of individuals hospitalized for stroke, our
findings may underestimate the impact of COVID-19
on stroke disparities."*!

CONCLUSIONS

In this study of 1.1 million hospitalizations for
stroke, the COVID-19 pandemic did not exacer-
bate disparities in stroke treatment and outcomes
for Black and Hispanic individuals. Our finding that
COVID-19 acting as a hospital stress test failed
to worsen disparities is reassuring. Nonetheless,
there are persistent disparities in the use of reper-
fusion therapy and in stroke severity that must be
addressed. Reducing these disparities may require
efforts to promote education focusing on early rec-
ognition of brain attacks and the value of emer-
gency medical services for obtaining timely care,
improving access to reperfusion therapy, increas-
ing provider cultural competency, and expanding
the numbers of underrepresented minority physi-
cians, in addition to the traditional focus on risk
factor modification.!?4243
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