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Abstract

Objectives: We set out to evaluate the risk for severe coro-
navirus disease 2019 (COVID-19) infection and subsequent
cerebrovascular disease (CVD) in the population with a prior
diagnosis of CVD within the past 10 years. Methods: We uti-
lized the TriNetX Analytics Network to query 369,563 CO-
VID-19 cases up to December 30, 2020. We created 8 cohorts
of patients with COVID-19 diagnosis based on a previous di-
agnosis of CVD. We measured the odds ratios, relative risks,
risk differences for hospitalizations, ICU/critical care services,
intubation, mortality, and CVD recurrence within 90 days of
COVID-19 diagnosis, compared to a propensity-matched co-
hort with no prior history of CVD within 90 days of COVID-19
diagnosis. Results: 369,563 patients had a confirmed diag-
nosis of COVID-19 with a subset of 22,497 (6.09%) patients
with a prior diagnosis of CVD within 10 years. All cohorts with
a CVD diagnosis had an increased risk of hospitalization, crit-

ical care services, and mortality within 90 days of COVID-19
diagnosis. Additionally, the data demonstrate that any his-
tory of CVD is associated with significantly increased odds of
subsequent CVD post-COVID-19 compared to a matched
control. Conclusions: CVD, a known complication of CO-
VID-19, is more frequent in patients with a prior history of
CVD. Patients with any previous diagnosis of CVD are at high-
er risks of morbidity and mortality from COVID-19 infection.
In patients admitted to the ED due to COVID-19 symptoms,
these risk factors should be promptly identified as delayed
or missed risk stratification and could lead to an ineffective
and untimely diagnosis of subsequent CVD, which would
lead to protracted hospitalization and poor prognosis.

© 2021 S. Karger AG, Basel

Introduction

Coronavirus disease 2019 (COVID-19) caused by the
SARS-CoV-2 virus has caused 2.9 million deaths globally
as of April 13, 2021, with 135 million cumulative cases
reported worldwide [1]. The virus has been detected in
CNS tissue samples of a COVID-19 patient who present-
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ed with encephalopathy and altered mental status [2].
The extent of CNS involvement can be influenced by var-
ious factors such as genetic predisposition, comorbidi-
ties, and environmental factors, which can increase CO-
VID-19 patient’s risk of adverse outcomes. Coronavirus-
es have been shown to invade vascular endothelial cells,
which allows the viral particles to directly access CNS
neural and glial cells, resulting in a myriad of pathological
cerebrovascular changes [3-7]. A case series study by
Mao et al. [8] showed that patients who developed severe
COVID-19 infection according to their respiratory status
had neurologic manifestations, such as acute cerebrovas-
cular diseases (CVDs). Additionally, a retrospective mul-
ticenter study by Kummer et al. [9] demonstrated that a
history of stroke was associated with inhospital mortality
in COVID-19 patients. This can partly be due to intensi-
fied inflammatory response and/or immunosuppression
involved in all stages of stroke, including poststroke [10,
11]. To our knowledge, there are limited data on whether
there is a causal relationship between COVID-19 and
subsequent CVD, as well as whether patients with a prior
diagnosis of CVD are more likely to experience severe
COVID-19 disease manifestations with increased mor-
bidity and mortality. In this cohort study, we assessed
whether patients with a history of CVD are at higher risk
of severe COVID-19 infection, morbidity, mortality, and
CVD recurrence.

Materials and Methods

Data and Study Design

The TriNetX Analytics Network, a global federated network
that is comprised of de-identified electronic health records from
55 health-care organizations (HCOs), was used for these analyses.
The data within TriNetX are provided by HCOs, including aca-
demic medical centers and community hospitals in the USA.
Available data include demographics, diagnoses, procedures,
medications, and laboratory measurement. To comply with legal
frameworks and ethical guidelines guarding against data reidenti-
fication, the identity of HCOs and their individual contribution to
each dataset is not disclosed. The TriNetX platform only uses ag-
gregated counts and statistical summaries of de-identified infor-
mation. Thus, no protected health information or personal data
are made available to the users of the platform. The data are up-
dated daily, and the analyses are performed on the data queries
submitted via the browser.

Our inclusion criteria consisted of a confirmed diagnosis of
COVID-19 (369,563) in patients older than 18 years up to De-
cember 30, 2020. COVID-19 status was determined using codes
in EMRs or a positive test result identified with COVID-19-spe-
cific laboratory codes. Patients with COVID-19 were identified
based on the Centers for Disease Control and Prevention (CDC)
coding guidelines ICD-10-CM U07.1 COVID-19 or a positive
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COVID-19 RNA nucleic acid amplification test result [12]. The
patient population was divided into cohorts based on a prior di-
agnosis of CVD within the past 10 years. To avoid overgeneral-
ization and elucidate the differences, different diagnosis of
CVDs was analyzed as individual cohorts. In particular, cohorts
consisted of (1) nontraumatic subarachnoid hemorrhage (160);
(2) nontraumatic intracerebral hemorrhage (161); (3) other and
unspecified nontraumatic intracranial hemorrhage (162); (4) ce-
rebral infarction (163), (5) occlusion and stenosis of precerebral
arteries (i.e., extracranial carotid and vertebral arteries), not re-
sulting in cerebral infarction (I65); (6) occlusion and stenosis of
cerebral arteries, not resulting in cerebral infarction (166); (7)
other CVD (I67); and (8) a control cohort with no prior diagno-
sis of CVD.

Statistical Analysis

We identified a set of established comorbidities and risk factors
for COVID-19, as follows: age, sex, race (White, Black/African
American, and Asian), ethnicity (Hispanic/Latino, Not Hispanic/
Latino, and unknown), essential/primary hypertension, type 2 di-
abetes mellitus, nicotine dependence, overweight/obesity, chronic
kidney disease, atrial fibrillation/flutter, and asthma [13-16]. To
assess the prior CVD as a risk factor for severe COVID-19 infec-
tion, matched cohorts of patients with the same baseline charac-
teristics, risk factors, and comorbidities were created. The control
cohort (w/o history of CVD in the past 10 years) was 1:1 propen-
sity score-matched to each of the 7 cohorts with a previous diag-
nosis of CVD using the risk factors mentioned above for outcome
analyses [17]. Group comparisons for baseline characteristics, hos-
pitalizations, ICU care services, intubation (endotracheal, emer-
gency procedure), mortality, and subsequent CVD within 90 days
of COVID-19 diagnosis were made using odds ratios (ORs), rela-
tive ratio, and risk difference using the TriNetX platform. The z-
test was used to evaluate the statistical significance of the risk dif-
ference. For groups with zero patients with adverse outcomes in
the matched control cohort with a significant risk difference in the
p value, ORs are reported as inf. Statistical significance was set at
2-sided p < 0.05. The outcomes are aggregated as Boolean values
and allow to assess whether the outcome occurred; however, it
does not indicate the number of instances of an outcome during
the 90-day period. The study followed the STROBE guidelines
[18].

Results

Analysis of Baseline Characteristics

A total of 369,563 patients with a confirmed diagnosis
of COVID-19 were included in the study. Of these, 22,497
(6.09%) patients had a prior CVD diagnosis within the
past 10 years. As mentioned previously, the patients were
separated into 8 cohorts with COVID-19, including 7 co-
horts with a diagnosis of COVID-19, a CVD within 10
years, and a matched control COVID-19 cohort without
a history of CVD. Table 1 delineates the baseline charac-
teristics for the individual CVD ICDs.
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Fig. 1. Outcome analysis of COVID-19 + nontraumatic subarach-
noid hemorrhage (160) versus COVID-19 without any prior CVD

(a), COVID-

19 + nontraumatic intracerebral hemorrhage (I61)

versus COVID-19 without CVD (b), COVID-19 + other and un-

specified non

traumatic intracranial hemorrhage (162) versus CO-

VID-19 without CVD (c), COVID-19 + cerebral infarction (I163)
versus COVID-19 without CVD (d), COVID-19 + occlusion and
stenosis of precerebral arteries, not resulting in cerebral infarction
(I65) versus COVID-19 without CVD (e), COVID-19 + occlusion
and stenosis of cerebral arteries, not resulting in cerebral infarction

Cerebrovasc Dis
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(166) versus COVID-19 without CVD (f), and COVID-19 + other
CVD (167) versus COVID-19 without a CVD (g). The panels de-
pict OR for adverse outcomes and subsequent CVD events of each
comparison group. The error bars represent 95% CI of the ORs.
The numbers above the graph represent the p values for each group
as calculated by the z-test based on the risk difference. All signifi-
cant p values are denoted by * inside a box. CVDs, cerebrovascular
diseases; ORs, odds ratios; CI, confidence interval; COVID-19,

coronavirus disease 2019.
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Fig. 2. Heatmap of OR for adverse outcomes for individual ICDs
with COVID-19 versus COVID-19 without any history of CVD.
The CVD ICDs include any CVD (I60-169), nontraumatic sub-
arachnoid hemorrhage (160), nontraumatic intracerebral hemor-
rhage (161), other and unspecified nontraumatic intracranial hem-
orrhage (162), cerebral infarction (I63), occlusion and stenosis of
precerebral arteries, not resulting in cerebral infarction (165), oc-

Outcome Analysis

The results of all adverse outcome analyses for patients
with individual ICDs and COVID-19, compared to a
matched control COVID-19 cohort without any CVD are
shown in Figure 1 as the OR with the error bars represent-
ing 95% confidence interval (CI), and the risk difference
p values are reported. For better visualization, Figure 2
shows a heatmap of the ORs as reported in Figure 1 with
significant outcomes denoted. The associated details and
numbers are described below and can be found in Table 2
and online suppl. Tables 1-7; for all online suppl. mate-
rial, see www.karger.com/doi/10.1159/000517499. Pa-
tient counts of 1-10 are reported as 10 by TriNetX to ob-
fuscate patient and HCO identity.

COVID Outcomes and Prior
Cerebrovascular Disease

clusion and stenosis of cerebral arteries, not resulting in cerebral
infarction (166), and other CVDs (167). The colors represent the
magnitudes of the ORs. Significant p values (<0.05) as calculated
by the z-test based on the risk difference are represented by a bold
circle. CVDs, cerebrovascular diseases; ORs, odds ratios; CO-
VID-19, coronavirus disease 2019.

Hospitalization, ICU/Critical Care Services,

Intubation, and Mortality Associated to COVID-19

A prior diagnosis of most CVDs within 10 years of a
COVID-19 diagnosis significantly increases the patient’s
risk of hospitalization, ICU care, intubation, and mortal-
ity. There are no CVD cohorts, where the risk of adverse
outcomes is lower in the propensity-matched control co-
hort within 90 days of a COVID-19 diagnosis reported
statistically significant increases in risk difference to have
a z-test p value of <0.05 (online suppl. Tables 1-7). The
ORs for hospitalization range between 1.5 (95% CI: 1.4
1.6) for165 and 2.1 (95% CI: 1.7-2.5) for 161, with all CVD
cohorts having a statistically significant risk increase. The
ORs for ICU/critical care services range between 1.4 (95%
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CI: 1.2-1.5) for 165 and 2.5 (95% CI: 1.8-3.3) for 161. Ex-
cept for 166 (OR 1.4, 95% CI: 0.9-2.1), all other CVD co-
horts have statistically significant risk increases. The ORs
for intubation range between 1.1 (95% CI: 0.5-2.6) for 166
and 1.7 (95% CI: 1.01-3) for 161. Patients with a previous
diagnosis of 161, 163, 165, and 167 had a significantly in-
creased risk for intubation within 90 days of COVID-19
diagnosis. The ORs for mortality range between 1.2 (95%
CI: 1.06-1.4) for 165 and 2.5 (95% CI: 1.6-4.0) for 160.
Except for 166 (OR 1.6, 95% CI: 0.99-2.5), all other CVD
cohorts have a statistically significant risk increase in
mortality. The highest ORs for mortality were for 160 and
Iol.

Subsequent CVD Events Associated with COVID-19

Patients with a prior diagnosis of CVD are at mark-
edly increased risk of subsequent CVD events within 90
days of a COVID-19 diagnosis. There are no CVD co-
horts, where the risk of the subsequent CVD events is
lower in the propensity-matched control cohort (online
suppl. Tables 1-7). Patients in the CVD cohorts are at the
highest risk for subsequent cerebral infarctions (163),
with all CVD cohorts at a significantly increased risk. The
ORs for a subsequent cerebral infarction range between
2.4 (95% CI: 1.2-5.1) for patients with prior 161 and 73.3
(95% CI: 48.9-109.9) for patients with a history of cere-
bral infarction. All CVD cohorts are also at a significant-
ly increased risk for nontraumatic intracerebral and un-
specified intracranial hemorrhage (161, 162) and other
CVDs (167).

Discussion

We evaluated the baseline characteristics and adverse
outcomes of patients who had COVID-19 and a diagnosis
of a CVD within the past 10 years prior to COVID-19 di-
agnosis. All patient cohorts with previous CVD diagno-
sis, with the exception of occlusion and stenosis of cere-
bral arteries (166), had increased the risk of hospitaliza-
tion, ICU/critical care services, and mortality. Kummer
et al. [9] reported increased inhospital mortality of OR =
1.28 in COVID patients with a prior diagnosis of stroke
compared to control. This is in-line with our 90-day mor-
tality for cerebral infarction (i.e., ischemic stroke) of OR
= 1.28. In particular, the mortality for all cohorts except
166 was significantly increased with ORs 1.3-2.5 com-
pared to the matched control COVID group with no pri-
or CVD. Our study demonstrates that propensity-
matched control for baseline characteristics and common
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comorbidities and the risks of the noted adverse out-
comes within 90 days of COVID-19 infection are yet sig-
nificantly increased in patients with any history of CVD
prior to COVID-19.

Although previous studies have indicated that CO-
VID-19 could cause neurological disorders [8, 19, 20],
it is unclear why the adverse outcomes in these patients
with previous CVD diagnoses are more common. Per-
haps a prior CVD can trigger long-lasting cerebrovas-
cular damage and immune suppression that would re-
sult in increased susceptibility for adverse outcomes.
Although the mechanism in which these long-lasting
changes and immune suppression occurs is not well un-
derstood, a recent study has shown extrinsic T-cell
apoptosis through inflammasome activation in myeloid
cells and FasL expression on monocytes as the main
driver of lymphopenia and secondary immunosuppres-
sion after stroke [21]. Patients in the 161 cohort with
nontraumatic intracerebral hemorrhage are at in-
creased risk for most subsequent CVD. The micro-
bleeds and hemorrhagic lesions that result in intracere-
bral bleeding can lead to generalized endothelialitis,
which could increase susceptibility for disseminated in-
travascular coagulation and a prothrombotic state [22,
23]. Additionally, patients with SARS-CoV-2 have been
found to have low platelet levels, which in the setting of
a previous intracerebral hemorrhage and subsequent
endothelial changes can significantly contribute to the
prothrombotic and inflammatory states of COVID-19
[24-29]. The risk of new CVD recurrence within 90
days of COVID-19 diagnosis was much higher than a
newly diagnosed CVD in COVID-19 patients without
any prior CVD episode. These findings support the
concept that cerebrovascular dysfunction can lead to
long-lasting changes that make these individuals re-
markably vulnerable to the neuroinvasive properties of
the SARS-CoV-2 virus.

The markedly elevated odds of adverse outcomes in
patients with previous CVD are an important finding,
given that, they comprise 6.09% of the reported CO-
VID-19 cases within the TriNetX research network. Ad-
ditionally, these findings raise the possibility that not all
cerebrovascular manifestations observed in patients with
COVID-19, especially in critically ill patients, are directly
caused by COVID-19 but rather mediated by chronic in-
flammatory hyperactivation from previous CVD that
makes these patients prone to adverse events. The find-
ings in this study, derived from a large sample size, uti-
lized propensity score matching, and the real-world na-
ture of the data provides valuable information for health-
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care providers to be especially diligent about identifying
these patients at the time of admission and use specific
precautions and screening protocols for timely recogni-
tion and treatment of subsequent CVD.

The study has several limitations due to the structure
of the available data and other factors. The analysis does
not take into consideration the number of instances a pa-
tient experienced CVD in the past. Additionally, it is not
possible to assess if a specific patient may have had a sec-
ondary COVID-19 infection during the 90-day period
from the first infection; however, we expect those rates to
be similar between the 2 cohorts. Despite using appropri-
ate propensity matching, there is still a possibility of some
unknown confounding factors, such as those related to
access to medical care, time at which patients sought
medical care, and other socioeconomic factors that are
not available in the electronic health network system. As
a result, these findings may not be generalizable to other
patient populations. Additionally, different HCOs may
have different outcomes based on the availability of re-
sources and different management strategies, which
could not be accounted for during patient selection due
to data privacy restrictions.

This study attempts to isolate a prior history of CVD
as the main independent factor in the observed increase
of negative outcomes for patients with a prior history of
CVD. However, future analyses may benefit from utiliz-
ing a larger range of comorbidities, types of prescribed
medications, other recent hospitalizations, and most re-
cent laboratory results in the propensity matching as
these factors may elucidate additional factors of contribu-
tion to COVID-19 outcomes.

Conclusion

CVDs have been shown to occur commonly in pa-
tients with COVID-19 diagnosis, which could have mul-
tifactorial etiology. Patients diagnosed with any prior
CVD in the past 10 years and COVID-19 are at signifi-
cantly higher morbidity and mortality as well as subse-
quent CVD within 90 days of COVID-19 diagnosis. Pa-
tients with a prior nontraumatic subarachnoid/intracere-
bral hemorrhage and cerebral infarction are at the highest
risk for various subsequent CVD. These findings have
immediate implications in identifying patients with the
aforementioned diagnoses. It is important to note that the
risk factor identification/stratification in the setting of
hospital admission for COVID-19 symptoms could often
be delayed or missed, particularly in peak phases of the
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outbreak. These challenges could be responsible for the
underestimation of COVID-19-related CVD, and inade-
quate stroke monitoring could lead to irreversible dam-
ages and result in increased length of hospital stay and
poor prognosis.
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