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Background: Cerebrovascular diseases (CVDs), including varying strokes, can recur
in patients upon coronavirus disease 2019 (COVID-19) diagnosis, but risk factor
stratification based on stroke subtypes and outcomes is not well studied in large
studies using propensity-score matching. We identified risk factors and stroke
recurrence based on varying subtypes in patients with a prior CVD and COVID-19.
Methods: We analyzed data from 45 health care organizations and created cohorts
based on ICDs for varying stroke subtypes utilizing the TriNetX Analytics Net-
work. We measured the odds ratios and risk differences of hospitalization, ICU/
critical care services, intubation, mortality, and stroke recurrence in patients with
COVID-19 compared to propensity-score matched cohorts without COVID-19
within 90-days. Results: 22,497 patients with a prior history of CVD within 10 years
and COVID-19 diagnosis were identified. All cohorts with a previous CVD diagno-
sis had an increased risk of hospitalization, ICU, and mortality. Additionally, the
data demonstrated that a history of ischemic stroke increased the risk for hemor-
rhagic stroke and transient ischemic attack (TIA) (OR:1.59, 1.75, p-value: 0.044*,
0.043*), but a history of hemorrhagic stroke was associated with a higher risk for
hemorrhagic strokes only (ORs 3.2, 1.7, 1.7 and p-value: 0.001*, 0.028*, 0.001*). His-
tory of TIA was not associated with increased risk for subsequent strokes upon
COVID-19 infection (all p-values: � 0.05). Conclusions: COVID-19 was associated
with an increased risk for hemorrhagic strokes and TIA among all ischemic stroke
patients, an increased risk for hemorrhagic stroke in hemorrhagic stroke patients,
and no associated increased risk for any subsequent strokes in TIA patients.
Keywords: COVID-19—Cerebrovascular disease—Ischemic stroke—Hemorrhagic
stroke—Transient Ischemic attack—Cerebrovascular complication—Stroke
recurrence
© 2022 Elsevier Inc. All rights reserved.
Introduction

Coronavirus disease 2019 (COVID-19), a recognized
public health emergency of international concern, has
posed diagnostics and treatment challenges, especially for
patients with a prior history of cerebrovascular disease
(CVD) and various neurological diseases.1�5 It
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predominantly affects the respiratory system but has been
observed to cause systemic inflammation, particularly
inflammation of endothelial linings within the vascular
system, resulting in CVDs, including varying strokes that
can cause significant morbidity and mortality.6�8

Although the risk of developing strokes such as ischemic
and hemorrhagic strokes increases with age, comorbid-
ities, and diminished immune response,9 there are
reported cases of younger patients with no significant
comorbidities who suffered from strokes after contracting
the virus.10

Studies have shown acute strokes following COVID-19
diagnosis,6,11�14 and its accelerated progression upon
infection.15�17 Additionally, it has been demonstrated
that any history of stroke and other CVDs are associated
with increased in-hospital morbidity and mortality in
2022: 106591 1
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COVID-19 patients, even when controlled for other
comorbidities, such as hypertension and diabetes through
propensity-score matching.4,5,18 Currently, no studies
have investigated the association of COVID-19 with
stroke recurrence while distinguishing different stroke
subtypes. Further studies are needed to understand
COVID-19 as an independent risk factor for stroke recur-
rence. Since both COVID-19 and any prior history of
CVDs are associated with stroke incidence, in the present
study, we aimed to determine if COVID-19 is an indepen-
dent risk factor for stroke recurrence based on varying
subtypes in patients who have had a prior CVD diagnosis.
We sought to investigate COVID-19 as a risk factor using
different stroke subtypes (i.e., individual International Clas-
sification of Diseases, Tenth Revision (ICD-10) codes), which
include hemorrhagic strokes, ischemic strokes, and tran-
sient ischemic attack (TIA).

Methods

We performed this retrospective study within a 90-day
follow-up post-COVID-19 diagnosis by analyzing the de-
identified TriNetX Analytics Network data. TriNetX is a
global federated network comprised of data from elec-
tronic health records in 45 healthcare organizations in the
U.S., totaling 53.8 million patients. The de-identified data-
set does not provide data on individual hospitals and
does not require institutional review board approval. The
electronic medical encounters of 104,750 CVD patients
older than 18 years between December 30th, 2010, and
December 30th, 2020, were queried based on ICD-10
codes. (2021 data was not available when the authors con-
ducted the study.) Specifically, ICD-10 codes to identify
CVDs/stroke subtypes: non-traumatic subarachnoid
hemorrhage (I60), non-traumatic intracerebral hemor-
rhage (I61), other and unspecified non-traumatic intracra-
nial hemorrhage (I62), cerebral infarction (I63), occlusion,
and stenosis of precerebral arteries, not resulting in cere-
bral infarction (I65), occlusion and stenosis of cerebral
arteries, not resulting in cerebral infarction (I66), and
other cerebrovascular diseases (I67).
The patient population was divided into 2 propensity-

score matched cohorts based on a confirmed COVID-19
diagnosis at least 7 days after CVD diagnosis. The
authors’ recent publication provides the methodological
details regarding the COVID-19 status determination.5 To
avoid overgeneralization and elucidate the differences in
risk factors and associations, we compared 7 unique ICD-
10 codes (I60, I61, I62, I63, I65, I66, and I67) to the respec-
tive propensity-score matched control cohort in separate
analyses.

Statistical analysis

We used propensity-score matching to control con-
founding factors, such as age, sex, race, ethnicity, comor-
bidities such as essential/primary hypertension, type 2
diabetes mellitus, nicotine dependence, overweight/obe-
sity, chronic kidney disease, atrial fibrillation/flutter, and
asthma. A “caliper” of 0.1 pooled standard deviations of
the propensity scores in aggregate was set to avoid match-
ing patients with very different propensity scores. We cre-
ated matched cohorts of patients with the same baseline
characteristics, risk factors, and comorbidities. The control
cohort consisted of a 1:1 propensity-score matched to each
of the 7 previous cohorts except without COVID diagno-
sis within 90 days of a regular office visit (Z00.00: Encoun-
ter for general adult medical examination without
abnormal findings). After propensity matching, 22,497
patients had CVD and a COVID-19 diagnosis, and 22,497
patients with CVD and no history of COVID-19. We per-
formed this analysis to identify any significant differences
in primary outcomes of CVD recurrence, hospitalization,
ICU/critical care services, intubation, and mortality
within 90 days of COVID-19 diagnosis. We calculated the
odds ratios (ORs), relative ratios, and risk differences
using the TriNetX platform. In particular, the z- test was
used to evaluate the statistical significance of the risk dif-
ference. For groups with zero patients with adverse out-
comes in the matched control cohort with a significant
risk difference in the p-value, ORs are reported as inf. Sta-
tistical significance was set at a 2-sided p < 0.05.
Additionally, the TriNetX’s “Number of Instances”

analysis was used to compare the number of times a CVD
occurred during the 90-day post-COVID-19 diagnosis or
physician visit in the case of the control cohort. A T-test
was performed on the number of instances of outcome
per cohort (patients with zero instances were included in
the mean). The study followed the STROBE guidelines.19
Results

Baseline characteristics of individual ICD-10 for CVD
patients with and without COVID-19

There were 22,497 patients with a prior CVD diagnosis
within 10 years and a confirmed COVID-19 diagnosis sep-
arated into 7 cohorts, and 22,497 patients in the respective
propensity-score matched control cohorts without
COVID-19 diagnosis. Supplemental Table 1 delineates the
baseline characteristics for the individual ICD-10 cohorts
for each CVD and their separate control cohorts without a
COVID-19 diagnosis before propensity-score matching.
Overall, in patients with a history of CVD, there were sig-
nificantly more males, Black/African American, His-
panic/Latino, with type 2 diabetes or atrial fibrillation/
flutter in the COVID-19 group than in the non-COVID-19
group (all p-values < 0.05).
Outcome comparison between individual ICD-10 for
CVD patients with and without COVID-19

The adverse outcomes for patients with different CVDs
and COVID-19, compared to matched control without



Fig. 1. Outcome Analysis of (A) non-traumatic subarachnoid hemorrhage (I60) + COVID-19 vs. I60 - COVID-19, (B) non-traumatic intracerebral hemorrhage
(I61) hemorrhage + COVID-19 vs. I61 - COVID-19, (C) other and unspecified non-traumatic intracranial hemorrhage (I62) + COVID-19 vs. I62 - COVID-19,
(D) cerebral infarction (I63) + COVID-19 vs. I63 - COVID-19, (E) occlusion and stenosis of precerebral arteries, not resulting in cerebral infarction
(I65) + COVID-19 vs. I65 - COVID-19, (F) occlusion and stenosis of cerebral arteries, not resulting in cerebral infarction (I66) + COVID-19 vs. I66 - COVID-
19, (G) other cerebrovascular diseases (I67) + COVID-19 vs. I67 - COVID-19. Numbers above the graph represent the p-values for each group; all significant p-
values are denoted by * inside a box.
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COVID-19, are shown in Fig. 1 (the ORs with the error
bars represent 95% confidence intervals (CI) with the risk
difference p-values). Fig. 2 shows a heatmap of the ORs
reported in Fig. 1 with significant outcomes denoted by a
dot in the center. The associated details and numbers are
described below and can be found in Table 1 and Supple-
mental Tables 2�8. Patient counts of 1�10 are reported as
10 by TriNetX to obfuscate patient and HCO identity.
Patients with a history of hemorrhagic (subarachnoid,

intracerebral, intracranial hemorrhage) were at increased
risk of intracranial hemorrhage (OR: 3.2, 1.7, 1.7, p-value:
0.001*, 0.028*, 0.001*) following COVID-19 diagnosis
compared to non-COVID patients. Additionally, patients
with a history of ischemic stroke (cerebral infarction)
were at a lower risk of another ischemic stroke but a
higher risk of hemorrhagic stroke and transient ischemic
attack (TIA/occlusion and stenosis of cerebral arteries
not resulting in infarction) with OR: 0.59, 1.59, 1.75, and
p-value: < 0.0001*,0.044*, 0.043*. In patients with any
history of stroke and TIA, the diagnosis of COVID-19



Fig. 2. Heatmap of OR for adverse outcomes for individual ICDs with COVID-19 versus individual ICDs without COVID-19. The CVD ICDs include any
CVD (I60�I69), nontraumatic subarachnoid hemorrhage (I60), nontraumatic intracerebral hemorrhage (I61), other and unspecified nontraumatic intracranial
hemorrhage (I62), cerebral infarction (I63), occlusion and stenosis of precerebral arteries, not resulting in cerebral infarction (I65), occlusion and stenosis of cere-
bral arteries, not resulting in cerebral infarction (I66), and other CVDs (I67). The colors represent the magnitudes of the ORs. Significant p values (<0.05) as cal-
culated by the z-test based on the risk difference are characterized by a bold circle. CVDs: cerebrovascular diseases; ORs: odds ratios; COVID-19: coronavirus
disease 2019.
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was associated with a significantly increased risk of hos-
pitalization, ICU, intubation, and mortality compared to
a matched control (Supplemental Tables 2�8).

Number of instances analysis for CVD recurrence in
patients with and without COVID-19

We compared the association between COVID-19 and
different stroke subtype recurrence in patients with a
prior history using the number of instances of CVD in the
groups mentioned above (within 90 days of confirmed
COVID-19 diagnosis) to the matched control ICD cohorts
without COVID-19 diagnosis (within 90 days of a regular
office visit). Fig. 3 summarizes the “associated number of
instances” described here. Patients in the I60 cohort with
COVID-19 had significantly increased instances of any
CVD and I62 (p-value = 0.025*, 0.003*). Patients in the I61
cohort with COVID-19 19 had significantly increased
instances of I66 (p-value = 0.025*). Patients in the I62
cohort with COVID-19 had significantly increased instan-
ces of any CVD and I62 (p-value = < 0.0001*, 0.0004*).
Patients in the I63 cohort had significantly decreased
instances of I63 and I65 (p-value = < 0.0001*, 0.0084*).
Patients in the I65 cohort had significantly increased
instances of I62, I63, and I66 (p-value = 0.009*, 0.005*,
0.003*) and decreased instances of I65 (p-
value = < 0.0001*). Patients in the I67 cohort had signifi-
cantly increased instances of I62 (p-value = 0.012*) and
decreased instances of I65 and I67 (p-value = 0.0001*,
0.013*)
Discussion

Various CNS manifestations, such as stroke, headache,
impaired consciousness, delirium, and neuroleptic malig-
nant syndrome, have been reported in patients with
COVID-19.20 We identified several significant findings
from the study of 22,497 patients with different stroke
subtypes within the past 10 years and COVID-19. Patients
with COVID-19 were more likely to be male, Black/Afri-
can American, and Hispanic. It has been shown that
COVID-19 disproportionately affects racial and ethnic
minority groups even when adjusted for common comor-
bidities and area deprivation index (ADI).21,22 In our
study, as also shown by others,23�26 patients with
COVID-19 had higher hospitalization rates, ICU, intuba-
tion, and mortality, regardless of the stroke subtype.
Patients with a history of ischemic stroke were at

higher risk of developing hemorrhagic strokes and TIA
within 90-days of COVID-19 diagnosis. However,
patients with a history of hemorrhagic stroke were at
higher risk for hemorrhagic strokes only and not TIA
during the same period. Although associated with
increased morbidity and mortality in our study, having a
history of TIA did not increase the risk of subsequent
strokes with COVID-19. Decreased public mobility dur-
ing the pandemic can influence patients’ decision to seek
medical care when signs of TIA or acute ischemic strokes
occur and bias the number of recorded TIA/ischemic
stroke encounters.2 Lazcano et al. reported that previous
TIA is not associated with increased morbidity and
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COVID-19 AND STROKE RECURRENCE BY SUBTYPES 5
mortality after COVID-19, unlike ischemic and hemor-
rhagic strokes.4 Additionally, Katz et al., in a retrospec-
tive case series, observed that symptomatic COVID-19
patients with ischemic strokes had 31.7% rate of simulta-
neous intracranial hemorrhage.25 SARS-CoV-2 engages
angiotensin-converting enzyme 2 (ACE2) receptor to
enter the host cell,27 which leads to the degradation of
ACE2 receptors and accumulation of angiotensin 2 in the
blood, which may be linked to the occurrence of hemor-
rhagic stroke.
While stroke has been shown to occur commonly in

patients with COVID-19 diagnosis6,28,29, which could
have multifactorial etiology, there hasn’t been a propen-
sity-matched study differentiating stroke subtypes to
understand whether recurrences of different stroke sub-
types are independently associated with COVID-19 diag-
nosis in those with a prior history. Our study is the first
propensity-score matched analysis to analyze the influ-
ence of each stroke subtype on the recurrence rate speci-
fied by the subtype in the COVID-19 population within
90-days of COVID-19 diagnosis. Our number of instance
analyses demonstrated that patients with a history of
hemorrhagic stroke have significantly higher instances of
hemorrhagic stroke events but not ischemic stroke events
than their propensity-matched control cohort without
COVID-19. Additionally, patients with a history of ische-
mic stroke have a significantly lower number of instances
where ischemic strokes were reported during the 90 days.
Patients with TIA did not differ in any stroke subtype in
the number of instances analysis compared to those with-
out COVID-19.
Prior ischemic or hemorrhagic strokes may potentially

trigger intraparenchymal long-lasting damage, such as
microbleeds and hemorrhagic lesions that can lead to gen-
eralized endothelialitis resulting in increased susceptibil-
ity for disseminated intravascular coagulation and a
prothrombotic state.30,31 Our observed higher rates of
stroke instances in patients with a previous history are
essential since they make up 6.09% of the reported
COVID-19 cases within the TriNetX Network. It is impor-
tant to note that in the setting of hospital admission, espe-
cially in peak phases of the outbreak, the risk factor
identification/stratification could often be delayed or
missed. Therefore, vigilant stroke monitoring is essential
in patients with a prior history to prevent irreversible
damages, increased length of hospital stay, and poor
prognosis.
Our study has several limitations. As previously

reported,5 secondary COVID-19 infections cannot be
accounted for during the 90 days outcome period due to
the database structure. Additionally, despite using pro-
pensity-score matching, there are unknown confounding
variables, especially socioeconomic factors and access to
medical care. Furthermore, stroke subtypes can occasion-
ally be misclassified during data entry, introducing a bias.
Despite all this, stroke is a heterogeneous disease.



Fig. 3. Number of instances for cerebrovascular diseases of (A) non-traumatic subarachnoid hemorrhage (I60) + COVID-19 vs. I60 - COVID-19, (B) non-trau-
matic intracerebral hemorrhage (I61) hemorrhage + COVID-19 vs. I61 - COVID-19, (C) other and unspecified non-traumatic intracranial hemorrhage
(I62) + COVID-19 vs. I62 - COVID-19, (D) cerebral infarction (I63) + COVID-19 vs. I63 - COVID-19, (E) occlusion and stenosis of precerebral arteries, not
resulting in cerebral infarction (I65) + COVID-19 vs. I65 - COVID-19, (F) occlusion and stenosis of cerebral arteries, not resulting in cerebral infarction
(I66) + COVID-19 vs. I66 - COVID-19, (G) other cerebrovascular diseases (I67) + COVID-19 vs. I67 - COVID-19. Numbers above the graph represent the p-
values for each group; all significant p-values are denoted by * inside a box.
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Different subtypes have unique underlying pathophysio-
logical processes that contribute to prognosis. Our study
gives insight into the role of varying stroke subtypes on
recurrence type and rate and associated morbidity and
mortality. Further studies stratifying socioeconomic fac-
tors, asymptomatic cases, and final cause of death are
imperative to expand knowledge on this issue.
Conclusion

In patients with a history of stroke of any subtype,
COVID-19 is independently associated with increased
hospitalization, ICU, intubation, and mortality compared
with propensity-score matched control without COVID-
19. COVID-19 was associated with an increased risk of
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hemorrhagic strokes and TIA among all ischemic stroke
patients. Patients with a history of hemorrhagic strokes
were at an overall increased risk of hemorrhagic strokes
within 90-days post-COVID-19. History of TIA was not
associated with an increased risk of any subsequent
strokes.
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