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Abstract

Background The global threat of COVID-19 caused by the SARS-CoV-2 virus has reached a high level and the outbreak
has been declared as a pandemic. This disease affects different organs and systems including the central nervous system. In
this study, we aimed to clarify the development of neurological complications in patients with COVID-19 and the factors
associated with these conditions.

Methodology Two authors independently searched the Cochrane, Trip, EMBASE, and Google Scholar databases from Janu-
ary 2020 to February 2021. The literature search included studies written in English and related to neurological complications
in COVID-19 patients. Then, the two authors independently determined the characteristics and risk of bias of the included
studies. Finally, we analyzed the data using odds ratios (ORs) or mean differences (MDs) and 95% confidence intervals (CIs).
Results This review involved 4401 patients with COVID-19 from six observational studies. Overall, low to moderate hetero-
geneity was recorded among the included studies. A high risk of bias was not detected in any of the domains studied, although
there were some low risks of bias and heterogeneity. Of the included patients, 8.24% developed neurological manifestations,
including delirium (84.3%), myalgia (44.8%), headache (37.7%), encephalopathy (31.8%), dizziness (29.7%), dysgeusia
(15.9%), anosmia (11.45), acute ischemic stroke (4.6%), cerebrovascular disease (1.78%), and intracerebral hemorrhage
(0.5%). The severity of COVID-19 and the association of underlying comorbidity (predominantly hypertension) increased
the risk of neurological complications among COVID-19 patients by fourfold (OR 4.30, CI 2.54-7.29 and OR 4.01, CI
1.05-15.36, respectively). Patients with heart diseases, diabetes, and dyslipidemia had a twofold higher risk of developing
neurological complications (OR 2.53, CI 1.01-6.33; OR 2.31, CI 1.15-4.65; and OR 2.13, CI 1.52-3.00, respectively).
Conclusion Our analysis indicated that neurological complications were uncommon in patients with COVID-19. Age, male
sex, smoking, the severity of disease, and underlying comorbidity, including hypertension, heart disease, diabetes, and dys-
lipidemia, were identified as significant risk factors for neurological complications in COVID-19 patients.
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Abbreviations COVID-19 Coronavirus disease 2019

ACE2 Angiotensin converting enzyme-2 HD Heart disease

aRR Adjusted relative risk MD Mean difference

CI Confidence interval MRI Magnetic resonance image

CKD Chronic kidney disease OR Odds ratio

CNS Central nervous system PNS Peripheral nervous system
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SAPS Simplified Acute Physiology Score

SARS-CoV-2 Severe acute respiratory syndrome corona-
virus 2

TMPRSS2 Transmembrane protease serine 2

WHO World Health Organization

1 Background

Since the discovery of SARS-CoV-2 until August 2021,
140 million people have been infected with more than
three million deaths all over the world [1-4]. The global
threat of COVID-19 caused by the SARS-CoV-2 virus has
reached a high level and the outbreak has been declared
by the World Health Organization (WHO) as a pandemic
[5]. Upper and lower respiratory symptoms are the most
common presentation of COVID-19; however, this disease
can affect any of the organs and the central nervous system
(CNS). These neurological complications include dizzi-
ness, headache, impaired consciousness, encephalopathy,
stroke, and delirious manifestations [6]. Brain injury and
neurological symptoms might occur via invasion of the
neural cell membrane by angiotensin converting enzyme-2
(ACE2). Affects in the CNS could also be caused by viral
infection occurring via axonal transport of the virus by
peripheral nerves into the brain [6]. An alternative theory
is that the CNS becomes inflamed due to nonspecific com-
plications of the systemic disorder [7]. Previous studies
showed that COVID-19 patients with chronic diseases are
more likely to develop neurological complications [8—10].
However, the specific mechanisms responsible for how this
virus affects the CNS have yet to be elucidated. Therefore,
in this review, we aimed to investigate the development of
neurological complications in COVID-19 patients and the
mechanisms that occur in these events.

2 Methodology
2.1 Inclusion/Exclusion Criteria

This review involved publications that were written in
English and investigated neurological complications
in patients with COVID-19 from 2019 until now. We
excluded studies that did not confirm COVID-19 infection
and studies that involved neurological patients who were
subsequently infected with COVID-19. We also excluded
case reports and case series that investigated neurologi-
cal associations with COVID-19 due to the absence of a
comparison group.
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2.2 Search Methods

Two authors independently searched the Cochrane, Trip,
EMBASE, and Google Scholar databases from 2019 until
now. In addition, we reviewed the reference lists of the
selected articles for further studies. We used the following
terms in the search: “COVID-19,” OR “novel corona,” OR
“severe pneumonia,” OR “patients infected with corona
and neurological manifestation,” OR “neurological com-
plications,” OR “cerebrovascular complications,” OR
“encephalopathy,” OR “encephalitis,” OR “delirium,”
OR “ischemic stroke,” OR “brain magnetic resonance
imaging (MRI).”

2.3 Outcome Measures

The outcome measures were the development of neuro-
logical complications in COVID-19 patients including
CNS manifestations (e.g., headache, encephalopathy, and
stroke), peripheral nervous system (PNS) impairment
(e.g., dysfunction of taste, dysfunction of smell, neuropa-
thy), and skeletal muscle manifestations (e.g., myalgia).
The confirmation of COVID-19 disease was based on
WHO guidelines [11]. Patients were classified as having
severe COVID-19 based on the American Thoracic Society
Infectious Disease guidelines [12]. The level of conscious-
ness was assessed using the Richmond Agitation-Sedation
Scale [13]. The assessment of neurological complications
was confirmed by (1) the onset of neurological manifesta-
tions within 6 weeks of acute COVID-19 infection, and
(2) either the detection of SARS-CoV-2 RNA in a given
sample or detection of the antibody for the infection with
no evidence of other commonly associated causes [14].

2.4 Data Collection and Extraction

The abstracts of screened articles were reviewed indepen-
dently by two authors (NR, NM). Articles fitting the inclu-
sion criteria were acquired and their characteristics were
determined independently. These characteristics included
the study setting, duration, and design, participant age
and sex, and outcome measures. Any disagreements were
resolved by discussion.

2.5 Assessment of the Risk of Bias

Two authors (NR, NM) independently judged the risk of
bias for the included studies. The risk of bias was graded
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as high, low, or unclear, as recommended by The Newcas-
tle Ottawa Scale for nonrandomized studies [15].

2.6 Assessment of the Quality of Evidence

The quality of evidence for each outcome measure was
judged as high, moderate, low, or very low according to the
GRADE approach (Grading of Recommendations Assess-
ment, Development, and Evaluation) [16].

2.7 Measures of Treatment Effect

A random effect model was created in Collaboration
C. Review manager (RevMan) version 5.3. The Nordic
Cochrane Centre: Copenhagen, Denmark 2014 software [17]
and utilized for data analysis. Odds ratios (ORs) or mean
differences (MDs) with 95% confidence intervals (CIs) were
utilized for dichotomous and continuous data, respectively.

2.8 Dealing with Heterogeneity

The 2 test was used to test the heterogeneity of the studies
included in our analysis [18].

3 Results
3.1 Results of Search

Two hundred and sixteen potentially relevant articles were
identified; 94 of these remained after the exclusion of dupli-
cates. The abstracts of these articles were subsequently
appraised with regards to the inclusion criteria. Eighteen full
text articles were evaluated for eligibility; six of these met
the inclusion criteria. A PRISMA flow diagram is shown in
Fig. 1 and provides further details of the search method used
and the studies included.

3.2 Included Studies

The review included six studies [19-24] (four retrospective,
one prospective, and one retrospective cohort studies). Two
authors independently extracted key characteristics from the
selected studies, including study title, journal, study design,
duration, setting, aim, participant age, sex, number, and out-
come measures (Table 1).

3.3 Trial Participants

The review included 4401 COVID-19 patients; 2496 were
male. The mean age of the patients reported by Li et al.
[19], Guan et al. [23] and Liotta et al. [20] were 75.7 +10.8,
48.9+9.6, and 58.5 +16.9 years, respectively. The median

age of the patients was 63 years (range 34—87 years), 62 years
(range 52-70 years) and 69 years (range 66—78 years) in the
studies reported by Kandemirli et al. [22], Helms et al. [24],
and Merkler et al. [21], respectively.

3.4 Risk of Bias Among the Included Studies

Overall, the included studies recorded a low risk of bias for
most of the studied domains and no high risk of bias was
recorded for any domain. The risk of bias was unclear for
the “prospective calculation of the study size” domain in
the studies reported by Guan et al. [23], Helms et al. [24],
Kandemirli et al. [22] and Merkler et al [21]. In addition, an
unclear risk of bias was recorded for the “inclusion of con-
secutive patients” domain reported by Guan et al [23], the
“unbiased assessment of study endpoint” domain reported
by Kandemirili et al. [22], and the “comparable, adequate
and contemporary control” domain reported by Merkler
et al. [21] (Fig. 2).

3.5 Outcome Measures

Of the 4401 subjects included in this analysis, 364 (8.27%)
had neurological manifestations. In the study reported by
Lietal. [19], 10 out of 219 patients (4.6%) developed acute
ischemic stroke and 1 (0.5%) suffered from an intracerebral
hemorrhage. In Helms et al [24], 118 out of 140 (84.3%)
patients developed delirium with cognition disturbances. In
Kandemirli et al [22], 118 out of 235 (50%) patients devel-
oped neurological symptoms; 44% of those who underwent
brain magnetic resonance image showed acute findings.
These findings included subcortical and deep white mat-
ter signal intensity abnormalities in the frontal lobe in four
patients, the parietal lobe in three patients, the occipital lobe
in four patients, the temporal lobe in one patient, the insular
cortex in three patients, and the cingulate gyrus in three
patients. In Liotta et al. [19], 215 out of 509 (42.2%) patients
developed neurological manifestations, including myalgia
(44.8%), headache (37.7%), encephalopathy (31.8%), diz-
ziness (29.7%), dysgeusia (15.9%), and anosmia (11.4%);
strokes, movement disorders, motor and sensory deficits,
ataxia, and seizures accounted for 0.2% to 1.4% of cases.
In the study reported by Guan et al. [23], 30 out of 1690
(1.78%) developed cerebrovascular disease, including mul-
tiple lobe infiltration, delirium, or the loss of consciousness.
In Merkler et al. [21], 31 (1.6%) of the 1916 patients had an
acute ischemic stroke.

Figure 3 shows a forest plot of the mean age across the
included studies. Analysis included three studies involving
2318 participants. Old age was identified as a statistically
significant risk factor for developing neurological compli-
cations in COVID-19 patients (MD 18.35, CI 9.39-27.32).
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Fig.1 PRISMA flow diagram describing the search process and the studies included

Significant heterogeneity was also noted (I*=93%,
P <0.00001).

Figure 4 shows a forest plot of factors associated with the
development of neurological complications in COVID-19
patients. The significant risk factors for neurological associa-
tions were as follows: severity of COVID-19 (OR 4.30, CI
2.54-7.29, P =39%), hypertension (OR 4.01, CI 1.05-15.36,

@ Springer

= 77%), heart disease (OR 2.53, CI 1.01-6.33), diabe-
tes (OR 2.31, CI 1.15-4.65), dyslipidemia (OR 2.13, CI
1.52-3.00), smoking (OR 1.77, CI 1.21-2.59), and male sex
(OR 1.71, CI 1.24-2.36). Low levels of nonsignificant het-
erogeneity were recorded for the analysis of disease sever-
ity (I’=39%, P=0.15), dyslipidemia (>=0%, P=0.42),
smoking (I =0%, 0.74), and male sex (I>=10%, P=0.35).
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Fig.2 Risk of bias among the studies included in this study, accord-
ing to the authors' judgements

However, considerable and significant heterogeneity was
recorded for hypertension (12 =39%, P=0.004), diabetes
(?=63%, P=0.03), and heart disease (I>=76%, P=0.002).
Malignancy, chronic kidney disease (CKD), and a history of
neurological diseases were not significant risk factors (OR
1.23, CI 0.41-3.66; OR 1.24, CI 0.55-2.79; OR 2.13, CI
0.66-6.88, respectively). Figure 5 shows a forest plot of the
pooled estimate of the significant risk factors for neurologi-
cal association among COVID-19 patients.

COVID-19 with CVD COVID-19 without CVD

4 Discussion
4.1 Summary of the Main Results

The current review included 4401 COVID-19 patients
from six observational studies. Of these, 8.24% devel-
oped neurological complications, including delirium
(84.3%), myalgia (44.8%), headache (37.7%), encepha-
lopathy (31.8%), dizziness (29.7%), dysgeusia (15.9%),
anosmia (11.45), acute ischemic stroke (4.6%), cerebro-
vascular disease (1.78%), and intracerebral hemorrhage
(0.5%). Movement disorders, motor and sensory deficits,
ataxia, and seizures, were uncommon and accounted for
0.2-1.4% of cases. In COVID-19 patients, the severity of
COVID-19 disease, along with underlying comorbidity,
but particularly hypertension, increased the risk for neuro-
logical complications by approximately fourfold (OR 4.30,
CI 2.54-7.29 and OR 4.01, CI 1.05-15.36 respectively).
Heart disease, diabetes, and dyslipidemia increased the
risk by approximately twofold (OR 2.53, CI 1.01-6.33; OR
2.31, CI 1.15-4.65; and OR 2.13, CI 1.52-3.00, respec-
tively). Other recorded risk factors were old age (MD
18.35, CI1 9.39-27.32), male sex (OR 1.71, CI 1.24-2.36)
and smoking (OR 1.77, CI 1.21-2.59). Malignancy, CKD,
and a history of neurological diseases were not signifi-
cant risk factors (OR 1.23, CI 0.41-3.66; OR 1.24, CI
0.55-2.79; OR 2.13, CI 0.66—6.88, respectively).

4.2 Quality of Evidence

Overall, we downgraded the quality of evidence by one
level for all outcome measures due to the observational
design of the included studies. In Table 2, we determined
the mean difference (MD) among participants of included
articles regarding different aspects, including mean age
and male sex. The heterogeneity in the mean age of the
included articles showed to be significant (p < 0.0001).
This revealed that difference of mean age in the included
studies is large. Low to moderate insignificant heteroge-
neity was recorded for the pooled estimate for male sex,
the severity of COVID-19, smoking, dyslipidemia, CKD,

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Guan et al 2020 T0.4 8.9 30 485 16.1 1560 34.8% 21.90[18.62, 25.18] =
Li etal 2020 75.7 10.8 11 521 153 208 30.3% 23.60[16.89, 30.31] -
Liottaa et al 2020 6551 16.54 162 55.22 16.1 347 35.0% 10.29 [7.23, 13.35) -
Total (95% CI) 203 2115 100.0%  18.35[9.39, 27.32) e 3
it 2 = % 2= e - |12 = 939, F + 1 i
Heterogeneity: Tau® = 57.41; Chi* = 30.52, df = 2 (P < 0.00001); I* = 93% 100 50 0 50 100

Test for overall effect: Z =4.01 (P < 0.0001)

Favours [experimental] Favours [control]

Fig.3 Forest plot of the mean age of COVID-19 cases with and without neurological manifestations
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Cases with neurological c

Cases without neurologica

Study or Subgroup Events Total Events Total
3.1.1 Male sex

Guan etal 2020 23 30 2881 1560
Helms et al 2020 29 118 11 22
Kandemirli et al 2020 11 12 10 15
Li etal 2020 =] 11 a3 208
Liottaa et al 2020 101 162 180 347
Merkler et al 2020 18 31 1083 1885
Subtotal (95% CI) 364 4037
Total events 248 2248

Heterogeneity: Tau®== 0.02; Chi*=5.54, df=5 (P =0.35); F=10%

Test for overall effect: Z= 3.24 (P = 0.001)

3.1.2 Severity

Guan etal 2020 15 30 239 1560
Helms et al 2020 19 118 2 22
Kandemirli et al 2020 =] 12 10 15
Li etal 2020 =] 11 83 208
Liottaa et al 2020 35 162 11 347
Merkler et al 2020 11 31 319 1885
Subtotal (95% CI) 364 4037
Total events 98 664

Heterogeneity: Tau®= 0.16; Chi*=8.18, df=5 (P = 0.15); F= 39%

Testfor overall effect: Z=5.42 (P = 0.00001)

3.1.3 Hypertension

Kandemirli et al 2020 v 12 10 15
Li etal 2020 =] 11 46 208
Liottaa et al 2020 108 162 169 347
Merkler et al 2020 30 31 1158 1885
Subtotal (95% CI) 216 2455
Total events 154 1383

Heterogeneity: Tau®=1.36;, Chi*=13.08, df= 3 (P = 0.004); F=77%

Test for overall effect: Z= 2.03 (P = 0.04)

3.1.4 Diabetes

Helms et al 2020 18 118 3 22
Kandemirli et al 2020 5 12 6 15
Li etal 2020 =] 11 25 208
Liottaa et al 2020 59 162 a5 347
Merkler et al 2020 23 31 806 1885
Subtotal (95% CI) 334 2477
Total events 111 935

Heterogeneity: Tau®= 0.37; Chi*= 10.93, df= 4 (P = 0.03); = 63%

Testfor overall effect: Z= 2.34 (P =0.02)

3.1.5 Heart disease

Helms et al 2020 58 118 12 22
Kandemirli et al 2020 2 12 4 15
Li etal 2020 3 11 14 208
Liottaa et al 2020 22 162 14 347
Merkler et al 2020 17 31 293 1885
Subtotal (95% CI) 334 2477
Total events 102 337

Heterogeneity: Tau®= 0.78; Chi*= 16.89, df= 4 (P = 0.002); F=76%

Test for overall effect: Z=1.98 (P = 0.05)

3.1.6 Malignancy

Helms et al 2020 16 118 5 22
Kandemirli et al 2020 o 12 1 15
Li etal 2020 1 11 13 208
Liottaa et al 2020 32 162 29 347
Subtotal (95% CI) 303 592
Total events 49 48

Heterogeneity: Tau®= 0.65; Chi*= 7.43, df= 3 (P = 0.06); F= 60%

Testfor overall effect: Z=0.38 (P =0.71)

3.1.7 Chronic kidney disease

Helms et al 2020 2] 118 3 22
Kandemirli et al 2020 1 12 3 15
Liottaa et al 2020 27 162 29 347
Merkler et al 2020 2 31 300 1885
Subtotal (95% CI) 323 2269
Total events 42 335

Heterogeneity: Tau®= 0.35, Chi*=7.02, df= 3 (P = 0.07);, F=57%

Test for overall effect: Z= 0.51 (P = 0.61)

3.1.8 Dyslipidemia

Liottaa et al 2020 72 162 100 347
Merkler et al 2020 17 31 576 1885
Subtotal (95% CI) 193 2232
Total events 89 676

Heterogeneity: Tau®= 0.00; Chi*= 0.65, df=1 (P = 0.42); F= 0%

Testfor overall effect: Z= 4.36 (P < 0.0001)

3.1.9 Smoking

Guan etal 2020 4 30 107 1560
Liottaa et al 2020 57 162 83 347
Subtotal (95% CI) 192 1907
Total events 61 190

Heterogeneity: Tau®= 0.00; Chi*=0.11,df=1 (P =0.74); 7= 0%

Test for overall effect: Z= 2.94 (P = 0.003)

3.1.10 History of neurological disease

Helms et al 2020 18 118 4 22
Li etal 2020 10 11 75 208
Liottaa et al 2020 55 162 79 347
Subtotal (95% CI) 291 577
Total events 83 158

Heterogeneity: Tau®= 0.71; Chi*= 6.54, df= 2 (P = 0.04)] "= 69%

Testfor overall effect: Z=1.26 (P = 0.21)
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Fig.4 Forest plot of the risk factors for developing neurological complications in COVID-19 patients

and malignancy (?=10%, 39, 0, 0, 57, and 60%, P> 0.05
respectively); thus, the quality of evidence for the pooled
estimate of these outcomes was judged to be moderate.
However, we judged the quality of evidence to be low

for the pooled estimate of the following outcomes: mean
age, hypertension, diabetes, heart disease and a history
of neurological diseases. We downgraded the evidence
by one more level due to the considerable significant

100
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Fig.5 Forest plot of the pooled estimate of significant risk factors for
neurological associations in COVID-19 patients

heterogeneity recorded in these analysis (I>=93%, 77,
63, 76, and 69%, P <0.05 respectively); this heterogene-
ity could be explained by differences among participants in
the background variables and methods used for neurologi-
cal diagnosis and case definition (Table 2).

4.3 Overall Completeness and Applicability
of Evidence

All of the studies included in this review prespecified and
determined neurological complications in COVID-19
patients as the primary outcome measure. Furthermore,
most studies investigated and reported the following risk
factors: male sex, the severity of COVID-19, hypertension,
diabetes, heart disease, malignancy, and CKD. Mean age,
dyslipidemia, and smoking were reported by two studies
only.

4.4 Potential Bias Encountered During the Review
Process

For the current review, two authors independently and
systematically screened major databases. In addition, the
authors independently extracted and data and performed
analysis. The authors solved any disagreement or variation
in judgment by discussion. Therefore, it is unlikely that this
approach could have introduced bias in the review.

4.5 Agreements and Disagreements with Other
Studies and Reviews

4.5.1 Frequency of Neurological Complications
in COVID-19 Patients

In this review, we recorded neurological complications in
8.24% of patients with COVID-19, including acute ischemic
stroke (4.6%), intracerebral hemorrhage (0.5%), cerebrovas-
cular disease (1.78%), delirium (84.3%), myalgia (44.8%),
headache (37.7%), encephalopathy (31.8%), dizziness
(29.7%), dysgeusia (15.9%), and anosmia (11.45). Motor and
sensory disorders, ataxia, and seizures were rare (accounting
for 0.2-1.4% of cases). Recent studies have reported that
some COVID-19 patients develop neurological diseases in
addition to the more common upper and lower respiratory
symptoms, including viral encephalitis, meningoencepha-
litis, ischemic stroke, and hemorrhagic stroke [8—10, 25,
26]. Furthermore, Mao et al. [8] investigated hospitalized
COVID-19 patients and found that 36.4% had nervous sys-
tem manifestations in the CNS (24.8%), PNS (8.9%), and
skeletal muscle injury (10.7%). These authors also reported
that the most common CNS manifestations were dizziness
(16.8%) and headache (13.1%). The most frequently reported

Table 2 Quality of evidence

- Outcome Number of OR/MD (I Heterogeneity Quality of evidence
relating to outcome measures participants
Mean age 2318 18.35 9.39-27.32 P=93%, P<0.0001  Low
Male sex 4401 1.71 1.24-2.36 P=10%, P=0.35 Moderate
Smoking 2099 1.77 1.21-2.59 P=0%, P=0.74 Moderate
Severity 4401 4.30 2.54-7.29 P=39%, P=0.15 Moderate
Hypertension 2671 4.01 1.05-15.36  *=77%, P=0.0004  Low
Diabetes 2811 2.31 1.15-4.65 P=63%, P=0.03 Low
Dyslipidemia 2425 2.13 1.52-3.00 P=0%, P=0.42 Moderate
HD 2811 2.53 1.01-6.33 P=76%, P=0.002 Low
CKD 2592 1.24 0.55-2.79 P=57%, P=0.07 Moderate
Malignancy 895 1.23 0.41-3.66 P=60%, P=0.06 Moderate
History of neuro- 868 2.13 0.66-6.88 P=69%, P=0.04 Low

logical disease

CKD chronic kidney disease, HD heart disease, MD mean difference, OR odds ratio
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PNS symptoms were taste (5.6%) and the impairment of
smell (5.1%).

Similarly, Moriguchi et al. [9] and Xiang et al. [10]
reported two cases of encephalitis in COVID-19 patients.
Rothstein et al. [27] recorded ischemic stroke and intracra-
nial hemorrhage in 2.4 and 0.9% of hospitalized COVID-19
patients, respectively. Furthermore, Guillain—Barre syn-
drome has been identified in COVID-19 patients in many
case reports [28-30].

However, Ghannam et al. [31] recorded higher figures
for the pooled estimate of neurological complications in
COVID-19 patients, including cerebrovascular insults
(48.8%), neuromuscular disorders (28%), and encephalitis
(23%). These high figures could be explained by the low
number of included participants and the different methods
used for case definition.

4.5.2 Possible Mechanisms Underlying Neurological
Complications

Inflammation of the CNS in COVID-19 patients could be
caused by nonspecific complications of systemic disorder
[6]. An alternative proposal theorized that inflammation of
the CNS could be caused by viral infection via the axonal
transport of the virus via the peripheral nerves into the brain
[7]. Brain injury and neurological symptoms might occur
because of the invasion of neural cell membranes by ACE2.
The spike protein of the coronavirus is known to bind to
neuronal ACE2 receptors in the brain and attaches to target
cells. Then, the spike protein is activated by serine protease
TMPRSS2, thus allowing the virus to enter neurons [32].
In addition, endothelial cells in the cerebral blood vessels
might be attacked by the virus through ACE2 receptors,
thereby disrupting the blood-brain barriers and promoting
invasion of the brain tissue and neurons [33, 34].

4.5.3 Risk Factors for the Development of Neurological
Complications

In this review, we investigated factors associated with the
development of neurological complications in COVID-19
patients. The severity of COVID-19 disease and underly-
ing comorbidity (mainly hypertension) increased the prob-
ability of the risk by approximately fourfold (OR 4.30, CI
2.54-7.29 and OR 4.01, CI 1.05-15.36, respectively). Heart
disease, diabetes, and dyslipidemia increased the risk by
approximately twofold (OR 2.53, CI 1.01-6.33; OR 2.31,
CI 1.15-4.65; and OR 2.13, CI 1.52-3.00, respectively).
Other recorded risk factors were old age (MD 18.35, CI
9.39-27.32), male sex (OR 1.71, CI 1.24-2.36), and smok-
ing (OR 1.77, CI 1.21-2.59). On the other hand, malignancy,
CKD, and a history of neurological disease were not sig-
nificant risk factors (OR 1.23, CI 0.41-3.66; OR 1.24, CI

0.55-2.79; OR 2.13, CI 0.66-6.88, respectively). These
findings were consistent with those of Mao et al. [8] who
found that patients with severe COVID-19, along with those
with underlying disorders, especially hypertension, devel-
oped significant higher percentages of acute cerebrovascular
disease (mainly ischemic stroke) (45.5 vs. 30.2%, P=0.02
and 5.7 vs. 0.8%, P=0.03 respectively). Similarly, Rothstein
et al. [27] found that ischemic stroke was more prevalent in
hypertensive, diabetic, and elderly patients with COVID-19.
Bekelis et al. [35] reported that COVID-19 patients who
develop ischemic stroke were associated with a higher case-
fatality rate (OR 10.50, CI 3.54-31.18) and had an increased
risk for discharge to rehabilitation (OR 2.45, CI1 0.81-1.25).
Similarly, Ojo et al. [36] reported similar risk factors for
both severe COVID-19 and ischemic stroke. Another study
also found that COVID-19 patients who developed ischemic
stroke had at least one stroke-associated comorbidity [37].

Along the same lines, Ghannam et al. [31] found that the
mean age of COVID-19 patients who developed neurologi-
cal complications was 62.3 years; moreover, 62.2% of these
were males.

Similarly, Kennedy et al. [38] reported that the pooled
incidence of intracranial hemorrhage among patients with
COVID-19 was 0.7% (CI 0.5-0.9); most patients were
elderly men (66%) diagnosed with hypertension (54%).

Similarly, a prospective study identified risk factors asso-
ciated with the development of delirium among COVID-19
patients including an older age (adjusted relative risk [aRR]
1.51, CI 1.17-1.95), living in a nursing home (aRR 1.23, CI
0.98-1.55), and both vision and hearing impairment (aRR
1.98, CI 1.54-2.54 and aRR 1.10, CI 0.78-1.55, respec-
tively). However, in contrast with our findings, a past history
of neurological disease, such as stroke, Parkinson disease,
and previous use of psychoactive medication, were all identi-
fied as significant risk factors (aRR 1.47, CI 1.15-1.88; aRR
1.88, CI 1.30-2.58; and aRR 1.42, CI 1.11-1.81, respec-
tively) [39].

Similar risk factors for neurological complications
in COVID-19 patients were reported by Pun et al. [40],
including an older age (OR 1.13, CI 1.03-1.25), a higher
Simplified Acute Physiology Score (SAPS) (OR 1.17,
CI 1.07-1.29), smoking or alcohol abuse (OR 1.37, CI
1.13-1.67), and disease severity, such as invasive mechani-
cal ventilation (OR 1.48, CI 1.17-1.87). These authors also
identified the following risk factors: vasopressors (OR 1.25,
CI 1.10-1.43), the use of restraints (OR 1.32, CI 1.16-1.50),
antipsychotics (OR 1.59, CI 1.36-1.85, P <0.0001), seda-
tive benzodiazepine infusions (OR 1.59, CI 1.33-1.91), and
continuous opioid infusions (OR 1.39, CI 1.21-1.60). Fam-
ily visitation, however, was associated with a 27% lower risk
of delirium (OR 0.73, CI 0.63-0.84, P <0.0001).

In addition, previous studies reported that patients with
COVID-19 who were admitted with neurological diseases,
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including stroke, had significantly higher rates for admis-
sion into the intensive care unit [39], in-hospital mortality,
incident delirium [41], and discharge to rehabilitation [35].

5 Conclusion

In this review, we identified several significant factors asso-
ciated with the development of neurological complications
in COVID-19 patients, including old age, male sex, smok-
ing, severity of the disease and underlying comorbidities
including hypertension, heart disease, diabetes, dyslipi-
demia. These complications are relatively uncommon. How-
ever, during the COVID-19 pandemic, differential diagnosis
of the disease should be suspected when confronted with
patients with neurological manifestations to avoid delayed
diagnosis or misdiagnosis. Early identification of at-risk
patients, particularly experiencing comorbid conditions
could be important if we are to improve their outcome and
prevent further transmission.
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