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Abstract
Objective
This article estimates the incidence and fatality of coronavirus disease 2019 (COVID-19) and
identifies potential risk factors for fatality in patients with active epilepsy.

Methods
This is a cross-sectional observational study of patients with active epilepsy and COVID-19. A
control group was used to compare the cumulative incidence and case-fatality rate (CFR). The
main outcomes of the study were cumulative incidence, defined as number of patients with
active epilepsy and COVID-19 admitted to an emergency department divided by the total
number of patients with epilepsy at risk, and CFR based on the number of deaths during the
enrollment period. Multiple logistic regression analysis was performed to investigate risk factors
for fatality in patients with active epilepsy.

Results
Of the 1,537 patients who fulfilled the inclusion criteria, 21 (1.3%) had active epilepsy. The
cumulative incidence (95% confidence interval [CI]) of COVID-19 in patients with epilepsy
was higher (1.2% [0.6–2.4]) compared to the population without epilepsy (0.5% [0.5–0.5]). In
reverse transcription PCR–positive patients, there were no significant differences in CFR in
patients with active epilepsy compared to patients without epilepsy (33.3% vs 8.3%; p = 0.266).
Of the 21 patients with active epilepsy, 5 (23%) died. In multivariate analysis, the factor
associated with fatality in patients with active epilepsy was hypertension (odds ratio [OR] 2.8
[95% CI 1.3–21.6]). In another model, age (OR 1.0 [95% CI 1.0–1.1]) and epilepsy (OR 5.1
[95% CI 1.3–24.0]) were associated with fatality during hospitalization.

Conclusion
COVID-19 cumulative incidence was higher in patients with active epilepsy. Epilepsy was
associated with fatality during hospitalization. Hypertension was associated with fatality in
patients with epilepsy.
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Neurociencias (P.C.-G., N.L.C.-P., G.P.-P., M.V.C.-S., P.J.S.-C.), and Unidad de Gestión Cĺınica de Reumatoloǵıa (N.M.-V.), Hospital Regional Universitario de Málaga, Spain.
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The coronavirus disease 2019 (COVID-19) caused by the
novel severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has spread worldwide rapidly as a pandemic. The
disease can go unnoticed in asymptomatic infected patients or
cause a severe acute respiratory infection that can eventually
lead to death. At the time of writing this article, Spain has the
world’s highest number of deaths per million inhabitants due to
COVID-19, as well as the second-highest number of confirmed
cases,1,2 taking into consideration the variability between
countries in the availability and criteria for testing, as well as the
rate of false-negatives in reverse transcription PCR (RT-PCR)
testing3 and the low reliability of serologic tests.4

Epilepsy is a disorder characterized by an enduring pre-
disposition of the brain to generate epileptic seizures.5 The
estimated prevalence of active epilepsy in the world is 6.38 per
1,000 persons6; in Spain, it is estimated to be 5.79 per 1,000
persons.7 Comorbidities are common in epilepsy,8 and some
authors propose epilepsy to be considered as an entity that not
only consists of the presence of epileptic seizures but also of
their comorbidities with a common origin in systemic dys-
function.9 Somatic comorbidities are more frequent in patients
with epilepsy than in the general population, including car-
diovascular risk factors such as diabetes, hypertension, and
obesity,10 as well as respiratory disorders, especially of in-
fectious origin.11 Regarding the latter, patients with epilepsy
have a 3-fold increased risk of having pneumonia than the
general population and associated with highermortality rates.12

This predisposition may be explained by the risk of aspiration
pneumonias during generalized seizures,11 but could in addi-
tion be related to the underlying cause of the epilepsy (remote
symptomatic epilepsies) due to the fact that institutionalized
patients have a higher risk of death due to pneumonia and are
presumed to be more fragile, and have arduous seizure control
and psychomotor retardation, compared with patients with
epilepsy in the community.13 In addition, pneumonia is a fre-
quent cause of death among pediatric patients with epilepsy,
but not in the general pediatric population.13 Treatment
strategies in epilepsy are deficient in disease-modifying or tar-
geted therapies with some exceptions,14 and are mostly based
on antiepileptic drugs (AEDs). Those drugs are not only ad-
ministered for epilepsy and can be useful in a wide spectrum of
disorders, although some have been associated with a modest
increased risk of infectious diseases.15

It remains unknown whether patients with epilepsy have an
increased risk of COVID-19 or developing more severe
disease.16,17 The aim of this study was to determine the

incidence and fatality of COVID-19 among patients with
active epilepsy compared with the general population, identify
the main risk factors related to higher fatality in patients with
active epilepsy, and analyze whether epilepsy is associated
with fatality in hospitalized patients with COVID-19.

Methods
Design
This was a cross-sectional observational study of a case series
of patients with active epilepsy. It was conducted in the
Instituto de Investigación Biomédica de Málaga and the
Neurology Department of Hospital Regional Universitario de
Málaga (HRUM), Spain.

Patients
We included all patients with active epilepsy with admission in
the COVID-19 patient flow of HRUM emergencies from
March 13 to April 12, 2020 (both included). Eligibility criteria
were as follows: at least 14 years old and diagnosis of active
epilepsy according to the International League Against Epi-
lepsy (ILAE).18 The patients with epilepsy included in this
study were diagnosed in the Epilepsy Unit of our service after
a standardized diagnostic procedure including, if necessary,
long-term video-EEG monitoring and high-resolution MRI.
Patients with suspected psychogenic nonepileptic seizures
and patients with a final etiologic diagnosis different from
COVID-19 were excluded.

To calculate the cumulative incidence and fatality rate in
patients with epilepsy, we considered as denominator the
extrapolation for the reference area of our hospital of the
results of the only population-based epidemiologic study re-
cently carried out in Spain.7

Controls
In order to compare the incidence and fatality of COVID-19 in
patients with active epilepsy, we used as a control group all
patients 14 years or older without active epilepsy with admission
in the COVID-19 patient flow of HRUM. Patients with a final
etiologic diagnosis different from COVID-19 were excluded.

We calculated the cumulative incidence and fatality rate of
COVID-19 in the global population using the population refer-
ence area of our site as the denominator. Public Health Service in
Spain includes practically the whole population and during the
pandemic the government of Spain decided that both public and
private health resources should be directed by a single command.

Glossary
ACE2 = angiotensin-converting enzyme 2;AED = antiepileptic drug;AT1 = angiotensin II type 1;CFR = case-fatality rate;CI =
confidence interval; COVID-19 = coronavirus disease 2019; HRUM = Hospital Regional Universitario de Málaga; ILAE =
International League Against Epilepsy; RT-PCR = reverse transcription PC; SARS-CoV-2 = severe acute respiratory syndrome
coronavirus 2.
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Study protocol
Patients admitted in the COVID-19 patient flow of the HRUM
emergency department who met the inclusion and exclusion
criteria were selected. The HRUM emergency department
COVID-19 patient flow consists of an independent area in the
emergency department aimed to evaluate patients with sus-
pected high biological risk. It consists of a consultation room
area, a critical care room, and a specific radiology team. All
patients with signs or symptoms of acute respiratory infection19

according with COVID-19 detected at the triage area were
admitted to the COVID-19 patient flow. The patients were
subsequently evaluated by a doctor who requested analytical,
radiologic, or microbiological tests as well as hospital admission
or outpatient management following the recommendations of
the Ministry of Health of the Government of Spain.20

The patients included in our study were those with a clinical
acute respiratory infection compatible with COVID-19,
considering Spain a country with community transmission.
Following Spanish government valid recommendations in the
period of the study, RT-PCR test was performed in patients
with moderate to severe disease (i.e., hospitalization required)
or in mild cases with any risk factors for a potential COVID-
19 severe disease. In patients with mild disease and no risk
factors, the diagnosis was achieved on clinical grounds. These
cases were classified as possible cases according to Spanish
government directives.21 In all patients who required hospi-
talization, RT-PCR was performed at least once. Hospitalized
patients with a negative RT-PCR but with clinical–radiologic
disease compatible with COVID-19 and without finding an-
other etiology were considered as probable cases, also fol-
lowing Spanish government directives. Patients with
a positive RT-PCR for SARS-COV-2 were considered
COVID-19 confirmed cases.

Standard protocol approvals, registrations,
and patient consents
Data were collected systematically in a predefined sheet from
patients’ clinical records. Written informed consent was
obtained from all patients (or guardians of patients) partici-
pating in the study. The study was approved by the local
medical ethics committee (Code 0852-N-20).

Study outcomes
The main outcomes of the study were cumulative incidence
and case-fatality rate (CFR). The total cumulative incidence
was defined as the number of patients with active epilepsy who
met inclusion and exclusion criteria who were admitted to the
COVID-19 patient flow during the enrollment period divided
by the total number of patients with active epilepsy in the
HRUM emergency department health influence area at the
start of the enrollment period. The number of patients with
active epilepsy at risk at the beginning of the period was esti-
mated based on the total population of 14 years and older
served by the HRUM emergency department, which according
to the most recent available official epidemiologic reports is
302,556 persons,22–24 and on the estimated prevalence of active
epilepsy in Spain (5.79 per 1,000 persons; 95% confidence
interval [CI] 2.8–10.6 per 1,000 persons).7 Cumulative in-
cidence regarding only patients with a positive RT-PCR was
also calculated.

The CFR was estimated based on the number of deaths
during the enrollment period. Likewise, we calculated CFR
for total cases, positive RT-PCR cases, and hospitalized
patients.

COVID-19 characteristics outcomes
Diagnosis of COVID-19 was made based on Spanish Ministry of
Health classification,21 which considered the following scenarios:
confirmed case, applied for patients with a positive RT-PCR for
SARS-CoV-2; probable case, applied for patients with a severe
acute respiratory infection that required hospitalization with clin-
ical and radiographic features consistent with COVID-19 without
RT-PCR confirmation; and possible case, applied for patients with
mild acute respiratory infection without RT-PCR confirmation.
Other clinical outcomes were pulmonary insufficiency, defined by
a basal oxygen saturation ≤92%; pneumonia detected on chest
X-ray; and requirement of hospitalization. Regarding the labora-
tory data, the following results were collected: lymphocyte abso-
lute count per mm3, D-dimer, C-reactive protein, ferritin, and
lactate dehydrogenase. All treatments forCOVID-19 administered
were collected: azithromycin, hydroxychloroquine/chloroquine,
lopinavir/ritonavir, remdesivir, anti-interleukin-6, anti-interleukin-
1, steroids, and IV immunoglobulins.

Table 1 Cumulative incidence of coronavirus disease 2019 (COVID-19) in patients with active epilepsy and controls

No. of patients with COVID-19 Population at risk (95% CI)a Cumulate incidence (95% CI)

No active epilepsy 1,516 300,804 (299,348.9–301,708.9) 0.0050 (0.0050–0.0050)

Active epilepsy 21 1,751.7 (847.1–3,207.1) 0.0119 (0.0065–0.0247)

No. of RT-PCR+ patients withCOVID-19 Population at risk (95% CI)a Cumulate incidence (95% CI)

No active epilepsy 511 300,804 (299,348.9–301,708.9) 0.0016 (0.0016–0.0017)

Active epilepsy 9 1,751.7 (847.1–3,207.1) 0.0051 (0.0028–0.0106)

Abbreviations: CI = confidence interval; RT-PCR = reverse transcription PCR.
a Population at risk at the beginning of the enrollment period.
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Other outcomes
Epidemiologic data were collected including sex, age, de-
pendency (patients admitted to a residential center for disabled
people or nursing homes), and institutionalization (patients
who need support to perform such basic tasks as dressing,
eating, walking, or cleaning), and comorbidities or cardiovas-
cular risk factors including smoking, hypertension, diabetes
mellitus, obesity, previous history of heart disease (ischemic
heart disease, congestive heart failure, significative arrhythmia),
stroke, or pulmonary disease (chronic obstructive pulmonary
disease, pulmonary fibrosis, asthma). In regard to epilepsy,
active epilepsy was defined as a patient with epilepsy who had
seizures in the last 5 years or on treatment with AEDs. Seizure
types, epilepsy type, and etiology of the epilepsy according to
the ILAE 2017 classification was noted.25,26 In addition, data of
the AEDs used were collected, including the total number of
AEDs used, doses and type of AED, as well as presence of drug-
resistant epilepsy according to ILAE definition.27

Data availability
Any anonymized data not published within this article will be
shared by request from any qualified investigator.

Statistical analysis
Cumulative incidence of COVID-19 in patients with active epi-
lepsy was estimated and then compared to the estimated cumu-
lative incidence of the patients without active epilepsy. Then we
calculated CFR in the epilepsy group and in the control group; χ2

was used to contrast results between groups. Subsequently, a de-
scriptive analysis of patients with active epilepsy was performed.
The qualitative variables were expressed as absolute number and
their percentage and the quantitative variables as mean (SD)
or median (interquartile range) according to their distribution.
The adjustment of the normality of the continuous variables was
confirmed with the Kolmogorov-Smirnov test. χ2 and Student t
or Mann-Whitney U were performed to compare the main
characteristics among patients with active epilepsy according to
mortality. Finally, a stepwise logistic regression analysis was carried
out to explore the variables independently associated with fatality

in patients with active epilepsy with COVID-19 infection in-
cluding into the equation variables that were significant in a pre-
vious analysis and of clinical interest. Another logistic regression
analysis was performed to identify associated factors. For all
analyses, a value of p < 0.05 was considered significant. All data
were analyzed using the statistical program R 2.4-0.

Results
Cumulative incidence and CFR of COVID-19 in
patients with active epilepsy
A total of 1,572 patients were admitted to the COVID-19
patient flow of the HRUM emergency department between
March 13 and April 12, 2020, both days included. A total of
1,537 fulfilled the inclusion and exclusion criteria and enrolled
for further analysis. A total of 21 patients (1.3%) with active
epilepsy who met inclusion and exclusion criteria were iden-
tified. Table 1 shows the total cumulative incidence of both
groups and the cumulative incidence regarding RT-PCR–
positive cases only. The cumulative incidence (95% CI) of
COVID-19 in patients with active epilepsy was higher (1.2%
[0.6–2.4]) compared to population without active epilepsy
(0.5% [0.5–0.5]). The cumulative incidence in patients with
epilepsy was also higher considering only the patients with
positive RT-PCR (0.5% [0.2–1.0] vs 0.1% [0.1–0.1]).

Table 2 shows CFR results. The total CFR was higher in
patients with active epilepsy compared to patients without
active epilepsy (23.8% vs 3.6%; p < 0.001) and considering
only hospitalized patients (50.0% vs 16.1%; p = 0.005). These
differences were also observed taking into account only
patients with positive RT-PCR, although these differences did
not reach statistical significance (33.3% vs 8.8%; p = 0.266).

Characteristics and factors associated with
fatality in hospitalized patients with COVID-19
Of the 351 hospitalized patients, 60 (17.1%) died. Most of the
hospitalized patients were male (60.1%) with an approximated

Table 2 Case-fatality rate of coronavirus disease 2019 (COVID-19) in patients with active epilepsy and controls

No. of patients with COVID-19 No. of deaths Case-fatality rate (p < 0.001)

No active epilepsy 1,516 55 0.036

Active epilepsy 21 5 0.238

No. of RT-PCR+ patients with COVID-19 No. of deaths Fatality rate (p = 0.266)

No active epilepsy 511 45 0.088

Active epilepsy 9 3 0.333

No. of hospitalized patients with COVID-19 No. of deaths Case-fatality rate (p = 0.005)

No active epilepsy 341 45 0.161

Active epilepsy 10 5 0.500

Abbreviation: RT-PCR = reverse transcription PCR.
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mean age of 67 years. More than half were hypertensive
(56.7%). Other comorbidities were diabetes (23.6%), heart
disease (25.4%), and chronic pulmonary disease (22.5%). A
total of 32/351 received invasivemechanical ventilation; one of
them was a patient with epilepsy. At the final study date, 103
patients without epilepsy and 3 with active epilepsy were still
hospitalized.

A total of 10/351 (2.8%) were patients with epilepsy, 8/10
(80%) were dependent, and 7/10 (70%) were hypertensive.
Fatality in hospitalized patients was associated with age, epi-
lepsy, hypertension, and heart disease. The results of the
multivariate analysis in table 3 show that CFR in hospitalized
patients with COVID-19 was associated with age and pres-
ence of active epilepsy.

Sociodemographic characteristics and clinical
features of patients with active epilepsy
and COVID-19
The main characteristics and clinical features of patients with
active epilepsy andCOVID-19 are shown in table 4.Most patients
were male (67%) with an approximate mean age of 58 years.
More than half were in a dependent situation and one-third were
institutionalized. Hypertension was the most frequent comor-
bidity, followed by other cardiovascular risk factors. Most patients
had focal epilepsy (57%), with structural etiology being the most
frequent (33%; vascular n = 1, meningioma n = 2, malignancy n =
2, dysplasia n = 1, and degenerative n = 1). More than half had
presented generalized tonic-clonic seizures. In 2 patients, the type
of seizure and the type of epilepsy was unknown. All patients were
onAEDs and levetiracetamwas themost commonly used. A third
of the patients were on treatment with 2 or more AEDs and only
one patient had drug-resistant epilepsy.

Nine patients (42.9%) were confirmed, 5 (23.8%) probable,
and 7 (33.3%) possible cases. Almost half of the patients (43%)
required hospitalization and 5/21 (23%) died. Two patients
had epileptic seizures during the course of the disease. One

patient had arrhythmia, but none had QT lengthening. Most
had radiologic pneumonia (85%). The analytical characteristics
are shown in table 3. Regarding treatment, all patients received
some treatment for COVID-19 and the most commonly used
treatment was azithromycin followed by glucocorticoids.

Factors associated with COVID-19 fatality in
patients with active epilepsy
Of the 21 patients with active epilepsy, 5 (23%) died. Patients
who died had a higher mean age and higher frequency of
hypertension and diabetes mellitus. There were no differences
in epilepsy characteristics. Most patients who died were on
treatment with valproate (60%) but no statistical significance
was found compared with alive patients (p = 0.075). Radio-
logic pneumonia was common in both groups. There were no
differences in analytical characteristics or treatment for
COVID-19 between the groups.

Table 5 shows the logistic regression multivariate analysis (de-
pendent variable: fatality) in patients with epilepsy withCOVID-
19. The presence of hypertension was independently associated
with fatality in patients with epilepsy with COVID-19.

Discussion
The pandemic caused by SARS-CoV-2 that originated inWuhan,
China,25 has affected most countries worldwide, including Spain.
The disease can go unnoticed in some patients or otherwise cause
a severe acute respiratory infection that can eventually lead to
death. Several risk factors have been proved to be associated with
more severe disease, including advanced age, heart disease, hy-
pertension, diabetes mellitus, chronic pulmonary disease, obesity,
and cancer.26–28 TheCenters forDiseaseControl and Prevention
have suggested that some neurologic diseases such as epilepsy
might be a risk factor for COVID-19, partly due to the increased
rate of comorbidities associated with these patients.16 Because
there is very limited evidence of COVID-19 in patients with

Table 3 Single and multiple logistic regression results for coronavirus disease 2019 (COVID-19) case fatality in
hospitalized patients

Variable Univariate OR (95% CI) Multivariatea OR (95% CI) p Value

Age, y 1.07 (1.04–1.09) 1.07 (1.04–1.09) <0.001

Sex, male 1.39 (0.79–2.44)

Epilepsy 5.20 (1.45–18.56) 5.12 (1.39–24.09) 0.016

Hypertension 2.96 (1.561–5.62)

Diabetes mellitus 1.54 (0.85–2.81)

Heart disease 2.48 (1.38–4.46)

Pulmonary disease 1.58 (0.85–2.95)

Abbreviations: CI = confidence interval; OR = odds ratio.
All the variables shown in the table were included in the equation.
a Naglerke R2 = 0.183.
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epilepsy, we conducted this study to determine the incidence and
fatality rate of this disease in patients with active epilepsy, as well
as potential risk factors that could be associated with fatality. We
also studied active epilepsy as a possible risk factor for fatality in
hospitalized patients with COVID-19.

In our study, we observed a higher cumulative incidence of
COVID-19 in patients with active epilepsy than in patients
without epilepsy. The fact that we included all cases whether they
were confirmed, probable, or possible could be considered an
asset as potential false-negatives have not been misplaced.3

Nevertheless, we also obtained a higher incidence considering
only confirmed cases by positive RT-PCR. These results should
be considered in the context of the high rates of asymptomatic
patients withCOVID-19 reported in the literature.29 Young age is
the only factor found to be associated with an asymptomatic
course.30 However, there are risk factors associated with more
severe disease that are more prevalent in patients with
epilepsy,10,11 which could explain the higher incidence of
COVID-19 among people with epilepsy.

Table 4 Characteristics of patients with active epilepsy
and coronavirus disease 2019 (COVID-19)

Variable
Active epilepsy
(n = 21)

Epidemiologic features

Age, y 57.8 (17.0)

Sex, male 14 (66.7)

Institutionalizeda 7 (33.3)

Dependentb 13 (61.9)

Comorbidities

Obesity 6 (28.6)

Hypertension 7 (33.3)

ACE inhibitors 3 (14.3)

Angiotensin II type 1 receptor
antagonists

4 (19.0)

Diabetes mellitus 5 (23.8)

Smoking 4 (19.0)

Heart disease 5 (23.8)

Pulmonary disease 4 (19.0)

Stroke 2 (9.5)

Clinical features of epilepsy

Type of epilepsy

Focal 12 (57.1)

Generalized 2 (9.5)

Unknown 7 (33.3)

Etiology

Structural 7 (33.3)

Genetic 2 (9.5)

Infectious 0 (0.0)

Metabolic 0 (0.0)

Immune 0 (0.0)

Unknown 11 (52.4)

COVID-19 diagnosis

Possible 7 (33.3)

Probable 5 (23.8)

Confirmed 9 (42.9)

Clinical features

Hospitalization 9 (42.9)

Respiratory insufficiency 10 (47.6)

Epileptic seizures during the infection 2 (9.5)

Arrhythmia 1 (4.8)

Table 4 Characteristics of patients with active epilepsy and
coronavirus disease 2019 (COVID-19) (continued)

Variable
Active epilepsy
(n = 21)

Prolonged QT 0 (0.0)

Deaths 5 (23.8)

Radiologic features

Radiologic signs of pneumonia 18 (85.7)

Laboratory features

CRP, mg/dL 54.0 (5.0–156.2)

Lymphocytes per mm3 1,700.0 (900.0–2,795.0)

D-dimer, μg/L 1,148.5 (480.0–2,007.2)

LDH 192.0 (152.0–277.0)

Ferritin 97.0 (38.0–118.0)

Treatment

Azithromycin 11 (52.4)

Cefditoren 4 (19.0)

Lopinavir/ritonavir 5 (23.8)

Hydroxychloroquine/chloroquine 5 (23.8)

IL-6 inhibitors 0 (0.0)

Steroids 7 (33.3)

Abbreviations: ACE = angiotensin-converting enzyme; CRP = C-reactive
protein; IL = interleukin; IQR = interquartile range; LDH = lactate
dehydrogenase.
a Institutionalized = admitted to a residential center for disabled people or
nursing home.
b Dependent = needs support to perform such basic tasks as dressing, eat-
ing, walking, or cleaning.
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There is variability in the CFRs reported in different pop-
ulations. For instance, China has reported a 2.3% mortality
rate and Italy a 7.2% mortality rate.31 In Spain, the calculated
CFR in confirmed cases with the last data available from the
Spanish Ministry of Health at the time of writing this article is
11.2%.32 These differences from countries like China could be
explained by a higher mean age of the population, higher rates
of comorbidities, and tendency of not testing patients with
mild symptoms or asymptomatic exposed patients.31 The
CFR of all the confirmed cases in our study is 9.2%, similar to
the estimations made by the Spanish Ministry of Health. In
our study, the CFR was higher in patients with active epilepsy
than in the control group. This result could be explained by
the higher rate of risk factors for a severe form of COVID-19
in patients with epilepsy, such as hypertension.26–28,33 In fact,
in our study, hypertension was the only independent risk
factor associated with fatality in patients with epilepsy.
However, we could not find significant differences in patients
with positive RT-PCR. Spanish government directives during
the period of our study recommended performing RT-PCR
only in patients with moderate to severe disease
(i.e., hospitalization required) or patients with mild symp-
toms but considered vulnerable (i.e., patients with epilepsy)
for risk of developing severe disease. According to this,
a higher proportion of patients with moderate to severe dis-
ease or considered vulnerable should be expected to be found
in the RT-PCR–positive group of patients without epilepsy
with respect to the total population and thus to have a higher
fatality rate. This higher proportional increase of fatality rate
in the group of patients without epilepsy and the small sample
of patients in the patients with epilepsy group could explain
the lack of significance.

In the multivariate analysis in hospitalized patients, risk factors
associated independently with fatality were age and epilepsy.
This could be explained by the vulnerability of the hospitalized
patients with epilepsy with high comorbidity burden such as
hypertension. The multivariate analysis showed that in patients

with active epilepsy, hypertension was independently associ-
ated with fatality. The fact that hypertension was not an in-
dependent factor for fatality in hospitalized patients can be
explained because more than half of them were hypertensive.

Some recent studies have reported hypertension as the most
common comorbidity associated with COVID-19.26 How-
ever, the role of hypertension and its treatments is unclear.34

An overexpression of the angiotensin-converting enzyme 2
(ACE2) in patients treated with ACE2 inhibitors or angio-
tensin II type 1 (AT1) receptor antagonists35 have been
proposed. In our cohort, all patients were on ACE2 inhibitors
or AT1 receptor antagonists; no differences in mortality were
found regarding those treatments.

Our study has several limitations. Our cohort group has
a small sample size. Nevertheless, we found risk factors as-
sociated with higher fatality rates in patients with epilepsy
with COVID-19 that had previously been reported in gen-
eral population studies. Although we had a large control
group to estimate cumulative incidence and CFR in the
general population, we only have whole data of those hos-
pitalized. Another fact to consider is that we included
patients without confirmation by RT-PCR as COVID-19
cases; this may have caused the inclusion in the study of
some patients without COVID-19. However, to reduce this
bias, we ruled out those patients with a confirmed etiologic
diagnosis other than COVID-19. Finally, in any hospital-
based study, we must consider that the chance of admission
is modified by a risk factor of interest. In this case, the
probability of being admitted (including going to the hos-
pital) when one has COVID-19 symptoms is greater if one
also has other illnesses (perhaps epilepsy). This fact may
have had an influence on our results, although it does not
detract from their validity.

The incidence of COVID-19 is higher in patients with active
epilepsy than in the general population. This could be

Table 5 Single and multiple logistic regression results for coronavirus disease 2019 case fatality in patients with active
epilepsy

Variable Univariate OR (95% CI) Multivariatea OR (95% CI) p Value

Age, y 1.08 (1.01–1.17)

Sex, male 1.46 (0.18–11.71)

Obesity 1.87 (0.73–17.8)

Hypertension 2.85 (1.38–21.60) 2.85 (1.37–21.60) 0.027

Diabetes mellitus 2.35 (1.02–17.16)

Heart disease 1.06 (0.32–25.70)

Pulmonary disease 1.54 (0.45–27.62)

Abbreviations: CI = confidence interval; OR = odds ratio.
The variables included in the equation were age, hypertension, and diabetes.
a Naglerke R2 = 0.212.
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explained by higher risk of presenting symptoms and higher
number of RT-PCR tests performed in vulnerable patients
with higher comorbidities burden related to the severity of
COVID-19, as occurs in patients with epilepsy. Epilepsy could
be an independent risk factor for fatality in hospitalized
patients with COVID-19. Hypertension could be an in-
dependent factor for fatality in patients with active epilepsy.
These data should be corroborated with future studies with
a larger number of patients with active epilepsy and COVID-
19 to confirm our results as well as to identify other possible
risk factors related to the severity of COVID-19 in patients
with active epilepsy.
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Pablo Cabezudo-Garćıa reports speaking fees from EISAI,
BIAL, UCB, Esteve, Neuraxpharm, and Exeltis. Nicolás
Lundhal Ciano-Petersen reports no disclosures relevant to the
manuscript. Natalia Mena-Vazquez reports speaking fees
fromNovartis, Pfizer, AbbVie, UCB, and Roche. Gracia Pons-
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Andalućıa. 2020. Available at: juntadeandalucia.es/institutodeestadisticaycartografia/.
Accessed April 25, 2020.

25. Liang WH, Guan WJ, Li CC, et al. Clinical characteristics and outcomes of hospi-
talised patients with COVID-19 treated in Hubei (epicenter) and outside Hubei
(non-epicenter): a nationwide analysis of China. Eur Respir J 2020;55:2000562.

Appendix Authors

Name Location Contribution

Pablo
Cabezudo-
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