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1 |  INTRODUCTION

Coronavirus disease 2019 (COVID- 19) is an emergency 
respiratory infection that rapidly spreads from person 
to person and becomes pandemic in a short time.1 The 
continuously increasing number of COVID- 19 cases im-
pacts the system of public health, economy, or education 

worldwide. Various public health measures have been im-
plemented to limit the spread of disease (e.g., lockdown, 
social distancing, or wearing a face mask).2– 4

Thailand first reported the COVID- 19 cases in January 
2020. Since the first COVID- 19 cases were found, the newly 
cases gradually increased until early March, the number 
of cases rapidly rose because of the local transmission 
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Abstract
Objective: To investigate the effect of Coronavirus disease 2019 (COVID- 19) 
measures on the hospitalization of patients with epilepsy and status epilepticus 
(SE).
Methods: This interrupted time series design included data from the Thai 
Universal Coverage Scheme electronic database between January 2017 and 
September 2020. The monthly hospitalization rate of epilepsy and SE was cal-
culated by the number of hospitalizations divided by the midyear population. 
Segmented regression fitted by ordinary least squares (OLS) was used to detect 
the immediate and overtime effects of COVID- 19 measures on the hospitaliza-
tion rate.
Results: During January 2017 and September 2020, the numbers of epilepsy and 
SE patients admitted to the hospital were 129 402 and 15 547 episodes, respec-
tively. The monthly trend of the hospitalization rate in epilepsy decreased imme-
diately after the COVID- 19 measure (0.739 per 100 000 population [95% CI: 0.219 
to 1.260]). In particular, the number of children declined to 1.178 per 100 000 
population, and the number of elderly individuals dropped to 0.467 per 100 000 
population, while there was a nonstatistically significant change in SE.
Significance: COVID- 19 measures reduced the hospital rate in epilepsy, par-
ticularly in children and adults. However, there was no change in SE patients.
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cluster in Bangkok that mostly tract to boxing stadium 
and nightclubs. Thus, the public places were closed (e.g., 
mall, market, and school), and the partial lockdown was 
implemented in and outside Bangkok. However, the cases 
spread widely throughout the country within March due 
to the workers in Bangkok returned to their hometowns. 
Then, a curfew, restriction of movement, and active case 
finding were implemented in April across the country.5,6

The measures not only slowed down COVID- 19 cas-
es7– 9 but also affected the number of other public health 
issues, such as drug overdose,10– 12 accidents,13,14 respira-
tory diseases,15– 17 respiratory tract infection,18,19 and men-
tal health.20,21 Moreover, as a consequence of the growing 
number of COVID- 19 cases and established measures, 
health care resources have been conserved for COVID- 19 
patients. Thus, hospitals have restricted or delayed treat-
ment for nonessential cases, causing the hospitalization of 
inpatients with noncommunicable diseases to decrease.22– 24

Epilepsy and status epilepticus (SE) are neurological 
disorders that affect disability and mortality. The discon-
tinuation of antiseizures medications in epilepsy patients 
is a common etiology of SE; continuous therapy is required 
to reduce the frequency and severity of the seizure.25 Given 
the consequences of the COVID- 19 outbreak and imple-
mented measures, patients ranging from 4% to 35% had 
worse seizure control because of sleep problems, depres-
sion, and anxiety factors. In addition, 14.5% to 61.0% of 
those were postponed neurological tests.26 Previous stud-
ies have shown that COVID- 19 decreased the number of 
seizure- related admissions in children,27 while there was 
no change in adult SE patients.28 However, previous reports 
have studied children and adults. Therefore, this study 
aimed to investigate the effect of COVID- 19 measures on 
the hospitalization of all patients with epilepsy and SE.

2 |  MATERIALS AND METHODS

2.1 | Design and setting

This study was an interrupted time series (ITS) design 
and conducted the data on the Thai Universal Coverage 
Scheme electronic database, which is an insurance of Thai 
citizens and covers over 75% of the Thai population.

2.2 | Participants

Patients who were admitted to the hospital and had a 
primary diagnosis of epilepsy and SE from January 2017 
to September 2020 were included. The database search 
was performed by using guidelines described in the 
International Statistical Classification of Diseases and 

Related Health Problems –  10th Revision (ICD- 10) with 
codes G40 (epilepsy) and G41 (SE). Epilepsy and SE diag-
nosis were followed by the guideline of the International 
League Against Epilepsy.29,30 There were no restrictions 
on age, sex, or epilepsy and SE type. Patients with missing 
date of admission were also excluded.

2.3 | The COVID- 19 transmission and 
public health measures in Thailand

The COVID- 19 outbreak in Thailand began in January 
2020 and the number of newly cases peaked in March 
which were mainly cause form local transmission clus-
ter in Bangkok. Thus, the state of emergency announced 
on 26 March to impose the partial lockdown which was a 
nighttime curfew and a ban on gatherings of more than 
five people in and around Bangkok. As a result of state of 
emergency announcement, the public venues were closed 
and working from home was encouraged. However, the 
cases continuously rose and widely spread throughout 
the country because the workers migrated to countryside. 
Then, a nationwide curfew was implemented on April 3, 
2020. In addition, restriction of movement, and active case 
finding were established in several provinces.5

2.4 | Outcome

The monthly hospitalization rate of epilepsy and SE was 
calculated by the number of hospitalizations divided by 
the midyear population.

2.5 | Sample size

We used the monthly hospitalization rate during January 
2017 to September 2020 to perform an ITS analysis for 

Key points

• The COVID- 19 measures impacted the hospi-
talization rate differently in each age group.

• The hospitalization of epilepsy decreased after 
COVID- 19 measure implementation in chil-
dren and elderly

• There was a nonstatistically significant change 
of hospitalization rate after COVID- 19 measure 
implementation in SE
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evaluating the impact of COVID- 19 measures. Thus, there 
were 36- time points before and nine points after estab-
lished measures which had an adequate sample size for 
ITS analysis.31

2.6 | Statistical analysis

Segmented regression fitted by ordinary least squares 
(OLS) was used to detect the immediate and overtime 
effect of COVID- 19 measures in April 2020 (curfew, 
movement restriction, and active case finding) on the hos-
pitalization rate. The equation of segmented regression 
model was represented as follows:

When Ytis the hospitalization rate at time t, time indi-
cate time in month from the start (January 2017) to end 
(September 2020) of the observation, intervention is the in-
dicator for time t occurring before (intervention = 0) or after 
(intervention  =  1) the implementation of the COVID- 19 
measures, �0estimate the baseline level of hospitalization 
rate at t0, �1represent hospitalization trend before introduc-
ing the COVID- 19 measures, �2is the level change of hospi-
talization rate immediately after measures implementation, 
�3show the trend change between before and after estab-
lishing the COVID- 19 measures, and �1 + �3estimate the 
trend of post- intervention. Autocorrelation was examined 
by the Cumby– Huizinga test, and the Newey– West standard 
error was used to account for autocorrelation. The seasonal 
effect was controlled by including it as a covariate in the 
model.32,33 All statistical analyses were performed by STATA 
15.0. The study protocol was approved by the ethics commit-
tee in human research, Khon Kaen University, Khon Kaen, 
Thailand (HE641589).

3 |  RESULTS

During January 2017 and September 2020, the numbers 
of epilepsy and SE patients admitted to the hospital were 
129 402 and 15 547 episodes, respectively. Most of the pa-
tients were men, and the median age was 36 (interquartile 
range [IQR] = 35) for epilepsy and 42 (IQR = 45) for SE 
patients (Table 1). The hospitalization rate of epilepsy be-
fore the COVID- 19 spread peaked in the early year and 
fluctuated over the year, the rate in 2020 presented dra-
matically dropped from January to April. While SE was 
high at early of the year and gradually decreased until it 
returned to high again in the midyear (Figure 1). Thus, the 
effect of seasonality was controlled to consider the effect 

of COVID- 19 measures on the hospitalization of epilepsy 
and SE.

3.1 | Hospitalization rate for epilepsy

The trend of hospitalization rate for overall epilepsy be-
fore the implementation of the measures increased 0.010 
per 100 000 population in each month and it dropped to 
0.739 per 100 000 population immediately after the first 
month of the COVID- 19 measure was implemented. In 
particular, the hospitalization rate in elderly individuals 
declined to 0.467 per 100 000 population, and that in chil-
dren declined to 1.178 per 100 000 population. However, 
the monthly trend after measures increased in children 
(Table 2).

3.2 | Hospitalization rate for SE

The immediate and overtime effects of measures on the 
hospitalization rate of SE were not statistically significant 
for all age groups (Table 2).

Yt = �0 + �1 × timet + �2 × interventiont + �3 × time after interventiont + et

T A B L E  1  Characteristics of admitted epilepsy and SE patients

Characteristics

Epilepsy 
(n = 129 402) SE (n = 15 547)

n (%) n (%)

Sex

Male 83 831 (64.8) 9815 (63.1)

Female 45 571 (35.2) 5732 (36.9)

Age (years)

<10 20 453 (15.8) 3249 (20.9)

10– 19 15 822 (12.2) 1159 (7.4)

20– 29 17 379 (13.4) 1355 (8.7)

30– 39 18 423 (14.2) 1598 (10.3)

40– 49 20 476 (15.8) 2048 (13.2)

50– 59 16 398 (12.7) 2092 (13.5)

≥60 20 451 (15.8) 4046 (26.0)

Mean (SD) 35.60 (22.2) 39.3 (26.0)

Median (IQR) 36 (35) 42 (45)

Seasona

Summer 42 700 (33.0) 5133 (33.0)

Rainy 47 103 (36.4) 5685 (36.6)

Winter 39 599 (30.6) 4729 (30.4)

Abbreviations: IQR, interquartile range; SD, standard deviation; SE, status 
epilepticus.
aSeason including summer (February to May), rainy (June to September), 
and winter (October to January).
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4 |  DISCUSSION

The first COVID- 19 case in Thailand was reported in 
January 2020, and the number of cases rose continually. 
Thus, the curfew, movement restriction, and active case 
finding measures were established in April 2020 to con-
trol the spread of COVID- 19. These measures affected 
the reduction in hospitalization of epilepsy in pedi-
atric (0.129 per 100 000 population), which was simi-
lar to previous studies that reported a 59% decrease.27 
Moreover, our findings found that the hospitalization 
in the elderly also declined after the first month of 
measures (0.467 per 100 000 population). Due to con-
cern about COVID- 19 infection, medical appointments 
were canceled or postponed,34 and the results found 
that increasing age was an important factor associated 
with experiencing a delay.35 In particular, worry in car-
egivers or parents was a reason for delayed hospitali-
zation in children.36 Furthermore, the measures (e.g., 
lockdown and social isolation) were another cause for 
canceling appointments scheduled at medical care.37,38 
Although the hospitalization rate of epilepsy in pedi-
atric and elderly after the first month of implemented 
measures decreased, the overall trend after measures 
increased in pediatric patients because of therapy dis-
continuation in the early COVID- 19 period and meas-
ure implementation.

In contrast to epilepsy, our SE results showed there 
was no change in the immediate and overtime effects of 
COVID- 19 measures on the hospitalization rate, which 
was consistent with the latest study.28 Because seizures 
are more severe in SE patients, patients require rapid 
treatment. Thus, the hospitalization rate of SE was not 
different between before and after establishing COVID- 19 
measures.

In addition, our study showed that the seasonal pattern 
increased the hospitalization of epilepsy (rainy: 0.379 per 
100 000 population [95% CI: 0.200 to 0.558] and winter: 
0.491 per 100 000 population [95% CI: 0.308 to 0.674]) and 
SE (rainy: 0.060 per 100 000 population [95% CI: 0.034 to 
0.085] and winter: 0.061 per 100 000 population [95% CI: 
0.035 to 0.087]), which was in accordance with previous 
research reporting that seasonality affected the number of 
epileptic seizures.39– 41 Preferably in a country with a gener-
ally hot temperature, the turning from hot to cold weather 
is one of the triggers to increase the risk of seizures.

To our knowledge, this study reported the effect of 
COVID- 19 measures on the hospitalization rate of ep-
ilepsy and SE and conducted data with a large sample 
size based on multicentre data collection. Additionally, 
we performed subgroup analysis by age, which was clas-
sified into children, adults, and elderly. These results 
provided information to plan for preventing the hospi-
talization of a specific age group, for instance, the phy-
sicians need to provide the information on continued 
medication intake to caregivers of pediatric and elderly 
patients in the outbreak situation because discontinua-
tion of antiseizures medications leads to worse seizure 
control and eventually hospital admission. However, 
this study examined the effect of COVID- 19 measures 
only in the first wave in Thailand because the time du-
ration and measures in the first wave could obviously 
identify. Furthermore, living in different COVID- 19 zon-
ing areas, especially the red zone that is the area with 
the continued surge in cases and the maximum control, 
can impact decisions to go to the hospital. Moreover, 
the database did not contain information about anti-
seizure medications which are the important factor 
associated with hospital admission in epilepsy and SE. 
Thus, further studies are needed to evaluate the effect 

F I G U R E  1  The hospitalization rate of epilepsy (A) and SE (B) patients during 2017 and 2020. SE, status epilepticus
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of COVID- 19 measures on the hospitalization rate of 
epilepsy and SE in various COVID- 19 zoning areas and 
performing subgroup analysis in with and without con-
tinuous antiseizure medications.

In conclusion, the COVID- 19 measures impacted the 
reduced hospitalization rate in epilepsy, especially chil-
dren and adults, but there was a nonsignificant decrease 
in SE patients.
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