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Abstract
Objective: Data on COVID-19 outcomes in persons with epilepsy (PWE) are 
scarce and inconclusive. We aimed to study the risk of hospitalization and death 
for COVID-19 in a large cohort of PWE from March 1, 2020 to October 31, 2021.
Methods: The historical cohort design (EpiLink Bologna) compared adult PWE 
grouped into people with focal epilepsy (PFE), idiopathic generalized epilepsy 
(PIGE), and developmental and/or epileptic encephalopathy (PDEE), and a 
population cohort matched (ratio 1:10) for age, sex, residence, and comorbidity 
(assessed with the multisource comorbidity score), living in the local health trust 
of Bologna (approximately 800 000 residents). Clinical data were linked to health 
administrative data.
Results: In both cohorts (EpiLink: n = 1575 subjects, 1128 PFE, 267 PIGE, 148 
PDEE, 32 other; controls: n = 15 326 subjects), 52% were females, and the mean 
age was 50 years (SD = 18). Hospital admissions for COVID-19 in the whole period 
were 49 (3.1%) in PWE and 225 (1.5%) in controls. The adjusted hazard ratio 
(aHR) in PWE was 1.9 (95% confidence interval [CI] = 1.4–2.7). The subgroups at 
higher risk were PFE (aHR = 1.9, 95% CI = 1.3–2.8) and PDEE (aHR = 3.9, 95% 
CI = 1.7–8.7), whereas PIGE had a risk comparable to the controls (aHR = 1.1, 
95% CI = .3–3.5). Stratified analyses of the two main epidemic waves (March–
May 2020, October 2020–May 2021) disclosed a higher risk of COVID-19-related 
hospitalization during the first epidemic wave (March–May 2020; aHR = 3.8, 95% 
CI = 2.2–6.7). Polytherapy with antiseizure medications contributed to a higher 
risk of hospital admission. Thirty-day risk of death after hospitalization was 14% 
in both PWE and controls.
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1   |   INTRODUCTION

Coronavirus disease 2019 (COVID-19) is an ongoing 
pandemic caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), which emerged in Wuhan, 
China, in early December 2019, and rapidly spread 
worldwide. Italy was the first country in the western 
world to have been heavily affected by COVID-19, with 
the first case recorded on February 20, 2020. Despite 
several adopted measures, including the implementa-
tion of mass vaccination campaigns since early 2021, at 
the time of writing COVID-19 still represents the major 
public health burden, in Italy as in the world. Emilia-
Romagna, an administrative region in northern Italy 
whose capital city is Bologna, has been hard hit since 
the early COVID-19 outbreak.

The risk of severe COVID-19 and related case fa-
tality is higher among patients with chronic disorders, 
including dementia and cerebrovascular, cardiovas-
cular, respiratory, and renal conditions.1,2 Epilepsy is 
a chronic neurological condition accounting for a sig-
nificant proportion of the world's disease burden.3 
Persons with epilepsy (PWE) show a paradigmatic pat-
tern of vulnerability, due to seizures, antiseizure med-
ication (ASM)-related adverse events, and, in patients 
with developmental and/or epileptic encephalopathies 
(DEE), intellectual disability. A meta-analysis of stud-
ies published up to June 2021 showed that epilepsy is 
associated with poor COVID-19 outcomes.4 However, 
these data are mostly derived from population studies 
referring to the first year of the pandemic in which PWE 
were not clinically characterized and were represented 
in a limited number.

This historical cohort study aimed to assess the risk 
of hospitalization and death for COVID-19 in a large 
cohort of PWE referred to a tertiary epilepsy center, 
compared with a matched control population. The pe-
riod of observation was 20 months from the epidemic 
onset. Stratified analyses of the two main epidemic 
waves (March–May 2020, October 2020–May 2021) 
were also performed.

2   |   MATERIALS AND METHODS

2.1  |  Design and standard protocol 
approvals

This was a historical cohort study. A similar approach has 
been previously used to study COVID-19 outcomes in per-
sons with Parkinson disease or parkinsonism during the 
first epidemic wave (March–May 2020) in the local health 
trust of Bologna (LHTB).5 The STROBE (Strengthening 
the Reporting of Observational Studies in Epidemiology)6 
and RECORD (Reporting of Studies Conducted Using 
Observational Routinely-Collected Health Data)7 guide-
lines were followed. This study was approved by the 
local institutional review board (reference number: 
574-2021-OSS-AUSLBO).

2.2  |  Setting and study population

The LHTB covers almost all the metropolitan area of 
Bologna, located in northern Italy, and had a population 
of 752 104 adults on December 31, 2019. At the beginning 

Significance: During the first 20 months since the outbreak of COVID-19 in 
Bologna, PWE had a doubled risk of COVID-19 hospital admission compared to 
a matched control population. Conversely, epilepsy did not represent a risk factor 
for COVID-19-related death.

K E Y W O R D S

antiseizure medication (ASM), epidemiology, epileptic encephalopathy, mortality, outcome

Key Points
•	 During the first 20 months of the pandemic in 

Bologna, PWE had a doubled risk of COVID-19 
hospital admission compared to controls

•	 The subgroups at higher risk were persons with 
focal epilepsy and epileptic encephalopathy

•	 There was a higher risk of COVID-19-related 
hospitalization in the first epidemic wave 
(March–May 2020)

•	 Polytherapy with antiseizure medications con-
tributed to a higher risk of hospital admission

•	 Epilepsy did not represent a risk factor for 
COVID-19-related death
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of the outbreak, the area included nine general hospitals, 
three academic hospitals (one general, one neurologic, 
one orthopedic), and 11 private clinics operating within 
the Italian National Health Service, for a total of approx-
imately 4400 beds, of which approximately 120 were in 
intensive care units (ICUs). In response to the COVID-19 
outbreak, hospital facilities underwent a major reorgani-
zation; in the early outbreak, eight COVID-19 hospitals/
wards were created, with a total of approximately 550 
dedicated beds, of which approximately 150 were in 
ICUs. Thereafter, multiple further logistical reorganiza-
tions were related to the current epidemiological situ-
ation. During the study period, two different epidemic 
waves can be considered: the first wave from March 2020 
to May 2020 and the second wave from October 2020 
to May 2021 (https://www.salute.gov.it/porta​le/nuovo​
coron​avirus).

Patients were recruited at the Epilepsy Center of the 
Institute of Neurological Sciences of Bologna, Scientific 
Institute for Research and Health Care, which follows the 
vast majority of PWE in the LHTB, ranging from persons 
referred for a suspected first seizure or a new diagnosis of 
epilepsy, to persons with rare and complex epilepsies. All 
adult patients living in the LHTB who underwent a visit 
during 2018 and 2019 and were alive on March 1, 2020, 
were screened by two authors (L.M., L.T.), and those with 
a diagnosis of epilepsy based on International League 
Against Epilepsy criteria8 were included in the study 
(EpiLink cohort). Subsequently, patients were classified 
into four categories: patients with idiopathic generalized 
epilepsy (PIGE), patients with focal epilepsy (PFE), pa-
tients with DEE (PDEE), and patients with a different or 
unknown epilepsy type (PUE).9

The control cohort consisted of people matched with 
the EpiLink cohort, with a ratio of 1:10 for age, sex, dis-
trict of residence, and comorbidity according to the 
Multisource Comorbidity Score (MCS), a novel comorbid-
ity score based on data from administrative health sources 
that was validated in a large Italian cohort, including the 
Emilia-Romagna region.10

2.3  |  Data sources

The Italian health care system is universal; therefore, all 
resident citizens are anonymously recorded in a homog-
enous way when accessing any public or private health 
facility, and personal data are stored by the qualified local 
health trust in secure databases. The Epidemiology and 
Statistics Unit of the Institute of Neurological Sciences of 
Bologna, Scientific Institute for Research and Health Care 
(part of the LHTB) has access to several health adminis-
trative databases (outpatient tests and visits, emergency 

department admissions, hospital discharge, drug prescrip-
tion, mortality). The health data used by this study have 
almost 100% coverage, as the recording is mandatory at 
any access. Each individual of the two cohorts (EpiLink 
cohort, control cohort) was linked with administrative 
databases.

Information from the drug prescription database was 
used to further classify the included PWE into two groups: 
polytherapy (PWE-P; i.e., those who were regularly pre-
scribed ≥2 ASMs) and nonpolytherapy (PWE-NP). The 
MCS was based on data from the hospital discharge and 
drug prescription databases.

2.4  |  Outcomes

The hospital admission rate for COVID-19 from March 
1, 2020 to October 31, 2021 was the primary outcome. 
Diagnosis was obtained from hospital discharge data. 
Hospital admissions for COVID-19 were captured using 
an algorithm of the Emilia-Romagna region based on the 
International Classification of Diseases, Ninth Revision, 
Clinical Modification codes (October 28, 2020; https://
www.ospfe.it/il-profe​ssion​ista/uffic​io-dimis​sioni​-osped​
alier​e-info-e-strum​enti/alleg​ati-2/norma​tiva/20210​201No​
taRER​eGU26.pdf). We also assessed the 30-day mortality 
risk of death for any cause, calculated in the group of hos-
pitalized people.

2.5  |  Statistical analysis

In the descriptive analysis, the characteristics of the two 
cohorts are presented as mean and SD for the continu-
ous variables and with absolute (n) and relative (%) fre-
quency for categorical variables. Chi-squared test and 
Kruskal–Wallis test were used to evaluate the univari-
ate association between conditions (epilepsy/controls) 
and categorical or continuous variables, respectively. To 
evaluate the outcomes (hospitalization for COVID-19 and 
death), two analyses were performed.

In the first one, the time to entry in the analysis was 
March 1, 2020, and the time to endpoint was the date of 
hospital admission, death, or October 31, 2021, whichever 
came first. We used univariate and multivariate Cox re-
gression models to estimate the hazard ratio (HR) with a 
95% confidence interval (CI) associating COVID-19 hos-
pitalization to the presence of epilepsy. Results of the 
univariate analysis are presented using Kaplan–Meier 
curves. In the multivariate models, we included sex, age, 
MCS, district of residence, and the number of hospital ad-
missions in 2018 and 2019 (propensity to hospitalization) 
as covariates. The proportional hazards assumption was 
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T A B L E  1   Features of the EpiLink cohort, subdivided as persons with focal epilepsy, epileptic encephalopathy, and idiopathic 
generalized epilepsy, on March 1, 2020

Feature

Patients with:

pa
Total persons with 
epilepsyb

Focal 
epilepsy

Epileptic 
encephalopathy

Idiopathic 
generalized 
epilepsy

n 1128 148 267 1575

Mean age, years (SD) 53.9 (17.5) 38.6 (15.5) 41.1 (16.8) <.001 50.2 (18.2)

Age distribution, n (%) <.001

18–29 years 120 (10.6) 58 (39.2) 85 (31.8) 267 (17.0)

30–39 years 127 (11.3) 19 (12.8) 56 (21.0) 207 (13.1)

40–49 years 204 (18.1) 28 (18.9) 44 (16.5) 285 (18.1)

50–59 years 229 (20.3) 28 (18.9) 43 (16.1) 304 (19.3)

60–69 years 204 (18.1) 12 (8.1) 20 (7.5) 240 (15.2)

70–79 years 159 (14.1) 3 (2.0) 15 (5.6) 183 (11.6)

80–89 years 81 (7.2) 0 (0) 4 (1.5) 85 (5.4)

≥90 years 4 (.4) 0 (0) 0 (0) 4 (.3)

Sex, n (%) .197

Male 546 (48.4) 77 (52.0) 116 (43.5) 757 (48.1)

Female 582 (51.6) 71 (48.0) 151 (56.5) 818 (51.9)

District, n (%) .031

Bologna 491 (43.5) 73 (49.3) 127 (47.5) 704 (44.7)

Reno 143 (12.7) 22 (14.9) 30 (11.2) 200 (12.7)

Pianura Est 225 (20.0) 30 (20.3) 42 (15.7) 306 (19.4)

Pianura Ovest 114 (10.1) 7 (4.7) 28 (10.5) 150 (9.5)

Appennino 49 (4.3) 6 (4.1) 23 (8.6) 80 (5.1)

San Lazzaro 106 (9.4) 10 (6.8) 17 (6.4) 135 (8.6)

Multisource comorbidity 
score, n (%)

<.001

0–4 842 (74.7) 87 (58.8) 225 (84.3) 1175 (74.6)

5–9 172 (15.3) 41 (27.7) 27 (10.1) 246 (15.6)

10–14 58 (5.1) 10 (6.8) 8 (3.0) 79 (5.0)

15–19 26 (2.3) 6 (4.0) 5 (1.9) 39 (2.5)

≥20 30 (2.6) 4 (2.7) 2 (.7) 36 (2.3)

Number of hospital 
admissions in 2018 and 
2019, n (%)

.064

0 784 (69.5) 103 (69.6) 205 (76.8) 1116 (70.9)

1 188 (16.7) 18 (12.2) 39 (14.6) 250 (15.9)

2 83 (7.4) 12 (8.1) 12 (4.5) 108 (6.9)

3 73 (6.5) 15 (10.1) 11 (4.1) 101 (6.4)

Number of therapies, n (%) <.001

0 89 (7.9) 12 (8.1) 21 (7.9) 125 (7.9)

1 633 (56.1) 49 (33.1) 171 (64.0) 872 (55.4)

2 284 (25.2) 47 (31.8) 55 (20.6) 395 (25.1)

≥3 122 (10.8) 40 (27.0) 20 (7.5) 183 (11.6)
aProbability value shows the difference in features between the three groups of patients (focal epilepsy, developmental and/or epileptic encephalopathy, 
idiopathic generalized epilepsy).
bThe total includes 32 patients with “other type” of epilepsy.
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tested (p > .05) using Schoenfeld residuals. We performed 
different types of subgroup analyses. In the first one, we 
evaluated the hospital admission rate in the different di-
agnostic categories: PFE, PIGE, and PDEE. In the second 
one, we divided each category of diagnosis into polyther-
apy (persons who were regularly prescribed ≥2 ASMs) 
and nonpolytherapy (<2 ASMs): PWE-P and PWE-NP; 
PFE-P and PFE-NP; PDEE-P and PDEE-NP; PIGE-P and 
PIGE-NP. Finally, separate stratified analyses were per-
formed for the first and second epidemic peak for each di-
agnostic group: March–May 2020 and October 2020–May 
2021.

For the second outcome, the overall 30-day mortality 
risk in the group of hospitalized people, the time to entry 
was the date of hospital admission. The results were pre-
sented as absolute (n) and relative (%) frequency and the 
differences between groups as evaluated by chi-squared 
test.

Data linkage and statistical analyses were conducted 
using Stata SE version 14.2.

3   |   RESULTS

The study population inclusion flowchart is shown in 
Figure S1. The EpiLink cohort included 1575 PWE (mean 
age = 50 ± 18 years, 52% females), the majority of whom 
were PFE (72%), followed by PIGE (17%), PDEE (9%), and 
PUE (2%). More than one third of the patients were pre-
scribed ≥2 ASMs (PWE-P), with higher percentages among 
PDEE (Table 1). The control cohort included 15 326 sub-
jects with the same demographic features (Table S1).

The course of hospital admissions for COVID-19 in the 
EpiLink cohort and controls is shown in Figure 1. Hospital 
admissions for COVID-19 in the whole study period were 
49 (3.1%) in PWE and 225 (1.5%) in controls (adjusted HR 
[aHR] = 1.9, 95% CI = 1.4–2.7). The subgroups at higher 
risk were PFE (aHR = 1.9, 95% CI = 1.3–2.8), and PDEE 
(aHR = 3.9, 95% CI = 1.7–8.7), whereas PIGE had a risk 
comparable to the controls (Table  2). ASM polytherapy 
contributed to a higher risk of COVID-19-related hospi-
talization, which was driven by PFE-P (Table 2, Figure 2).

F I G U R E  1   Course of hospital admissions for COVID-19 in the EpiLink cohort and controls.
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The risk of hospitalization for COVID-19 in PWE com-
pared to controls was significantly higher in the first epi-
demic wave (aHR = 3.9, 95% CI = 2.2–6.7), where it was 
driven by PFE and PDEE (both P and NP), whereas during 
the second wave the risk was higher only in PWE-P com-
pared to controls (aHR = 1.9, 95% CI = 1.1–3.5) and was 
driven by PFE-P (aHR = 2.3, 95% CI = 1.9–3.5; Table 3, 
Figure 3).

Detailed clinical documentation regarding hospitaliza-
tion was available for 36 of 49 PWE (25 PFE, eight PDEE, 
three PIGE). Among these, in 15 PWE (42%) epilepsy-
related factors played a determinant role in the decision 

to admit the patient or were the reason for presentation to 
the emergency department: four due to seizures; three due 
to ASM management/adverse events; and eight due to the 
complexity of the underlying disease, including epilepsy 
(four of whom were infected in a long-stay residential care 
home, 3 PDEE, 1 PFE).

The 30-day risk of death after hospitalization was 14% in 
both PWE and controls (p =  .93), with no statistically sig-
nificant difference based on epilepsy type, although a trend 
toward a higher risk was found in DEE compared with 
matched controls (25% vs. 14%, p = .49). Mortality was not 
influenced by either ASM polytherapy or epidemic wave.

T A B L E  2   Risk of hospital admission for COVID-19 from March 1, 2020 to October 31, 2021 in the three diagnostic groups and in the 
total cohort (PFE, PDEE, PIGE, and total PWE): Multivariate Cox regression models (controls as the reference group)

Comparison

Patients with:

Total persons with 
epilepsy, aHR (95% CI)

Focal epilepsy, 
aHR (95% CI)

Epileptic 
encephalopathy, 
aHR (95% CI)

Idiopathic generalized 
epilepsy, aHR (95% CI)

Epilepsy vs. controls 1.9 (1.3–2.8) 3.9 (1.7–8.7) 1.0 (.3–3.3) 1.9 (1.4–2.7)

Polytherapy vs. controls 2.8 (1.7–4.6) 2.8 (.9–8.3) 1.1 (.3–4.6) 2.7 (1.7–4.1)

Nonpolytherapy vs. controls 1.5 (.9–2.4) 6.2 (2.0–19.9) .9 (.1–6.7) 1.5 (.99–2.4)

Age in years 1.04 (1.03–1.05) 1.07 (1.04–1.10) 1.04 (1.01–1.06) 1.04 (1.03–1.05)

Sex

Male Ref. Ref. Ref. Ref.

Female .5 (.4–.7) .7 (.3–1.6) 1.1 (.5–2.3) .6 (.5–.8)

District

Bologna Ref. Ref. Ref. Ref.

Reno 1.0 (.7–1.6) .8 (.2–2.8) .6 (.1–2.7) .9 (.6–1.4)

Pianura Est 1.0 (.7–1.4) .8 (.2–3.1) .8 (.2–2.7) .8 (.6–1.2)

Pianura Ovest 1.0 (.6–1.6) 3.3 (.7–15.6) 1.9 (.6–5.8) 1.1 (.7–1.6)

Appennino .7 (.3–1.6) .8 (.2–3.1) 1.1 (.2–4.9) .6 (.3–1.2)

San Lazzaro 1.2 (.8–1.9) 1.4 (.3–6.5) 1.2 (.3–4.3) 1.1 (.8–1.7)

Multisource comorbidity score

0–4 Ref. Ref. Ref. Ref.

5–9 1.9 (1.4–2.6) 1.5 (.6–3.8) .9 (.1–7.7) 1.9 (1.4–2.6)

10–14 2.0 (1.3–3.1) 2.8 (.8–9.5) 3.5 (1.3–9.0) 2.0 (1.3–3.1)

≥15 3.9 (2.4–6.2) 1.5 (.3–6.9) 4.2 (.9–18.6) 3.9 (2.4–6.2)

Number of hospital admissions 
in 2018 and 2019

0 Ref. Ref. Ref. Ref.

1 .9 (.6–1.3) 2.1 (.8–5.3) 1.1 (.4–3.2) .9 (.6–1.3)

2 1.5 (.9–2.3) 2.2 (.8–5.5) 1.1 (.2–4.9) 1.5 (.9–2.3)

3 2.4 (1.6–3.5) 3.4 (.99–11.5) 2.2 (.6–7.4) 2.4 (1.6–3.5)

Note: In a subgroup analysis, we evaluated patients with and without polytherapy in two different groups (controls as the reference group).
Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; PDEE, patients with developmental and/or epileptic encephalopathy; PFE, patients with 
focal epilepsy; PIGE, patients with idiopathic generalized epilepsy; PWE, persons with epilepsy; Ref., reference.
Values are written in bold when the 95% confidence interval does not cross the line of no difference  (=1).
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4   |   DISCUSSION

During the first 20 months since the COVID-19 outbreak 
in the local health trust of Bologna, PWE had an approxi-
mately twofold risk of hospitalization for COVID-19 com-
pared with a matched general population cohort, which 
was driven by PFE, the largest group, and PDEE, the 
group at higher risk. Conversely, the risk of death after 
hospitalization was the same in PWE and controls, sug-
gesting that epilepsy did not influence the COVID-19 fa-
tality rate in our cohort.

Compared to previous reports studying the impact of 
COVID-19 on PWE, our study had several strongpoints. 
First, PWE were selected among patients referred to a 
high-volume tertiary epilepsy center, thus allowing a reli-
able epilepsy diagnosis based on international criteria and 
an accurate classification into epilepsy types. The EpiLink 
cohort was representative of the entire spectrum of epilep-
sies, with percentages of PFE, PIGE, and PDEE compara-
ble to those reported in the literature.11 We were also able 

to further subclassify PWE based on the prescription of 
ASM: approximately one third was on ASM polytherapy, 
a fraction consistent with that of drug-resistant epilepsy 
(DRE) among adult PWE.12 Additionally, the reason for 
hospital admission was assessed on an individual basis for 
PWE. All this information was not provided in any previ-
ous study with the same aim,4,13–15 yet it is paramount to 
correctly interpret the two main outcomes: risk of hospi-
talization and death for COVID-19 in PWE.

The control group was matched using the MCS, a novel 
comorbidity score showing a better performance than 
both the Charlson and Elixhauser scores.10 PWE and con-
trols were all living in the LHTB and were matched for 
the district of residence, thus allowing homogenization 
of the influence that geographical context and capacity of 
the health care system may have on COVID-19 incidence 
and mortality in the two groups.16

A higher hospitalization risk for COVID-19 in 
PWE was previously described;13,14 specifically, a large 
British population study reported an approximate aHR 

F I G U R E  2   Course of hospital admissions for COVID-19 in the EpiLink cohort stratified by antiseizure polytherapy and controls.
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in PWE of 1.75 (95% CI = 1.52–2.02), similar to ours.14 
The reasons underlying this finding, however, have not 
been specifically evaluated. In the EpiLink cohort, we 
verified that almost half of the PWE with COVID-19-
related hospitalization were admitted, in addition to 
SARS-CoV-2 infection, for epilepsy-related reasons, 
including seizure clusters, ASM adverse events, or the 
complexity of the underlying epilepsy syndrome and/
or of ASM polytherapy. In the multivariate analysis, the 
HR was adjusted, in addition to the matching variables, 
by hospitalizations for any cause that occurred in 2018 
and 2019, thus making COVID-19 itself arguably re-
sponsible for the increased hospitalization risk in PWE 
compared with matched controls. Several epilepsy-
related factors might be influenced by COVID-19. First, 
although the risk of seizure worsening for most PWE 
who develop COVID-19 is low,17,18 acute symptomatic 
seizures may occur during COVID-19, as in other febrile 
infections.19,20 Some studies have reported risk factors 
for seizure exacerbation during the pandemic, regard-
less of SARS-CoV-2 infection, including epilepsy sever-
ity and ASM polytherapy, sleep disorders, social factors, 
and mental stress in general.21–24 Notably, in a survey-
based study performed at our epilepsy center between 
May and July 2020, a clinical worsening was reported 
in 27 of 222 PWE (12%) and was associated with limited 
access to health care, among other factors.23 Epilepsy 
care was negatively impacted during the pandemic for 
several reasons, including restricted access to out- and 
inpatient clinics and routine electroencephalograms, 

in addition to difficulties related to ASM prescription 
and testing of blood levels.17,25 Moreover, emergency 
department operators might have had an increased pro-
pensity to hospitalize PWE with COVID-19, due to their 
vulnerability.

A further strongpoint of our study was to assess 
the risk of hospitalization for COVID-19 during a 
20-month-long period, thus including two relatively 
well-defined epidemic waves (March–May 2020 and 
October 2020–May 2021). We found that the hospitaliza-
tion risk in PWE compared with controls was remark-
ably high only during the first wave, whereas during 
the second wave this was slightly increased only for 
PFE-P and not for PWE in general. An explanation for 
this difference may be that, during the first wave, the 
abovementioned psychological, social, and health care-
related issues were more prominent, thus facilitating 
seizures and epilepsy-related admissions. Accordingly, 
in a recently published Korean study, PWE underwent 
a transient seizure exacerbation in 2020, which was fol-
lowed by a trend toward seizure amelioration in 2021.24 
Additionally, the propensity of emergency department 
operators to hospitalize PWE with COVID-19 might 
have been more pronounced during the first epidemic 
wave, when the clinical features of COVID-19 and its 
impact on epilepsy were largely unknown.17 Finally, 
PWE and other vulnerable populations were prioritized 
to receive SARS-CoV-2 vaccination starting in January 
2021, and this may have contributed to lowering the 
hospitalization risk during the second wave.

T A B L E  3   Risk of hospital admission for COVID-19 in the two different epidemic periods (the first from March 1, 2020 to May 31, 2020, 
and the second from October 1, 2020 to May 31, 2021) in the three diagnostic groups and in the total cohort (PFE, PDEE, PIGE, and total 
PWE): Multivariate Cox regression models with control group as reference

Comparison

Patients with:

Total persons 
with epilepsy, 
aHRa (95% CI)

Focal epilepsy, aHRa 
(95% CI)

Epileptic 
encephalopathy, 
aHRa (95% CI)

Idiopathic generalized 
epilepsy, aHRa (95% CI)

March 1, 2020 to May 31, 2020

Epilepsy vs. controls 3.3 (1.7–6.4) 10.9 (2.8–43.0) Without cases 3.9 (2.2–6.7)

Polytherapy vs. controls 4.5 (1.9–10.3) 11.5 (2.5–53.3) - 5.5 (2.8–10.9)

Nonpolytherapy vs. controls 2.7 (1.2–6.1) 10.3 (1.6–64.0) - 2.9 (1.4–5.9)

October 1, 2020 to May 31, 2021

Epilepsy vs. controls 1.5 (.93–2.5) 1.7 (.5–6.1) 1.5 (.4–5.1) 1.5 (.96–2.3)

Polytherapy vs. controls 2.3 (1.2–4.3) .8 (.1–6.2) 1.3 (.2–10.1) 1.9 (1.1–3.5)

Nonpolytherapy vs. controls 1.1 (.6–2.2) 4.2 (.9–20.5) 1.6 (.4–7.1) 1.2 (.7–2.1)

Note: In a subgroup analysis, we evaluated patients with and without polytherapy in two different groups.Abbreviations: aHR, adjusted hazard ratio; CI, 
confidence interval; PDEE, patients with developmental and/or epileptic encephalopathy; PFE, patients with focal epilepsy; PIGE, patients with idiopathic 
generalized epilepsy; PWE, persons with epilepsy.
Values are written in bold when the 95% confidence interval does not cross the line of no difference  (=1).
aAdjusted for age, sex, district of residence, multisource comorbidity score, and number of hospital admissions in 2018 and 2019.
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PDEE were the population at highest risk of hospitaliza-
tion, likely because among PWE they represent the most vul-
nerable patients, are more frequently institutionalized, and 
might not be compliant with the use of personal protective 
equipment, resulting in a higher risk of infection.26–28 On the 
other hand, PIGE had the same risk as controls, possibly due 
to the lower disease burden of this subgroup compared with 
the other included epilepsy types.29 Similarly, the higher risk 
of hospitalization for COVID-19 that we detected in PWE-P 
is likely attributable to the corresponding increased epilepsy 
severity, namely DRE, and to ASM-related adverse events, 
as there is no evidence that taking ASM increases per se the 
risk of infection or complications.

In our study, both PWE and controls hospitalized for 
COVID-19 had a 14% 30-day risk of death, in line with 
the fatality rate reported in the literature for hospitalized 
COVID-19 patients during the same period.30 Contrasting 
with our findings, some previous studies reported a higher 
risk of death from COVID-19 in PWE,4,13,14 and epilepsy 
has been included by the US Centers for Disease Control 

and Prevention on a list of conditions that may increase 
the risk of serious COVID-19 infection, likely because it is 
a chronic neurological condition.

It is possible that the relatively small number of events 
(i.e., deaths) in the included PWE precluded this obser-
vation. However, it is also possible that the mortality risk 
potentially attributable to certain epilepsy syndromes has 
been mitigated by the accurate matching of PWE with con-
trols having the same burden of comorbidities, assessed 
with the MCS. Accordingly, a recent study in which PWE 
were matched with propensity score matching did not find 
an increased susceptibility to COVID-19-related mortality 
among PWE compared with controls.15 Further large-scale 
population studies are needed to address this question.

4.1  |  Limitations

Only adult patients were included in our study; COVID-19 
outcomes in pediatric PWE might differ and should be 

F I G U R E  3   Course of hospital admissions for COVID-19 in the EpiLink cohort (persons with focal epilepsy and persons with epileptic 
encephalopathy) and controls stratified into the two epidemic waves (March–May 2020, October 2020–May 2021).
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investigated with studies specifically addressing this 
population.

Moreover, data on some potential confounders were 
not available, including socioeconomic status and res-
idence in long-stay care homes. Finally, the MCS was a 
proxy of the actual comorbidity status and did not include 
all pathologies and disease-related conditions, including 
further possible confounders such as intellectual disability.

5   |   CONCLUSIONS

During the first 20 months since the outbreak of COVID-19 
in Bologna, Italy, adult PWE had a doubled risk of 
COVID-19 hospital admission compared to a matched 
control population, mostly attributable to epilepsy-related 
factors during the first epidemic wave. Conversely, epi-
lepsy did not represent a risk factor for COVID-19-related 
death.
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