1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Neurology. Author manuscript; available in PMC 2022 March 21.

-, HHS Public Access
«

Published in final edited form as:
Neurology. 2022 February 22; 98(8): e778-e789. doi:10.1212/WNL.0000000000013184.

COVID-19 and Risk of Acute Ischemic Stroke Among Medicare
Beneficiaries Aged 65 Years or Older: Self-Controlled Case
Series Study

Quanhe Yang, PhD, Xin Tong, MPH, Mary G. George, MD, Anping Chang, MS, Robert K.
Merritt, MA

Division for Heart Disease and Stroke Prevention, Centers for Disease Control and Prevention,
Atlanta, GA.

Abstract

Background and Objectives—Findings of association between coronavirus disease 2019
(COVID-19) and stroke remain inconsistent, ranging from significant association to absence of
association to less than expected ischemic stroke among hospitalized patients with COVID-19.
The current study examined the association between COVID-19 and risk of acute ischemic stroke
(AIS).

Methods—We included 37,379 Medicare fee-for-service (FFS) beneficiaries aged =65 years
diagnosed with COVID-19 from April 1, 2020, through February 28, 2021, and AIS
hospitalization from January 1, 2019, through February 28, 2021. We used a self-controlled case
series design to examine the association between COVID-19 and AlS and estimated the incidence
rate ratios (IRRs) by comparing incidence of AIS in risk periods (0-3, 4-7, 8-14, 15-28 days after
diagnosis of COVID-19) vs control periods.

Results—Among 37,379 Medicare FFS beneficiaries with COVID-19 and AlS, the median age
at diagnosis of COVID-19 was 80.4 (interquartile range 73.5-87.1) years and 56.7% were women.
When AIS at day of exposure (day = 0) was included in the risk periods, IRRs at 0-3, 4-7,

8-14, and 15-28 days following COVID-19 diagnosis were 10.3 (95% confidence interval 9.86—
10.8), 1.61 (1.44-1.80), 1.44 (1.32-1.57), and 1.09 (1.02-1.18); when AIS at day 0 was excluded
in the risk periods, the corresponding IRRs were 1.77 (1.57-2.01) (day 1-3), 1.60 (1.43-1.79),
1.43 (1.31-1.56), and 1.09 (1.01-1.17), respectively. The association appeared to be stronger
among younger beneficiaries and among beneficiaries without prior history of stroke but largely
consistent across sex and race/ethnicities.

Discussion—Risk of AIS among Medicare FFS beneficiaries was 10 times (day 0 cases in the
risk period) as high during the first 3 days after diagnosis of COVID-19 as during the control
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period and the risk associated with COVID-19 appeared to be stronger among those aged 65-74
years and those without prior history of stroke.

Classification of Evidence—This study provides Class 1V evidence that severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection is associated with increased risk
of AIS in the first 3 days after diagnosis in Medicare FFS beneficiaries =65 years of age.

Methods

Several studies have suggested that infection with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), the virus that causes coronavirus disease 2019 (COVID-19),
has been associated with an increased risk of cerebrovascular events including acute
ischemic stroke (AIS).1-8 However, the findings of association between COVID-19 and
stroke were not consistent, as studies reported the rates of stroke among patients with
COVID-19 ranging from 0.4% to 8.0% with an average of 1.4%.2 Two studies using
similar study design suggested that risk of ischemic stroke increased significantly following
diagnosis of COVID-19.3:6 One study suggested that the rates of stroke were similar
between hospitalized patients with and without COVID-19,” and another study showed
that ischemic stroke occurred less often than expected among hospitalized patients with
COVID-19.8 Differences in study designs, countries, inclusion criteria of patients and
comparison groups, sample size, and controlling for confounders may contribute to the
inconsistent findings. Few studies focused on the older population, where most stroke
occurred.?

The objective of the current study is to examine the association between COVID-19 and
risk of AIS among Medicare fee- for-service (FFS) beneficiaries aged 65 years or older. We
used a self-controlled case series study design that is based on within-person comparisons
and implicitly controls for all fixed confounding effects. Our study included more than
37,000 Medicare FFS beneficiaries who were diagnosed with COVID-19 during April 1,
2020-February 28, 2021 and AIS hospitalizations during January 1, 2019-February 28,
2021.

The primary research question of the present study is to determine the association between
SARS-CoV-2 infection and risk of AIS among Medicare FFS beneficiaries =65 years.

Study Population

We used the real-time Medicare geographic variation (GV) files to identify the beneficiaries
for this study. First, we identified all Medicare beneficiaries who had been diagnosed

with COVID-19 from January 1, 2020, through February 28, 2021 from Part A (inpatient
claims) and Part B (physician’s office claims). We used ICD-10-CM code U07.1 to identify
Medicare beneficiaries diagnosed with COVID-19. If the beneficiaries had more than one
date for a COVID-19 diagnosis, the first diagnosed date was chosen. Second, we used

the primary diagnosis code for AlIS (ICD-10-CM code 163) to identify the beneficiaries
with AIS hospitalizations from January 1, 2019, through February 28, 2021. The diagnosis
of ischemic stroke in the administrative datasets is valid and the concordance between
ICD-10-CM codes in administrative datasets and the clinical diagnosed stroke was shown
to be generally high.1911 |f the beneficiaries had more than one date of AIS hospitalization
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during the study period, the first hospitalization date was chosen. Third, we merged the
above 2 datasets using the beneficiaries’ IDs to create the dataset including all Medicare
beneficiaries diagnosed with COVID-19 from January 1, 2020, through February 28, 2021,
and incident AIS from January 1, 2019, through February 28, 2021. Fourth, we further
identified all Medicare FFS beneficiaries with at least 11 months continuous enrollment in
Medicare Parts A (hospitalization) and B (office-based care) in 2020 or at least 1 month
enrollment in 2021, and those who were diagnosed with COVID-19 from April 1, 2020,
through February 28, 2021. For the beneficiaries who died before March 1, 2021, they must
have had continuous enrollment in Medicare Parts A and B before death.

From January 1, 2019, through February 28, 2021, there were 2,297,300 beneficiaries
diagnosed with COVID-19, and during January 1, 2019, through February 28, 2021, there
were 428,105 beneficiaries hospitalized with incident or recurrent AlS. In the merged
dataset, there were 43,188 beneficiaries diagnosed with COVID-19 and incident AlS, among
which 41,631 met FFS criteria (=11 months enrollment in both Part A and B in 2020, or

>1 month enrollment in both Part A and B in 2021) and of these, 37,932 beneficiaries

were aged =65 years. Of those Medicare FFS beneficiaries aged =65 years, 37,675 were
diagnosed with COVID-19 from April 1, 2020, to February 28, 2021. After excluding the
beneficiaries with missing information on race/ethnicities, the final analytical cohort had
37,379 Medicare FFS beneficiaries diagnosed with COVID-19 and AIS (Figure 1).

Exposure and Outcome

The exposure variable was COVID-19, and the index date of COVID-19 diagnosis for each
FFS beneficiary was identified through Medicare real-time GV Part A and Part B claims
data for the period between April 1, 2020, and February 28, 2021. The outcome was AlS,
and the index date of AIS was identified using primary diagnosis codes in Part A from
January 1, 2019, through February 28, 2021. For Medicare FFS beneficiaries with more

than one date of being diagnosed with COVID-19 or AIS during the study period, the first
occurrence of events was chosen as the index date. If the Medicare FFS beneficiaries had a
diagnosis of stroke (any type and including transient ischemic attack) based on the Chronic
Conditions Warehouse definition used by Centers for Medicare and Medicaid Services!? that
occurred before January 1, 2019, they were classified as having a prior history of stroke.

Statistical Analysis

We calculated the median age and interquartile range (IQR) and the distribution of age
group, sex, race/ethnicities, AlS with and without prior history of stroke, and death before
end of follow-up for all Medicare FFS beneficiaries. We used self-controlled case series
study design to estimate incidence rate ratio (IRR) and 95% confidence interval (Cl) for risk
of AIS between 0 and 28 days following a diagnosis of COVID-19. As shown in Figure 2,
the self-controlled case series design is based on within-person comparisons (self-matched)
after exposure during an observation period subdivided into risk and control periods, and
this method implicitly controls for all fixed confounders during the period of study.3 The
null hypothesis, IRR = 1.0, implies that AIS event rates remained constant during the entire
observation period and were not affected by having COVID-19. An IRR >1.0 or <1.0
implies an increased or reduced risk of AlS following diagnosis of COVID-19. The study
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observation period started on January 1, 2019, and ended on February 28, 2021, or the date
of death for those who died before the end of follow-up. We categorized the risk periods
after diagnosis of COVID-19 into 0-3, 4-7, 8-14, and 15-28 days and the remaining periods
served as control periods.2* However, we observed a higher number of AIS at day 0 of
COVID-19 (n = 1,924) and more than expected number of AIS cases that occurred 7 days
before the COVID-19 index date. We could not determine whether these AIS cases may
have occurred after SARS-CoV-2 infection since the incubation period for COVID-19 may
extend up to 14 days.1®> Therefore, we conducted 2 analyses: one analysis had a preexposure
period from day -7 to day -1, and the risk periods of 0-3, 4-7, 8-14, and 15-28 days

(day 0 cases in the risk periods) and another analysis with a preexposure period from day

—7 to day 0, and the risk periods of 1-3, 4-7, 8-14, and 15-28 days (day 0 cases not in

the risk periods) for total AIS analysis.®16 Other studies observed similar pattern of cases
distribution around the COVID-19 index date3-® and suggested that most patients with the
same date of ischemic stroke and COVID-19 were indeed infected with SARS-CoV-2 before
stroke event.6 Therefore, we presented results of the risk periods including day 0 cases for
the stratified and sensitivity analyses.

There are 2 key assumptions of the self-controlled case series design: (1) events do not
influence subsequent exposures; (2) events do not influence the length of observation
periods.l” Among FFS beneficiaries with AlS, 28.5% of them (n = 10,663) died before
March 1, 2021, and the assumption of event being independent of observation period

was violated (due to increased mortality after AIS hospitalization), therefore we used the
modified self-controlled case series method that takes into account the event-dependent
observation period of time.1”:18 The IRRs were adjusted for age at diagnosis of COVID-19
from 65 to 90 years of age by 2-year age groups.

We conducted stratified analyses by age groups (65—74 years, 75-84 years, and =85 years),
sex, race/ethnicities (non-Hispanic White, non-Hispanic Black, Hispanic, and all other race/
ethnicities), and status of history of prior stroke (first vs recurrent stroke). We tested for
interaction to examine whether the IRRs for risk of AIS changed significantly across the
subgroups in the stratified analyses based on the likelihood ratio tests and presented adjusted
pvalues by using the Holm method for multiple comparisons.13:17.19

We conducted several sensitivity analyses: (1) we restricted the starting time to January

1, 2020, to reduce the potential temporal changes in AIS before and after the COVID-19
pandemic (n = 21,756); (2) we excluded Medicare beneficiaries with 163.8 and 163.9 (less
specific codes for AIS, n = 17,251 after exclusion); (3) we excluded all beneficiaries who
died before the end of observation period (n = 26,716 after exclusion) and used the standard
self-controlled case series analysis; (4) studies suggested that pneumococcal vaccination
was not associated with stroke.20 We examined the association between pneumococcal
vaccination and risk of AIS as a negative control to identify potential biases in using
self-controlled case series design in Medicare claims data (first date of pneumococcal
vaccination and AlS hospitalization, n = 23,651). We changed the starting time to the date
of pneumococcal vaccination because patients with heart disease or stroke are advised to
get vaccinated against pneumonia,?X which may affect the probability of pneumococcal
vaccination.?2 We used the standard self-controlled case series analysis among stroke
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survivors. SAS, version 9.4 (SAS Institute), was used for analysis, and R package SCCS
was used for self-controlled case series analyses.1”

This activity was reviewed by the Centers for Disease Control and Prevention (CDC) and
was conducted consistent with applicable federal law and CDC policy (see for example 45
CFR part 46, 21 CFR part 56; 42 USC §241(d); 5 USC 8552a; 44 USC 83,501 et seq.).

Standard Protocol Approvals, Registrations, and Patient Consents

The CDC Human Subjects Coordinator determined that this study did not require review for
human subjects protections because the data did not contain personal identifiers and were
not originally collected specifically for this study. Therefore, the requirement of informed
consent was waived.

Data Availability

Results

Medicare data are available from Centers for Medicare & Medicaid Services, Department of
Health and Human Services, for any qualified investigator.

Among 37,379 Medicare FFS beneficiaries diagnosed with COVID-19 and AlS, the median
age was 80.4 years (IQR 73.5-87.1 years), 56.7% (95% CI 56.2%-57.2%) were women, and
75.9% (75.4%—76.3%) were non-Hispanic White. Among the beneficiaries, 34.0% (33.5%-—
34.5%) had prior history of stroke and 28.5% (28.1%-29.0%) died before the end of the
observation period (Table 1).

When AIS at day of exposure (day 0) was included in the risk period, IRRs at 0-3, 4-7,
8-14, and 15-28 days following COVID-19 diagnosis were 10.3 (9.86-10.8), 1.61 (1.44—
1.80), 1.44 (1.32-1.57), and 1.09 (1.02-1.18); when AIS at day 0 was excluded in the risk
period, the corresponding IRRs were 1.77 (1.57-2.01) (day 1-3), 1.60 (1.43-1.79), 1.43
(1.31-1.56), and 1.09 (1.01-1.17), respectively (Table 2).

The association appeared to be stronger among younger (ages 65-74 years) beneficiaries
and among beneficiaries without prior history of stroke. The age-adjusted IRRs at 0-3,
4-7, 8-14, and 15-28 days following the diagnosis of COVID-19 were 14.7 (13.6-15.8),
2.45 (2.02-2.92), 1.70 (1.46-1.98), and 1.06 (0.92-1.22) among those aged 65-74 years
compared to 7.04 (6.46-7.66), 1.10 (0.89-1.35), 1.15 (0.98-1.34), and 1.05 (0.93-1.19)
among those aged =85 years (p < 0.001); the corresponding comparisons for beneficiaries
with and without prior history of stroke were 7.92 (7.26-8.63), 1.00 (0.78-1.27), 1.22
(1.03-1.43), and 1.10 (0.96-1.25) vs 14.6 (13.9-15.4), 2.41 (2.13-2.73), 1.88 (1.70-2.08),
and 1.24 (1.14-1.36) (p < 0.001). The pattern of association between COVID-19 and

risk for AIS were largely consistent across sex and race/ethnicities (Table 3) and for

the sensitivity analyses (Table 4). The IRRs between pneumococcal vaccination and AIS
were approximately 1.0 across the exposure period, suggesting the validity of using self-
controlled case series design in Medicare claims data (Table 4).
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This study provides Class IV evidence that SARS-CoV-2 infection, the virus that causes
COVID-19, is associated with increased risk of AIS in the first 3 days after diagnosis in
Medicare FFS beneficiaries =65 years of age.
Discussion

We found that the incidence of AIS hospitalizations was 10 times (day O cases in the risk
periods) as high during the first 3 days after diagnosis of COVID-19 as during the control
period among Medicare FFS beneficiaries aged =65 years. There was a graded stronger
association from older to younger beneficiaries. The association appeared to be stronger
among the beneficiaries without prior history of stroke. We observed a higher number of
AIS (n=1,924) at day 0 of COVID-19 index date. A Swedish study using self-controlled
case series design also found higher number of ischemic stroke and COVID-19 at day 0.
The IRR for ischemic stroke was 6.18 (4.06-9.42) for the first week following diagnosis of
COVID-19 (including day 0 cases in the risk periods) and IRR of 2.97 (1.71-5.15) excluding
day 0 cases.® With the mean incubation period for COVID-19 of 5.1 days (97.5% of patients
developing symptoms within 12.5 days), the Swedish study suggested that the patients at
day 0 were highly likely to be infected with SARS-CoV-2 before their stroke event. Most
hospitals screen all patients for COVID-19 on hospital admission in the United States, and
some patients with AIS may have had SARS-CoV-2 infection before hospitalizations and
continue to have positive testing results after the initial infection. Those patients were likely
to have the same date of AIS hospitalizations and COVID-19 diagnosis in the Medicare
claims but also to have an AlS precipitated by SARS-CoV-2 infection.

Our results of increased risk for AIS following diagnosis of COVID-19 were consistent with
other studies.13:56 Modin et al.3 used Danish nationwide register data and self-controlled
case series design to examine the association between COVID-19 and ischemic stroke

and reported an IRR of 12.9 (7.1-23.5) during the first 14 days following diagnosis of
COVID-19. However, using data extracted from the electronic medical records of 54 health
care facilities in the United States, Qureshi et al.” documented similar rates of AlS among
patients hospitalized with and without COVID-19 (1.3% vs 1.0%). Another retrospective
cohort study of hospitalized patients with COVID-19 within a major health system in

the New York City metropolitan area reported lower prevalence of imaging-confirmed

AIS compared to the contemporary controls (patients without COVID-19) and historical
controls (patients in 2019), but suggested that the rate of AIS may be underestimated

due to the challenge of diagnosing stroke among critically ill patients with COVID-19.23

A cross-sectional study of the hospital discharge data from a health care system in New
York state with data collected from January to April 2020 found that the prevalence of

AIS was significantly less frequent among patients with diagnosed COVID-19 compared to
those without COVID-19 (adjusted odds ratio 0.29 [0.18-0.48]).8 Residual confounding and
uncertainties in coding of COVID-19 during the early phase of the pandemic may contribute
to this observed association. The findings of our study support those of previous studies of
a significant association between COVID-19 and stroke and provide further evidence of the
association from a large Medicare cohort of beneficiaries 65 years or older.
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Our results suggest that the risk of AIS following diagnosis of COVID-19 was higher among
beneficiaries aged 65-74 years compared to those aged =85 years (IRR in 0-3 days 14.7
(13.6-15.8) vs 7.04 (6.46-7.66), p < 0.001). We are not aware of any study that provided
age-stratified analysis of risk of COVID-19-associated AlS. The reasons for stronger
association among younger Medicare beneficiaries are not clear. Studies have reported
increased incidence of large vessel stroke among younger patients with COVID-19.4:24
Other studies observed that patients with COVID-19 and stroke were significantly younger
than patients with stroke without COVID-19,23:25-27 with a pooled age difference of 6
years.2 In the general population, the incidence of stroke increases rapidly with age.%28

If COVID-19 disproportionally affects younger patients with respect to risk of stroke,

it might partly explain the stronger association between COVID-19 and AIS among
younger Medicare beneficiaries because of relatively lower baseline risk among younger
beneficiaries. On the other hand, the higher risk among younger beneficiaries might be due
to inclusion bias because older beneficiaries with severe COVID-19 might have not survived
to get tested for COVID-19 or evaluated for stroke. Further studies are needed to examine
the incidence of stroke subtypes by age group.

The risk of AIS following diagnosis of COVID-19 appeared to be higher among
beneficiaries without a history of stroke compared to those with a history of stroke (IRR

in 0-3 days 14.6 [13.9-15.4] vs 7.92 [7.26-8.63], p < 0.001). The reasons for the stronger
association among the beneficiaries without history of stroke are not clear. Medicare
beneficiaries with history of stroke may be more likely to be on medications for secondary
prevention of stroke.2%30 The beneficiaries who had a history of stroke were older than the
beneficiaries without a history of stroke (median age 82.1 years vs 79.2 years, p < 0.05) and
this might partly contribute to the stronger association because of the stronger association
between COVID-19 and AlS among younger Medicare beneficiaries. The association
between COVID-19 and AlS appeared to be stronger among men compared to women

(0= 0.011). The detailed analysis suggested that the difference was mainly driven by the
IRRs 8-14 days after diagnosis of COVID-19 (1.70 (1.50-1.93) among men vs 1.25 (1.11-
1.41) among women. The association between COVID-19 and AIS appeared to be different
across race/ethnic group (p= 0.010). There is no difference between non-Hispanic White
and non-Hispanic Black (p = 0.293) and between Mexican American and Other (p = 0.268)
but the risk appeared to be stronger among Mexican American and Other compared to
non-Hispanic White and non-Hispanic Black. However, the pattern of association remained
largely consistent across race/ethnic group, and these statistically significant differences

by sex and race/ethnicities may not be clinically significant. Further study is warranted to
determine the sex and race/ethnic-specific association between COVID-19 and AlS.

Many studies provided evidence showing the presence of systemic infection, such as
influenza, systemic respiratory tract infection, and herpes zoster, as a trigger of stroke.31-36
The mechanisms underlying the association between COVID-19 and risk of stroke are not
yet fully understood but are considered complex and may involve multiple pathways. The
key proposed mechanisms suggested that SARS-CoV-2 binds to the angiotensin-converting
enzyme 2 receptors of epithelial and endothelial cells where the immunologic activation
occurs that can lead to development of cytokine storm and hypercoagulability, and an
increased tendency of blood clots formation, leading to increased risk of AlS.2:37 SARS-
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CoV-2 infection may also have direct viral injury causing viral-induced endotheliitis,
potentially leading to angiopathic thrombosis.38 The analysis of endothelial cells from the
human brain suggested that SARS-CoV-2 can directly affect the brain endothelial cells,
triggering a unique gene expression profile in brain endothelia, and increase the risk of
stroke.39

Studies suggested that COVID-19-associated ischemic strokes are more severe, with worse
functional outcomes and significantly higher mortality, than non—-COVID-19-associated
ischemic strokes.2-27:40.41 Ajlthough the overall incidence of COVID-19-associated AIS

is not clear, emerging evidence suggests that the incidence of large vessel stroke may
increase in patients with COVID-19 who might not have the typical risk factors for
stroke.2424 Timely diagnosis of COVID-19-associated stroke and providing recommended
treatment might play important roles in reducing the morbidity and mortality in patients with
temporally COVID-19-associated stroke during the pandemic. Further studies are warranted
to examine the long-term effects of COVID-19-associated stroke.

The main strength of this study is the use of the self-controlled case series study design.
This study design is based on within-person comparisons and implicitly controls for all fixed
confounders.#2 Also, the self-controlled case series is more efficient than other observational
study designs and provides more precise estimates of the exposure effects on risk of
outcomes. 3

Our study had several limitations. First, we used Medicare real-time GV preliminary data
that are updated on a monthly basis. We might have missed some beneficiaries with
diagnosed COVID-19 and AIS or have misclassified some beneficiaries who died before
end of follow-up as alive because of delayed reporting. However, Centers for Medicare

& Medicaid Services indicated that more than 95% of Medicare FFS in-hospital claims
were received within 3 months.*3 Second, Medicare beneficiaries with COVID-19 were
identified through the administrative claims data and might be subject to misclassification.
However, one study suggested that the physicians and hospitals were likely to follow the
recommendations and guidelines regarding COVID-19 diagnosis because of the seriousness
of the COVID-19 pandemic.** Third, the dates of diagnosed COVID-19 and AIS in
Medicare data might be subject to error. Diagnostic testing for COVID-19 in outpatient
settings, especially during the early phase of the pandemic, was limited and types of

tests used to confirm COVID-19 and turnaround time from the onset of symptoms to

return a positive test varied. In addition, the beneficiaries without COVID-19 symptoms
were unlikely to get tested in the outpatient settings. We observed higher number of AIS
and COVID-19 at day 0 and more than the expected AlS hospitalizations within 7 days
before the index date of diagnosed COVID-19. Screening all patients for COVID-19 on
hospital admission including some patients who may continue to have positive testing results
after the initial infection might contribute to the higher number of AIS and COVID-19 at
day 0. These factors may affect the accurate timing of exposure to SARS-CoV-2 among
Medicare beneficiaries. Fourth, the self-controlled case series methods assume that the
other confounders affecting the outcome remain largely unchanged during the study period.
However, the COVID-19 pandemic affected all hospitals and health care systems, including
changes in emergency department visits and hospitalizations for stroke or stroke-like
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symptoms, care of acute stroke, and access to preventive care.>2745-47 These changes may
affect the assumption of unchanged confounders during the study period. In the sensitivity
analyses, we restricted the starting time of the study to January 1, 2020, and pattern of
association remained largely consistent. Fifth, we restricted our study to Medicare FFS
beneficiaries, which included about 60% of Medicare beneficiaries, thus our findings are not
generalizable to non-FFS beneficiaries.

Incidence of AIS hospitalizations was 10 times (including day O cases in the risk periods)
as high during the 3 days after diagnosis of COVID-19 as during the control periods and
risk associated with COVID-19 appeared to be stronger among younger Medicare FFS
beneficiaries and among beneficiaries without history of stroke.
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Medicare beneficiaries diagnosed with
COVID-19 between January 1, 2020
and February 28, 2021 (Part A and Part B)
(N =2,297,300)

Medicare beneficiaries who had first
hospitalizations with acute ischemic stroke (AIS)
between January 1, 2019 and February 28,2021

(N = 428,105)

Medicare beneficiaries who had both diagnosed COVID-19 and AIS hospitalizations
(n=43,188)

l

>1 month continued enroliment in 2021 in Part A and Part B
(n=41,631)

Medicare fee-for-service (FFS) benficiaries who =11 months continued enrollment in 2020 or

v

Medicare FFS benficiaries aged 265 years at COVID-19 diagnosis in 2020-2021
(n=37,932)

A

(n=37,675)

Medicare FFS benficiaries diagnosed with COVID-19 between April 1, 2021 and February 28, 2021

Excluded (n = 296):
+ Observations missing race and ethnicity information

Final study population (n = 37,379):

* Medicare FFS beneficiaries aged 265 years who were diagnosed with COVID-19 between
April 1, 2020 and February 28, 2021 and first hospitalizations with AIS between January 1, 2019
and February 28, 2021

Figure 1.

Flowchart of US Medicare FFS Beneficiaries With Diagnosed COVID-19 and Acute

Ischemic Stroke, 2019-2021
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Graphic Representation of Self-Controlled Case Series Study Design
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Table 1

Characteristics of US Medicare Fee-for-Service Beneficiaries With Diagnosed COVID-19 and Acute Ischemic

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Stroke, Medicare 2019-2021

Characteristics

Medicare FFS
beneficiaries, n

Median or %
(95% CI)

Age, y, median (IQR) 37,379 80.4 (73.5-87.1)
Age group, y
65-74 11,305 30.2 (29.8-30.7)
75-84 13,873 37.1 (36.6-37.6)
>85 12,201 32.6 (32.2-33.1)
Sex
Men 16,199 43.3 (42.8-43.8)
Women 21,180 56.7 (56.2-57.2)
Race/ethnicities
Non-Hispanic White 28,361 75.9 (75.4-76.3)
Non-Hispanic Black 5,030 13.5(13.1-13.8)
Hispanic 2,560 6.9 (6.6-7.1)
All other race/ethnicities 1,428 3.8 (3.6-4.0)
History of stroke a
Yes 12,715 34.0 (33.5-34.5)
No 24,664 66.0 (65.5-66.5)

Death before end of follow-up

Yes

10,663

28.5 (28.1-29.0)

No

26,716

715 (71.0-71.9)

Abbreviations: Cl = confidence interval; COVID-19 = coronavirus disease 2019; FFS = fee-for-service; IQR = interquartile range.

aMedicare FFS beneficiaries who had stroke before January 1, 2019.

Neurology. Author manuscript; available in PMC 2022 March 21.



Page 16

Yang et al.

"'6T-AIAOD 10 sisoubelp Jo sAep gz Jaige pue sisoubelp 6T-AIAOD 40 31ep alojaq sAep / 01 ‘6T0Z ‘T Alenuer U0 1elS UOIRAISSAO WOoJy Wl ||

q

‘dnoJb abe reak-z Aq abe Jo s1eak 06—59 40 6T-AIAOD 40 sisoubeip ye abe Aq tm«m:_n,qm

"0l7R4 884 32UBPIAUI = Y| ‘6T0Z 9SLaSIP SNUIABUOI0D = ST-AIAOD ‘[eAIS1UI S80USPIILOD = |D :SUOIRIASIGAY

0T 0T Legze ¢> M
(LT'1-10T) 60T (21'1-96'0) ¥0'T Ge.  P8zST
(95'T-TET) EV'T (6Y'1-G2'T) 9€'T €S v1-8
(62'T-€¥'T) 09'T (021-9eT) 28T eee Lv
(T0'g-28T) LT (16'T-67'T) 69'T 62 €T
(€8'5-2£'5) 09°G (§5°6-€1'9) v€'S €TL'T 00} /-

p ‘poraad Ysi1 8y} Ul J0u sased O Aeq

0T 0T eg'ze g
(8T'1-20T) 60T (e1'1-96°0) ¥0'T GeL 82-GT
(L8 T-2eT) 1T (67'1-G2'T) LE'T €S v1-8
(08'T-77'T) T9'T (TLT-L£T) €5T zee L=
(8'01-98'6) £0T (e'01-0v'6) 28'6 €LT'C €0
(S0'2-8LT) 16T (56'1-69'T) 28'T 68, T-01/-

p ‘poraad s ay3 ui sased g Aeq

(10 %656) ¥ pasnipe-aby

(10 9%G6) "1 8pnuD

u‘sjusng  porsad ysiy

Neurology. Author manuscript; available in PMC 2022 March 21.

1202-6T0Z ‘6T-AQIAOD YN pasoubelq saLielolyauag ad1AI9S-104-99 aIedIPaIAl SN Buowy 8X0.1S dIWaYds| 8Ny
¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 17

(e€'2-68'T) 0T°C (8T'2-LLT) 96T 69 p1-01.-

UsIN

e

T700°0> 0T 0T 828'0T oSuIesed
(6T'1-€6'0) SO'T (¥T'1-88'0) 00'T 1414 p 8z-sT
(r€'1-86'0) ST'T (82'1-¥6'0) 60'T 65T P ¥1-8
(5€'1-68°0) OT'T (621-58'0) SO'T 18 P L
(99°2-97'9) v0°L (te'21-81°9) 2L'9 685 p£-0
(z0z-65T)6LT (€6'T-2ST) TLT 82 p1-01 /-

582

0T 0T 9z2'eT oSuIesed
(82'1-00T) ET'T (€2'1-96'0) 60'T L1z p 8z-ST
(2L 1-0eT) YT (S9T-tZT) EV'T 96T P ¥1-8
(18'T-¥2'T) 05T WL T-6TT) 1T L0T pLv
(#'11-82'6) 50T (6:01-T¥'6) T'0T 06. p£-0
(TT2-997) 2871 (€0Z-097) 08T Lz p1-01 /-

¥8-GL

0T 0T €8.'6 oSuIesed
(zz'1-26'0) 90'T (L1'1-68'0) 20T 0T p 8z-sT
(86'T-9¥'T) 0L'T (06'T-0¥'T) €9'T 89T P ¥1-8
(e6'2-502) sv'e (6L2-L6T) SEC 8c1T p v
(8'GT-9°€T) LT (TST-TED) THT 6. p£-0
(Srz-88T) ¥ (5e'2-08'T) 90T 8¢ pI-01/-

v1-69

A *dnoub aby

Neurology. Author manuscript; available in PMC 2022 March 21.

Yang et al.

anfend (1D %56) ¥l peisnipe aby

q (1D %56) ¥4l 9pnuD U ‘sjusng sansIIaloRIRYD

1202-6T0Z ‘Sonsualorieyd pa10slas Aq 6T-AIAOD pasouleliq YA salieIdlauag 991AI8S-104-894 a1edIpalA SN Buowy 84011S dIWayds| 1oy
€ 9|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 18

Yang et al.

oluedsiH

0T 0T 29v'y oSulIesed
(6v'1-00'T) 22'T (ev'1-56'0) 9T'T 00T p 82T
(T6'T-9T'T) 6V'T (e8'T-TTT) ¢v'T 29 P v1-8
(Tre-8z1) 9L'T (0e'z-€2T) 89T 6¢ p L
(TeT-zon) 911 (521-926) O°'TT 892 pe-0
(LSTzrn e (9r'z-59'T) T0'C 66 Aep1-0) .-

3oe|g o1uedsiH-UoN

0T 0T 056'7C oSulIesed
(67'1-00'T) 60'T (€T'1-96'0) ¥0'T 095 p 82T
(85'1T-62'T) EV'T (05'1-€2T) 9€'T 86€ P v1-8
(9L1-28T) 55T (89'T-0€T) 8Y'T 6€2 p L
(5'01-9v'6) 266 (0'0T-¥0'6) 156 €19'T pe-0
(L07-9.T) 06'T (26'T-89T) 28T 109 pT1-01/-

SHMYAN O1uedSIH-UON

sanIluyls/eIey

1100 01 0T  889'81 ooulIesed
(921T-70T) ST'T (czT-T0T) TT'T 0S¥ p 82-ST
(Tr'1-1TT) 52T (Le'1-20T) T2'T v9C P ¥1-8
(9L1-1€T) 28T (0£'1-92'T) L¥'T G/T p L
(5'01-62'6) L8'6 (z'01-10'6) 256 €8T'T pe-0
(202-99'7) €8T (S6'T-T9'T) LL'T oz pT-03/-

UBWOAN

0T 0T 6YT'YT oouHesed
(ST'T-16°0) 20°T (L0'T-¥8'0) 560 S8 p 82T
(e6'T-05'T) 0L'T (08'T-0v'T) 6S'T 65¢ P ¥1-8
(L02-6Y'T) SL'T (€6'T-6€'T) ¥9'T LyT p L
(6'1T-5'0T) 2'TT (T'T1-8L'6) ¥'0T 066 pe-0

Neurology. Author manuscript; available in PMC 2022 March 21.

anfeAd (10 %56) Yl paisnipe sby

q (10 9%G6) "yl 8pniD U ‘sjusng sonsLisloRIRYD

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 19

Yang et al.

100°0> 0T

0T

(9 T¥TT) 2T

(FeT-2TT) €T

(80'2-0.'T) 88°T

(S02-19'T) S8'T

(eLz-€12) 1re

(69'2-0T2) 8E'C

(7'ST-6'€T) 97T

(ZST-LeD) ¥vT

£88'T2 ooulIesed
26v P 82-ST
ale P yT-8
a5z P Ly
109'T PE-0

(02'2-82°2) 87

(99'2-52°2) sv'e

1SS p1-03}.-

0T

0T

(52'1-96'0) OT'T

(21°1-98°0) 86°0

(ev'1-€0T) 22T

(82'1-€6'0) 60'T

(Lz'1-82°0) 00T

(#T'1-02°0) 06'0

(€9'8-92'2) 26°L

(92°1-659) €T'L

ON

YSr'TT ooulIesed
vz p 8251
w1 P ¥1-8
19 p L
995 p -0

(z6'1-87'T) 69'T (EL'T-¥ET) 25T 8¢ p1-03 /-

SOA

950435 J0 A101SIH

0100 0T 0T 9€2'T oSuIesed
(0z'1-87'0) 9L°0 (zT'1-5v'0) TL°0 6T p 82T
(68'C-€'T) 96'T (69'2-52'T) €8T LT P v1-8
(8T°¢-0T'T) 28T (96'2-€0T) vL'T T Pl
(8'sT-1'01) 8°2T (9v1-TL'6) 6'TT 20T pe-0
(69'2-6¢'T) 98T (T§z-12T) ¥L'T 0€ p1-01/-

SalvIUYI8/edRl J3U10 ||V

0T

0T

(65°T-€6'0) TZ'T

(15'7-68°0) 9T'T

(20Z¥0T) S¥'T

(€6'7-66'0) 8E'T

(6T'e-¥S5T) 22C

(r0'e-87'1) 2T'C

(6'ST-L'TT) 9°€T

(zsT-zTI) T°ET

(98'2-02'T) 022

(r22-€9T) 112

q®NMeAd (1D %0G6) I parsnipe aby

(10 %G6) "d1 8pniD

- ounaseg
99 P 8¢-9T
9¢€ P ¥1-8
0€ Pl
06T pe-0
69 pT1-01/-
U 'sJusng sonsiIaloRIRYD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Neurology. Author manuscript; available in PMC 2022 March 21.



Page 20

Yang et al.

"6T-AIAOD 40 sisoubelp Jo sAep gz Jaye pue sasoubelp 6T-AIAOQD 10 a1ep a104aq sAep / 01 ‘6T0Z ‘T Alenuer UO 1elS UOIBAISS]O WOJY Sawn I,
"SpoylaWw WjoH uo paseq uosuedwod ajdnnw oy paisnipe pue 1sa} oel pooyi|axi] Buisn paye|najes sem uonoeIsul 10y ms_@>qQ
"dno.b abe reak-z Aq sreak 06—59 J0 6T-AINOD 40 sisoubelp e abe Aq uma:.:o,qm

"017R1 384 32UBPIAUI = Y| ‘6TOZ 3SLaSIP SNUIABUOI0D = ST-AIAOD ‘[eAI31UI S80USPIIUOD = | SUOIRIASIGAY

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Neurology. Author manuscript; available in PMC 2022 March 21.



Page 21

Yang et al.

(Lz1-86'0)2T'T  (S2'1-66'0) 2T'T v5e pLv
(82'1-66'0) ET'T (G2’ T-66'0) ET'T 952 pe-0
J 1202 ‘8z Adenuga- 01 ‘6T0Z ‘T Adenuer Wodj S| puUe UoieuIdIeA [320%0WNnaud pey oym ssLIeidyauag S4- aJedlpajn
0T 0T 80.'€C g°Heses
(LT'1-86'0) 20T (LT'T-86°0) L0'T 65 P 82-GT
(TL1-06T) 19T (2L T-18T) 19T €5 p¥1-8
(SLT-vT) 19T (SLT-LPT) 19T ¥02 pLv
(2711910 91T (L' TT-9'TT) L'TT 187'T p£-0
(rez-9re)see  (vee-L12) 9Ce S0S p1-01 .-
s po11ad UOIIBAISSAO JO PUS 3Y) 81043Q PaAIP OYM SaLIRIdIaUag S a4edIpalAl Pals|ed
0T 0T €98'7T A
(Te'1-20T)8T'T  (L2T-v0'T) ST'T 26 P 82-ST
(98'1T-8v'T) 99T (T8 T-v¥'T) T9'T 662 p v1-8
(9T'2-19T) 98T  (602-LG'T) T8'T 98T pLv
(c11-68'6) S0T  (6'0T-€9'6) €'0T 80T'T pe-0
(tzz-18T) 00 (ST'2-9L'T) G6'T 1014 p1-031.-
p SPO sisoubelp 6°€91 pue g'€91 YuMm S1v Buipnjox3
0T 0T vI2'LT g°Heses
(ST'T-66'0) 0T  (ET'T-L6'0) SO'T GeL P 82-GT
(ss1-0eT) eyt  (25T-82°T) OV'T €S pv¥1-8
(08T-v7T) 19T  (LLT-2r'T) 85T 44> pLv
(6:01-26'6) 0T (L'0T-9L'6) ¢'0T eLT'e p£-0
(80z-08T)€6'T (S0T-LLT) 06T 68. p1-01 .-
, 0e0e ‘T Agenuer 01 porsad Apnis ayl Jo awin Builaels ayl palolslIsay
{10 %56) y M__Wmﬁww,mw 0 L@Macﬂwﬂ poriad ysiy

dd| paisnipe-sby

T20Z—6T0Z 81eIpalA ‘salieIdljauag 801AI8S-10]-99- 8IBDIP3IAl SN Buowy 80418 21WaYds| 8INdY J0 sasAjeuy AlIAIISUSS

Author Manuscript

Author Manuscript

¥ alqeL

Author Manuscript Author Manuscript

Neurology. Author manuscript; available in PMC 2022 March 21.



Page 22

Yang et al.

"(TG9'€Z = U) SIOAIAINS 8X0.1S BuOwWe Pasn sem saLlas ased
pa]10J1U09-4|3S pJepuelS "TZ0Z ‘87 Aleniga- uo papus pue polad Apms ay Jo sl Burels ayl sem UoIeUIdIRA [220090WNaUd JO 31ep 8y | "SISABUE 3y J0) UBSOYD Sem a1ep 1si1y ayp ‘suonezijendsoy S|y 1o

UOI_UID0BA [200000WNBUd BUO UBY) 810W PRy S3LIBIoLaUaq aJedIpalAl 8yl J1 “TZ0Z ‘82 Aleniged 01 ‘6T0Z ‘T A/enuer Wwoiy S| Pue UOITEUIdoRA [820000WNaUd pey OYM SaLIBIolBUaq S 8IedIpaiA uwn:_o:_\

*(9T/'9Z = u) papn|oxa a1am dn-moj|o) JO PUS 8} 310480 PAIP OYM S3LIRIDIBUS] S SIBOIPAIN,

(52T = u) s9p02 sisoufeIp OT-ADI 6'€91 PUE 8'EYI PeY Jey) SISED SV vmc:_oxwQ

(96212 = U) TZ0Z ‘82 Alenigad Uo papus pue ‘0z0z ‘T Arenuer sem potsad UoeAIasqo ayl 4o awi Buiels ms._.g
"6T-AIAOD 10 sisoubelp 4o sAep gz Jaie pue sasoubelp 6T-AIAOD JO a1ep 21043q sAep / 01 ‘6TOZ ‘T Asenuer Uo LIels UOIIRAISS]O W) swin __<Q
‘dnoub abe Jeak-z Aq sieak 06-G9> 40 6T-AIAOD 10 sisoubelp 1e abe Aq uwum:_u,qm

"011BJ 81RJ 80UBPIOUI = Y| ‘80IAI8S-10}-88) = S ‘6T0Z 8SE8SIP SNIIABUOI0D = 6T-AIAQD ‘[EAIBIUI 30USPIILOD = [ ‘8X0.1S JIWBYISI BINJE = S|V :SUOHRIABIGAY

0T 0T £98'T2 gouiIsed

(FT'1-66'0) L0T  (¥T'1-66'0) LO'T 8 p 82-G1T

(€2T-€0T) ET'T  (€2T-€0T) ET'T Ly P ¥1-8
{10 %56) (1D %56) Sjuane poriad sy

dd| paisnlpe-aby HYI9PNIO 40 13GUINN

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

PMC 2022 March 21.

in

available

Neurology. Author manuscript



	Abstract
	Methods
	Study Population
	Exposure and Outcome
	Statistical Analysis
	Standard Protocol Approvals, Registrations, and Patient Consents
	Data Availability

	Results
	Discussion
	Authors
	Table T1
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4

