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Abstract

In the face of the global COVID-19 pandemic, the need arose to investigate potential complications associated
with SARS-CoV-2, including the risk of stroke.

Objective
This study aimed to verify the association between severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

and the risk of stroke on the basis of systematic reviews and meta-analyses to assess the inclusion of the virus
as a new risk factor for cerebrovascular diseases.

Methods

A metaumbrella study was conducted, which included 34 systematic reviews, of which 4 were selected for the final
analysis on the basis of methodological quality and consistency. The analysis aggregated the results of 70 pri-

mary studies, considering different stroke subtypes and outcomes associated with COVID-19. Study heterogeneity
was assessed via the |2 index, and significance bias was verified via Egger’s test.

Results

COVID-19 severity was significantly associated with an increased risk of stroke (eOR=2.48; 95% Cl: 1.55-3.95), particu-
larly ischemic stroke (€OR=1.76; 95% Cl: 1.11-2.80) and hemorrhagic stroke (eOR=3.86; 95% Cl: 1.79-8.33). Addition-
ally, patients with cerebrovascular comorbidities had higher mortality (eOR=2.48; 95% Cl: 2.48-19.63), as did those
who had previously suffered a stroke (eOR=6.08; 95% Cl: 3.73-9.91).

Conclusion

The association between SARS-CoV-2 and stroke incidence was consistent and significant, suggesting that COVID-

19 should be considered a new risk factor for cerebrovascular diseases. However, the high heterogeneity
among the studies analyzed reinforces the need for further research to consolidate this relationship.
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Introduction

Stroke is responsible for millions of deaths annually and
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The COVID-19 pandemic, caused by the SARS-CoV-2
virus, triggered a global health crisis [6, 7]. Although it
is recognized primarily for causing respiratory infec-
tions, recent studies have associated COVID-19 with an
increased risk of stroke [8—10].

This association raises concerns about the mecha-
nisms by which SARS-CoV-2 may be linked to neurologi-
cal damage. Hypotheses include systemic inflammation,
direct invasion of the nervous system by the virus, and
complications of the immune response [12, 13]. In addi-
tion, individuals with preexisting risk factors for stroke,
such as hypertension and diabetes mellitus, seem to be
more likely to develop more severe cases of COVID-19
and, consequently, a higher risk of stroke [14—19].

This study aimed to verify the association between
SARS-CoV-2 and stroke, using systematic reviews as a
guiding reference. This investigation aims to contribute
to the scientific debate on the possible inclusion of the
virus as a risk factor for cerebrovascular diseases.

Methodology

This study is characterized as a Umbrella Review [20],
which aims to synthesize evidence from multiple system-
atic reviews [21, 22]. The methodology used followed the
PRIO-harms [23] checklist to ensure the rigor and quality
of the analysis. The formulation of the research question
considered the following elements: population, phenom-
enon of interest, result, context, type of overview and
general objective [24-26]. On the basis of the hypoth-
esis that SARS-CoV-2 infection is associated with an
increased risk of stroke, the following guiding question
was formulated: "Does the association between SARS-
CoV-2 and stroke presuppose the need to include it as a
new risk factor in the list for cerebrovascular disease?".
The protocol of this study was registered in the Interna-
tional Prospective Register of Systematic Reviews, under
number CRD42022323750.

Search strategy

Studies published in English, Spanish, or Portuguese
from March 2020 to March 2023 that address the associ-
ations between COVID-19 and ischemic or hemorrhagic
stroke or small or large vessels in any age group were
selected. The databases consulted were PubMed/MED-
LINE, LILACS, Scopus, and Web of Science. The search
strategy used a strategic combination of terms and key-
words in all three languages. The terms used were stroke;
"COVID-19; 'neurological complications; and ’systematic
review.

To complement and broaden the search, the following
terms were used in different combinations, with Boolean
operators used to improve the results: (STROKE* OR
CEREBROVASCULAR* OR NEUROLOGICAL*) AND
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(COVID* OR SARS-CoV-2*) AND (SYSTEMATIC*
AND REVIEW*®).

Selection criteria

Scientific articles that included systematic reviews, sys-
tematic reviews with meta-analyses of case studies, case
series, case—control studies and, preferably, randomized,
prospective and retrospective cohort studies were
selected. Reviews that were not available in full, incom-
plete manuscripts, studies outside the context of system-
atic review, and nonoriginal research articles, such as
editorial comments, opinion articles, letters, protocols,
reports, and book chapters, were excluded. Nonclini-
cal features, such as nonneurological complications, as
well as studies that presented a diagnosis of COVID-19
without any reports of stroke as a complication, were also
excluded.

Data extraction

The selection of articles was carried out by two inde-
pendent reviewers (AMLBS and EFA) in two stages.
First, the titles and abstracts were independently evalu-
ated, and any disagreements were resolved by consensus.
The full texts of the selected articles were subsequently
analyzed in the same way, with consensus being used to
resolve disagreements.

Agreement between the reviewers was assessed via
Cohen’s kappa coefficient [27]. In the screening phase of
the titles and abstracts, the kappa coefficient was 0.62511,
indicating substantial agreement among the reviewers.
This result suggests that the selection criteria were well
defined and understood, resulting in a consistent initial
selection of studies.

The use of Covidence [28] software significantly
improved the review process, facilitating the organiza-
tion and analysis of the data, including the calculation
of the kappa index and the generation of the PRISMA
flowchart. This online tool allows real-time collaboration
between reviewers, simplifying the resolution of disa-
greements and ensuring the transparency of the process.

Quality assessment

The methodological quality of systematic reviews was
assessed via the ROBIS [29] tool, a validated and widely
used instrument to assess the risk of bias in systematic
reviews in healthcare. The ROBIS tool is especially useful
for evaluating reviews that address interventions, diagno-
sis, prognosis, and etiology and is therefore suitable for
the scope of this study.

The evaluation process with the ROBIS tool is divided
into three main phases: Phase 1: Assessment of the rel-
evance of the systematic review to the research ques-
tion. In this step, whether the selected systematic review
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directly addresses the research question of the Umbrella
Review is verified.

Phase 2: Identification of concerns with the system-
atic review process. This phase investigates four critical
domains that may be sources of bias: study eligibility cri-
teria, which evaluate whether the inclusion and exclu-
sion criteria of the primary studies are adequate and well
defined. Identification and selection of studies: Analyze
the search and selection process of studies and check
whether there is a risk of publication bias. Data collection
and study evaluation: Examines the quality of data collec-
tion and the assessment of risk of bias in primary studies.
Synthesis and findings: Evaluates the presentation and
synthesis of the results, considering the heterogeneity
between the studies.

Phase 3: Judging the overall risk of bias for the system-
atic review. On the basis of the analyses of the previous
phases, the overall risk of bias of the systematic review
was classified as low, high, or unclear.

Data analysis

Initially, for each identified factor evaluated in more than
one individual study, we performed a separate random-
effects meta-analysis to obtain a pooled estimate of the
effect size, which we assumed would follow a normal dis-
tribution with variance equal to the sum of the weights
of the studies [30] (method of DerSimonian and Laird,
1986). The results of the meta-analyses were the effect
sizes with their corresponding 95% confidence intervals
(95% CI) and p values, as well as the statistics needed to
assess the level of evidence. We used the effect size meas-
ure used in each original meta-analysis (i.e., RR, OR, or
SMD) and calculated the OR equivalents (eORs) for all
effect size statistics.

We evaluated the heterogeneity between studies with
an F index of [31]. 12 values>50% indicated high het-
erogeneity [32]. We also assessed whether there was evi-
dence of effects from small studies via Egger’s test [33],
where statistical significance would indicate potential
publication bias [34].

In addition, a rating system for the strength of evi-
dence was used, which has been widely used in previous
umbrella reviews [35, 36]. Specifically, we classified the
levels of evidence of the significant associations between
each factor into convincing evidence (class I), highly sug-
gestive evidence (class II), suggestive evidence (class III),
or weak evidence (class IV). Convincing evidence would
require a number of studies > 10, a number of cases > 500,
2<50%, and no signs of influence of small studies in the
meta-analysis (Egger test>0.10). The suggestive evi-
dence required a number>10 studies, a number>400
cases, an Egger test with a p value>0.10, and I* <50%.
Weak evidence with a case count>300, Egger’s test with
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a P value>0.10, I><75%, and very weak evidence did not
require a specific number of cases and p <0.05.

Finally, the meta-analyses were repeated to estimate
heterogeneity with the Hartung—Knapp-Sidik—Johk-
man method for random effects. This method estimates
variance as the weighted mean square error divided by
degrees of freedom and assumes a distribution t [37-39].
The main difference between a normal distribution and a
distribution t is that in the former, we assume that we can
know variance, whereas in the latter, we do not make this
assumption, as is indeed the case. This difference can be
negligible when the number of studies is large, but it can
be relevant when the number of studies is small. All anal-
yses were performed with version 1.0.11 of the metaum-
brella package, implemented in the R environment.

Results

Identification and selection of studies

From an initial search of databases and registries, 2,490
studies relevant to the investigation of the association
between COVID-19 and stroke were identified. After
removing 1,289 duplicate references, 1,201 studies were
screened. Among these, 141 were excluded because they
did not meet the relevant criteria and focused mainly on
management or medications, which was not the focus
of this study. This resulted in the detailed evaluation of
1,060 studies for their eligibility.

Of these 1,060 studies, 1,026 were excluded for various
reasons, including a focus on nonneurological manifesta-
tions of COVID-19, specific nonpertinent populations,
medical conditions unrelated to COVID-19, inadequate
methodologies, or unrelated interventions.

At the end of this process, 34 studies were considered
eligible. Of these, four studies were selected for analysis
in the metaumbrella, on the basis of high methodologi-
cal quality and consistency with the established criteria
(Fig. 1).

Characteristics of the included studies
The main characteristics of the 34 studies initially found
demonstrated important cohesion in the demographic
and geographic profiles of the patients evaluated. The
mean age of the patients was 61.2 years, which indicates
that the study population consisted predominantly of
individuals in an age group at higher risk for stroke. In
addition, there was a clear predominance of males, with
an average of 59.9% of participants being men. This dis-
parity may be associated with men’s greater susceptibility
to developing severe forms of COVID-19 and its compli-
cations, including stroke.

Although the impact of sex was not directly ana-
lyzed in this study, recent reviews indicate important
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Fig. 1 Prism

sex-related clinical differences in risk factors, stroke
subtypes, and outcomes [40].

Geographically, these studies were conducted in a
variety of countries, reflecting the global spread of the
pandemic. Among the most frequently cited places
are the United States, Italy, India, Brazil, and Spain,
with particular emphasis on China. This country has
emerged as the most frequently represented location,
possibly because of the initial and significant impact of
the COVID-19 pandemic on its territory, which has led
to increased production of data and studies on the neu-
rological complications associated with SARS-CoV-2.

Studies included in metaumbrells (n = 4) ’

Excluded studies (n = 1026)

2?1 Covid and its non-neurological manifestations
{n=119)

Specific populations (n=52)

Non-COVID-19 medical conditions and ilinesses
(n=548)

Specific studies and methodologies (n=98)
Intervention and treatment categories (n=14)
Other (n = 69)

Risk of bias assessment
Figure 2 shows the evaluation of the methodological
quality of the 34 studies included in the review using
the ROBIS tool. Most studies were at low risk of bias
in terms of criteria such as eligibility, identification and
selection of studies, and data collection. However, some
studies have shown uncertain or high risks, particularly
in the selection of studies and the synthesis of results.
Among the four studies selected for the meta-
umbrella, the assessment of bias was predominantly
favorable, with all being classified as low risk in terms
of overall bias.
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Metaumbrella results

The results of the metaumbrella (Fig. 3), which included
four systematic reviews with meta-analyses, covered a
total of 70 primary studies that evaluated the associa-
tion between COVID-19 and stroke in five different study
subjects. These objects of study were as follows:

1. "COVID-19 severity and stroke risk": The meta-
analysis revealed a significant association between
COVID-19 severity and increased stroke risk, with an
odds ratio (eOR) of 2.48 (95% CI: 1.55-3.95). These
findings indicate that patients with severe COVID-

Umbrella review of

Issues n-studies n-cases 12 eOR95% ClI COVID-19 for Stroke
Severity of COVID-19 and ACVEs 23 498 70% 2.48[1.55; 3.95] -
COVID-19 and risk of ischemic Stroke 17 578 57% 1.76 [1.11; 2.80] -
COVID-19 and risk of hemorragic Stroke 8 34 0% 3.86[1.79; 8.33] —&—
Comorbidity cerebrovascular and mortality 6 63  41% 6.97 [2.48; 19.63] —8—
COVID-19 mortality of Stroke 16 647 81% 6.08[3.73; 9.91] | : | —E—I

Fig. 3 Meta-Umbrella showing the association between COVID-19 and stroke
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19 are significantly more likely to develop stroke than
are those with less severe forms of the disease.

2. "COVID-19 and ischemic stroke risk": A signifi-
cant association was found between COVID-19 and
a higher risk of ischemic stroke, with an eOR of 1.76
(95% CI: 1.11-2.80). These findings suggest that
COVID-19 may be a risk factor for the development
of ischemic stroke.

3. "COVID-19 and hemorrhagic stroke risk": The
analysis also revealed an association between
COVID-19 and increased risk of hemorrhagic stroke,
with an eOR of 3.86 (95% CI: 1.79-8.33). This find-
ing indicates that, in addition to ischemic stroke,
COVID-19 may also be related to an increased risk of
hemorrhagic stroke.

4. "Cerebrovascular comorbidity and mortality in
patients with COVID-19": Patients with cerebrovas-
cular comorbidities who contracted COVID-19 had
higher mortality than did those who did not have a
stroke, with an eOR of 2.48 (95% CI: 2.48-19.63).
This result highlights the adverse impact of preex-
isting cerebrovascular conditions on the survival of
COVID-19 patients.

5. "COVID-19 and stroke mortality": Mortality was
significantly greater among COVID-19 patients
who already had a history of stroke, with an eOR of
6.08 (95% CI: 3.73-9.91). These data underscore the
severity of the impact of COVID-19 on patients who
had previously experienced a stroke.

In addition to these results, an overlap of two primary
studies (Qureshi [41] and Merkler [42]) was observed
(Fig. 4) in three distinct systematic reviews (Cui 2022
[43], Huangfu 2023 [44], and Quintanilla-Sdnchez 2022)
[45]. The overlap of these studies in the different reviews
indicates that they are important and frequently cited
references in the literature on the relationship between
COVID-19 and stroke. These findings reinforce the
strong association between COVID-19 infection and
the risk of different types of stroke and highlight the
increased mortality associated with stroke in patients
with COVID-19.

Analysis of heterogeneity and bias

Table 1 presents the metaumbrella stratified by the classi-
fication of the evidence. Two of the study subjects showed
low heterogeneity, with I? values less than 50%. This indi-
cates that the variability between the studies included
in these studies was relatively low, suggesting greater
consistency in the results. In particular, the "severity of
COVID-19 and stroke" and "cerebrovascular comorbidi-
ties and mortality" demonstrated this characteristic of
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Fig. 4 Matrix of overlapping studies in the systematic review

low heterogeneity, which strengthens confidence in the
interpretation of the observed effects.

None of the study subjects analyzed showed the effect
of small studies, as indicated by the nonsignificant values
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Table 1 Total participants and P values from the Egger and JK tests

Number of Number of Number of
Object of study patients Cases Controls Egger p ESB p
COVID-19 Severity and stroke 15,279 498 14,781 8.45E-01 5.14E-01
COVID-19 and ischemic stroke risk 36,154 578 35,576 2.84e-01 1.59e-02
COVID-19 and hemorrhagic stroke risk 1303 34 1269 1.81e-01 7.31e-01
Cerebrovascular comorbidities and mortality 2271 63 2208 8.07e-01 9.56e-01
COVID-19 and stroke mortality 4781 647 4134 1.10e-01 0.252e-02

Egger p=Probability value for Egger’s test

ESB p =Probability value for Excess Significance Bias

of the Egger test (Egger p). This suggests that the results
of the meta-analyses were not significantly influenced by
smaller studies, which could skew the conclusions.

However, two study subjects showed excess signifi-
cance bias (ESB), which was identified by significant p
values: "COVID-19 and stroke mortality" (p=0.0252) and
"COVID-19 and risk of ischemic stroke" (p =0.0159). This
bias occurs when there is an excessive number of studies
with positive results relative to what would be expected
from the normal distribution of true effects, indicating
that findings in these domains should be interpreted with
caution.

The five study objects evaluated had a statistically sig-
nificant effect size (p <0.05), which reinforces the valid-
ity of the findings. However, on the basis of the criteria
previously established for the classification of evidence,
three of these study objects were classified as having
weak evidence. This reflects limitations such as possible
biases or inconsistencies in the results, suggesting the
need for further studies to confirm these associations.

Figure 5 complements this information by stratify-
ing the metaumbrella by the classification of evidence,
visually highlighting the relative robustness of each
object of study. This detailed analysis allows for a more

Issues

n-studies n-cases 12

nuanced understanding of the effects of COVID-19 in
relation to stroke while identifying areas where the evi-
dence is weaker and where future studies could be more
informative.

Discussion
This study provides a comprehensive synthesis of evi-
dence, emphasizing the significant association between
SARS-CoV-2 and stroke. The most relevant findings
include the increased risk of ischemic and hemorrhagic
stroke associated with severe COVID-19, as well as
heightened mortality rates in patients with cerebrovas-
cular comorbidities, started from the hypothesis that
SARS-CoV-2 infection is associated with an increased
risk of stroke and sought to answer the following guiding
question: "Does the association between SARS-CoV-2
and stroke presuppose the need to include it as a new
risk factor in the list for cerebrovascular disease?" Since
then, an understanding of the influence of COVID-19 on
stroke risk, a global public health problem that is among
the main causes of death and disability, has been pro-
posed [46, 47].

A point to consider is the incidence of stroke in patients
with COVID-19, which is significantly greater than that

Umbrella review of

Severity of COVID-19 and ACVEs 23 498
COVID-19 and risk of ischemic Stroke 17 578
COVID-19 mortality of Stroke 16 647
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COVID-19 and risk of hemorragic Stroke 8 34

Fig. 5 Umbrella Goal stratified by evidence classification
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in patients infected with other coronaviruses, suggesting
a specific pathological mechanism associated with SARS-
CoV-2 that predisposes them to stroke [48].

The meta-umbrella methodology used in this study
offers significant advantages over individual systematic
reviews. The comprehensive analysis of multiple meta-
analyses, considering the overlap of primary studies, as
exemplified by the inclusion of the studies by Qureshi
[41] and Merkler [42] in different analyses, ensures
greater robustness and reliability of the results. The con-
vergence of evidence from multiple sources, confirming
the associations between COVID-19 and different stroke
subtypes, as well as associated mortality. The findings
suggest a potential association between COVID-19 and
stroke, though this relationship requires further investi-
gation to establish causality.

The finding of a link between COVID-19 and increased
risk of stroke, especially the ischemic type, corroborates
the literature that points to prothrombotic mechanisms
induced by the virus [11, 12, 14]. Among these mecha-
nisms, SARS-CoV-2 infection stands out, as it triggers an
acute inflammatory response that can result in endothe-
lial dysfunction and a prothrombotic state [43].

COVID-19 is associated with a state of hypercoagula-
bility, increasing the risk of blood clots forming that can
obstruct blood vessels in the brain, leading to stroke.
SARS-CoV-2 can directly damage endothelial cells,
which line blood vessels, making them more prone to
the formation of these clots [49, 50]. The high incidence
of thrombotic complications in patients with severe
COVID-19 reinforces the link between coagulation and
viral infection, confirming the relevance of the findings of
this study.

It is essential to consider differential diagnoses in acute
stroke etiology, particularly hematological disorders,
which are commonly underrecognized causes of ischemic
stroke. This aligns with findings in previous studies [51].

The identification of SARS-CoV-2 as a risk factor for
stroke has crucial implications for the prevention, diag-
nosis, and treatment of this condition [52]. It is essential
to integrate this information into clinical practice, adopt-
ing measures such as monitoring patients with COVID-
19 for neurological symptoms, especially those at high
risk of stroke; considering prophylactic anticoagulation
in patients with COVID-19 and a high risk of thrombo-
embolic events; and implementing screening protocols
for stroke in patients hospitalized with COVID-19, espe-
cially those with additional risk factors for cerebrovascu-
lar diseases [53].

Despite including studies with low risk of bias, the
possibility of publication bias remains. Additionally,
variations in sample sizes and the lack of control for con-
founding factors such as hypertension and diabetes may
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have influenced the results. Finally, the predominance of
data from specific regions limits the generalizability of
the findings.

Future prospective, multicenter studies are essential
to investigate the mechanisms underlying the associa-
tion between COVID-19 and stroke in greater depth, to
develop comprehensive clinical guidelines for the man-
agement of patients with COVID-19 and stroke risk, and
to evaluate the efficacy of preventive interventions, such
as anticoagulation, in reducing the incidence of stroke in
patients with COVID-19.

Conclusion

The consistent and significant association between
SARS-CoV-2 and stroke highlights the potential for
COVID-19 to be considered as a risk factor for cer-
ebrovascular diseases. However, due to the high hetero-
geneity among studies, further research is required to
confirm this relationship, past explore preventive strate-
gies, including anticoagulation protocols and targeted
therapies for patients with COVID-19 and high stroke
risk. Multicenter prospective studies are needed to elu-
cidate the underlying mechanisms and validate these
interventions.
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