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Abstract
Background Coronavirus disease 2019 (COVID-19) has spread globally, severely
impacting human health and life. Studies have reported that COVID-19 in-
fection can cause thrombotic diseases, and stroke is closely associated with
thrombotic events. Objective To evaluate the impact of COVID-19 infection
on stroke mortality and explore its potential mechanisms, thereby providing re-
liable clinical theoretical evidence for the scientific prevention and treatment of
COVID-19 patients. Methods By searching literature published from December
2019 to January 2022 in databases including Web of Science, PubMed, Em-
base, Cochrane, CNKI, and Wanfang, screening relevant literature on COVID-
19 complicated with stroke, using the NOS risk assessment criteria to evaluate
the quality of included studies, using meta-analysis to evaluate the impact of
COVID-19 infection on stroke mortality, and using funnel plots to assess publi-
cation bias. Results A total of 20 studies were included. Meta-analysis results
showed: the mortality rate of stroke patients infected with COVID-19 was higher
than that of the non-COVID-19 infection group (RR=4.16, 95% CI: 2.82-6.13,
P<0.001); COVID-19 infection had a greater impact on prothrombin time (PT)
(MD=0.93, 95% CI: 0.26-1.60, P=0.007); D-dimer levels were higher in COVID-
19 patients complicated with stroke (MD=1.34, 95% CI: 0.83-1.84, P<0.001).
There was no statistically significant difference in activated partial thrombo-
plastin time (APTT) between the two groups (MD=2.51, 95% CI: -2.69-7.71,
P=0.34); Stroke patients infected with COVID-19 were younger (MD=-1.70,
95% CI: -3.11–0.28, P=0.02); The prognosis of stroke patients infected with
COVID-19 was associated with higher NIHSS scores at admission (MD=6.66,
95% CI: 4.54-8.59, P<0.01). Conclusion COVID-19 infection can increase stroke
mortality, changes in the coagulation system such as PT and D-dimer may play
an important mechanistic role, and its prognosis is associated with risk factors
such as age and NIHSS at admission.
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Abstract

Background: The novel coronavirus disease (COVID-19) has spread globally,
seriously affecting human health and livelihood. It has been reported that
COVID-19 infection can lead to thrombotic disease, and stroke is closely re-
lated to thrombotic events.

Objective: To evaluate the impact of COVID-19 infection on stroke mortality
and explore its possible mechanisms, thereby providing a reliable clinical theo-
retical basis for the scientific prevention and treatment of COVID-19 patients.

Methods: We searched literature published from December 2019 to January
2022 in Web of Science, PubMed, Embase, Cochrane, CNKI, and Wanfang
databases to screen studies related to COVID-19 and stroke. The NOS risk as-
sessment criteria were used to evaluate the quality of included literature. Meta-
analysis was used to evaluate the impact of COVID-19 infection on stroke mor-
tality, and funnel plots were used to assess publication bias.

Results: A total of 20 studies were included. Meta-analysis results showed that
the mortality of stroke patients infected with COVID-19 was higher than that
of non-COVID-19 patients (RR=4.16, 95%CI: 2.82-6.13, P<0.001). The influ-
ence of COVID-19 infection on prothrombin time (PT) was greater (MD=0.93,
95%CI: 0.26-1.60, P=0.007). D-dimer was higher in patients with COVID-19
infection and stroke (MD=1.34, 95%CI: 0.83-1.84, P<0.001). There was no
significant difference in activated partial thromboplastin time (APTT) between
the two groups (MD=2.51, 95%CI: -2.69-7.71, P=0.34). Stroke patients in-
fected with COVID-19 were younger (MD=-1.70, 95%CI: -3.11–0.28, P=0.02).
The prognosis of stroke patients infected with COVID-19 was associated with
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higher NIHSS at admission (MD=6.66, 95%CI: 4.54-8.59, P<0.01).

Conclusion: COVID-19 infection can increase stroke mortality. Changes in
the coagulation system, including PT and D-dimer, may play an important
mechanistic role. The prognosis is related to risk factors such as age and NIHSS
at admission.

Keywords: COVID-19; Stroke; Novel coronavirus; Cerebrovascular disease;
Mortality

Introduction
Since December 2019, coronavirus disease 2019 (COVID-19) has spread globally,
seriously affecting human health and livelihood. In early March 2020, the World
Health Organization (WHO) declared the COVID-19 outbreak a public health
emergency of international concern [1], drawing widespread attention from re-
searchers worldwide. Stroke represents a major global public health challenge,
ranking as the second leading cause of death and third leading cause of disability
worldwide, imposing tremendous burdens on society and individuals. In China,
stroke has surpassed cardiovascular disease as the condition with the highest
incidence, mortality, and disability rates.

COVID-19 infection affects not only the lungs but also multiple organs and
systems [2], with several reports documenting its impact on the nervous system,
particularly in causing cerebrovascular diseases [3,4]. Most published reports
on COVID-19 and stroke have focused on patient care protocols [5], changes
in healthcare delivery systems [6], or limited case series [7-10]. Facing this
new disease spectrum, little is known about the interactions between diseases.
Our scientific questions are: Does COVID-19 infection affect stroke prognosis?
What is the underlying interaction mechanism? Some scholars suggest that
COVID-19-associated stroke may result from hypercoagulability [11], vasculitis
secondary to intracranial cytokine storms [12], and viral infection itself [13].
Therefore, this study aims to conduct a meta-analysis on this globally concerning
issue, analyzing the relationship between COVID-19 infection and stroke to
further evaluate the impact of COVID-19 infection on stroke mortality and
explore its possible mechanisms, thereby providing reliable clinical evidence for
the scientific prevention and treatment of COVID-19 patients.

Materials and Methods
This meta-analysis was conducted according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement [14].
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Study Subjects

All cases underwent COVID-19 testing using reverse transcription polymerase
chain reaction on nasopharyngeal swab samples according to WHO standards.
Stroke diagnosis was based on the 2018 Chinese Guidelines for the Diagnosis
and Treatment of Acute Ischemic Stroke. Patients were required to complete
NIHSS assessment at admission and laboratory tests and outcome records dur-
ing hospitalization.

Exclusion Criteria

We excluded: (1) studies with incomplete data or insufficient statistical analysis;
(2) commentaries, reviews, and letters; (3) studies lacking information on diag-
nostic criteria for COVID-19 and stroke; (4) duplicate publications or multiple
surveys based on the same population data (the most recent or most compre-
hensive study was included); (5) non-clinical study types such as case reports,
case series, basic research, or laboratory studies.

Search Strategy

We systematically searched PubMed, Embase, Web of Science, Cochrane, CNKI
(China National Knowledge Infrastructure), and Wanfang databases to collect
clinical research literature on stroke in COVID-19 patients from December 2019
to January 2022. Search terms combined subject headings with free text. Chi-
nese search terms included “COVID-19,”“stroke,”“novel coronavirus,”“cere-
brovascular disease,”and“mortality.”English search terms included“Coronavirus
Disease 2019 Virus,”“Stroke,”“novel coronavirus,”“Cerebrovascular disease,”
and “Mortality.”We also manually searched references of included articles to
ensure comprehensive coverage.

Literature Screening and Data Extraction

Two reviewers independently assessed all identified articles by screening titles,
abstracts, and full texts, with disagreements resolved through consensus. Full-
text assessment was conducted when abstracts provided insufficient methodolog-
ical information. We contacted authors of relevant articles if information was
incomplete or unclear. The literature screening process is illustrated in [Figure
1: see original paper].

Data extraction included: first author, publication year, study country, study
type, sample size, in-hospital mortality, National Institutes of Health Stroke
Scale (NIHSS) score, age, and laboratory parameters.

Statistical Analysis

We used RevMan 5.3 software for heterogeneity analysis. The I2 test was used
for heterogeneity assessment. If I2 ≤ 50%, indicating low heterogeneity, a fixed-
effects model was used; if I2 > 50%, a random-effects model was applied. For
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high heterogeneity, sensitivity analysis was performed to identify sources. Cat-
egorical data were expressed as relative risk (RR) and continuous data as mean
difference (MD), both with 95% confidence intervals (CI). Statistical signifi-
cance was set at P < 0.05. Funnel plots were generated to assess publication
bias, and sensitivity analysis was performed to evaluate result robustness.

Results
Literature Search Results

Our search identified 2,805 articles. After screening with EndNote, 20 studies
[15-34] were ultimately included, all published in English. The literature screen-
ing process and results are shown in [Figure 1: see original paper], and the basic
characteristics of included studies are presented in .

Quality Assessment Results

All 20 included studies met “fair or good”quality standards and were selected
for further analysis. Eight studies met “good”quality standards, while 12 met
“fair”quality standards (see for cohort studies and for case-control studies).

Meta-Analysis Results

Impact of COVID-19 Infection on Stroke Mortality. Sixteen studies
reported in-hospital mortality (<15 days) in stroke patients with COVID-19,
totaling 4,791 patients. Meta-analysis results showed that stroke patients with
COVID-19 infection had significantly higher mortality risk compared with non-
COVID-19 patients (RR=4.16, 95% CI: 2.82-6.13). The results are shown in
[Figure 2: see original paper]. Heterogeneity was I2=84%, and the difference in
mortality between groups was statistically significant under the random-effects
model (P<0.001). Sensitivity analysis by sequentially removing each study did
not significantly alter the results, confirming stability.

Impact of COVID-19 Infection on Prothrombin Time (PT) in Stroke
Patients. Four studies reported PT at admission in stroke patients with
COVID-19, totaling 889 patients. The meta-analysis result was MD=0.93, 95%
CI: 0.26-1.60, I2=50%. The difference in PT between groups was significant
under the random-effects model (P=0.007) (see [Figure 3: see original paper]).
Sensitivity analysis by sequentially removing each study did not significantly
alter the results, confirming stability.

Impact of COVID-19 Infection on Activated Partial Thromboplastin
Time (APTT) in Stroke Patients. Four studies reported APTT at admis-
sion in stroke patients with COVID-19, totaling 968 patients. Meta-analysis
showed MD=2.51 (95% CI: -2.69-7.71) (see [Figure 4: see original paper]). Het-
erogeneity was I2=83% under the random-effects model, but the difference was
not statistically significant (P=0.34).
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Impact of COVID-19 Infection on D-Dimer in Stroke Patients. Seven
studies reported D-dimer levels at admission in stroke patients with COVID-19,
totaling 1,100 patients. Meta-analysis results showed MD=1.34, 95% CI: 4.54-
8.79, I2=59% (see [Figure 5: see original paper]). The difference in D-dimer
between groups was statistically significant under the random-effects model
(P<0.01). Sensitivity analysis by sequentially removing each study did not
significantly alter the results, confirming stability.

NIHSS Assessment in Stroke Patients with COVID-19 Infection. Five
studies reported NIHSS at admission in stroke patients with COVID-19, to-
taling 1,141 patients. The meta-analysis result was MD=6.66, 95% CI: 4.54-
8.79, I2=59%. The difference was significant under the random-effects model
(P<0.01) (see [Figure 6: see original paper]), indicating that NIHSS scores were
higher in stroke patients with COVID-19 infection. Sensitivity analysis by se-
quentially removing each study did not significantly alter the results, confirming
stability.

Age Assessment in Stroke Patients with COVID-19 Infection. Nine
studies reported age in stroke patients with COVID-19, totaling 2,290 patients.
Meta-analysis showed that stroke patients with COVID-19 infection were
younger than non-COVID-19 patients (MD=-1.70, 95% CI: -3.11–0.28) (see
[Figure 7: see original paper]). Heterogeneity was I2=67%, and the difference
was significant under the fixed-effects model (P=0.02). Sensitivity analysis
by sequentially removing each study did not significantly alter the results,
confirming stability.

Bias Analysis

We primarily used funnel plots of stroke mortality changes to assess publication
bias. The funnel plot (see [Figure 8: see original paper]) showed that included
studies were distributed relatively symmetrically on both sides of the axis, sug-
gesting no significant publication bias and high credibility of results.

Discussion
COVID-19, caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) first reported in Wuhan, China in December 2019, has spread worldwide.
As of December 2021, COVID-19 had affected 2.78 billion people in 224 countries
and territories, causing 5.3 million deaths [35]. With the emergence of variants
such as Omicron [36], COVID-19 cases have grown exponentially, resulting in
thousands of deaths. The disease can damage multiple systems and plays an
important role in stroke pathogenesis [37]. Facing this new disease spectrum,
little is known about interactions between diseases.

Many case reports suggest that COVID-19 infection can cause thrombotic dis-
eases, which are closely related to stroke. However, whether COVID-19 infec-
tion affects stroke prognosis and the underlying interaction mechanisms remain
unclear. During the COVID-19 pandemic, many countries reported a sharp
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decrease in stroke admissions, suggesting that patients with mild stroke symp-
toms either did not seek hospitalization or voluntarily stayed home due to fear
of COVID-19 infection, avoiding medical assistance during lockdowns. This
aligns with reports from NOT and others showing reduced stroke hospitaliza-
tion rates across regions [38]. Compared with the same period in 2019, stroke
admissions decreased by more than 45% during the 2020 study period. All in-
cluded patients were COVID-19 positive, and this decreased admission rate may
be related to healthcare resource reallocation toward COVID-19 patients during
the pandemic, precluding definitive conclusions about the relationship between
stroke incidence and COVID-19.

This meta-analysis found that among stroke patients, those with COVID-19
infection had significantly higher mortality than non-COVID-19 patients
(RR=4.16, 95% CI: 2.82-6.13, I2=83%, P<0.001). This finding is consistent
with a meta-analysis showing that COVID-19 infection increases stroke mor-
tality risk threefold compared with non-COVID-19 patients [39]. Additionally,
Yang et al. demonstrated that pre-existing cerebrovascular disease is associated
with increased risk of poor prognosis in COVID-19 patients [40], possibly
due to severe underlying infection and subsequent systemic and metabolic
dysfunction.

Our analysis revealed that stroke patients with COVID-19 had higher rates of
coagulation parameter abnormalities compared with non-COVID-19 patients,
with statistically significant differences (MD=0.93, 95% CI: 0.26-1.60; MD=1.34,
95% CI: 0.83-1.84, I2=54%). Consistent with our results, Garcia reported that
stroke patients with COVID-19 had higher D-dimer levels and lower lympho-
cyte counts than ordinary patients, suggesting that COVID-19 infection causes
immunosuppression [41]. A report from China also described higher rates of
antiphospholipid antibodies and D-dimer abnormalities in COVID-19 patients
with stroke [42]. D-dimer is a polymer composed of two D fragments of fibrin
formed when the fibrinolytic system degrades fibrin networks after thrombo-
sis [43], representing activation of the fibrinolytic system. Studies have shown
that increased D-dimer and fibrinogen levels are associated with disease severity
and increased mortality [44]. Additionally, we found no significant difference in
APTT between COVID-19 and non-COVID-19 stroke patients. PT reflects the
extrinsic coagulation pathway, with a normal range of 11-13 seconds; changes ex-
ceeding 3 seconds from normal controls are clinically significant. Shortened PT
indicates a hypercoagulable state predisposing to thrombotic diseases such as
coronary heart disease, myocardial infarction, and deep vein thrombosis, while
prolonged PT indicates coagulation dysfunction. APTT reflects the intrinsic
coagulation pathway. Based on 170 COVID-19 patients and 798 non-COVID-
19 patients with stroke from included studies, results showed no statistically
significant difference between groups.

Some literature reported NIHSS scores and age in stroke patients with COVID-
19 infection, with adjusted analysis showing associations between NIHSS, age,
and in-hospital mortality. In our stroke case series, COVID-19-infected cases

chinarxiv.org/items/chinaxiv-202207.00059 Machine Translation

https://chinarxiv.org/items/chinaxiv-202207.00059


had lower mean age (MD=-1.70, 95% CI: -3.11–0.28, P=0.02) and higher NIHSS
scores (MD=6.66, 95% CI: 4.54-8.79, P<0.01). A major finding of this study
is that stroke severity is significantly affected by COVID-19 infection, with
COVID-19 patients showing significantly higher stroke severity and in-hospital
mortality compared with non-COVID-19 stroke patients.

However, the mechanisms of stroke in COVID-19 patients remain to be deter-
mined, with several plausible hypotheses: vascular wall invasion, coagulation
disorders, cerebral embolism secondary to myocardial injury, or destabilization
of existing atherosclerotic plaques. The virus can invade vascular walls be-
cause endothelial cells express ACE2 receptors [45], which the virus uses to
enter cells, promoting thrombosis by disrupting vascular walls or inducing an-
tiphospholipid antibodies [46] and activating the immune system [47], thereby
affecting coagulation, platelet activation, and endothelial function, leading to a
hypercoagulable state. Another potential mechanism involves interference with
coagulation [48]; COVID-19 infection causes endothelial cell damage, activat-
ing the tissue factor-factor VIIa pathway to initiate coagulation and recruiting
platelets and leukocytes to lesions, increasing local inflammation and further
promoting coagulation system activation. The general inflammatory state or
“cytokine storm”induced by COVID-19 in some patients also affects coagula-
tion function [49]. Increased mortality after COVID-19 infection with stroke
may represent a manifestation of systemic hypercoagulability, disrupting the
balance between coagulation and anticoagulation systems and increasing stroke
risk [50]. Some reports found that prophylactic anticoagulation in COVID-19
patients significantly reduced systemic thrombotic events [51], while others re-
ported that anticoagulation reduced stroke mortality risk [52].

This study systematically analyzed current small-sample retrospective studies
and found that stroke in COVID-19-infected patients is associated with higher
in-hospital mortality compared with non-COVID-19 patients. This prognosis is
significantly associated with laboratory parameters such as coagulation mark-
ers (D-dimer, PT), stroke severity, and age, opening new avenues for early
identification and treatment of COVID-19 patients with stroke and providing
evidence-based support. This meta-analysis has several limitations, including
small sample sizes; none of the included studies mentioned blinding or alloca-
tion concealment, risking selection bias; descriptions of mindfulness interven-
tions in included literature were not detailed or systematic; and the incidence of
COVID-19 in stroke patients requires confirmation by high-quality randomized
controlled trials.

Conflict of Interest: None declared.
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