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Abstract

Background: Epilepsy accounts for a significant portion of the global disease burden. However, little is known about the diseas
burden of epilepsy in China and its provinces.

Methods: We assessed the burden of epilepsy in China and its provinces, municipalities, and autonomous regions from 1990 to
2019. Burden was measured as incidence, prevalence, deaths, years lived with disability, years of life lost, and disability-adjusted
life years (DALYs), by age, sex, year, and province. We used the Socio-Demographic Index (SDI) to determine the association
between the provincial development level and age-standardized DALY rates of epilepsy from 1990 to 2019.

Results: In 2019, epilepsy caused 1367.51 thousand (95% uncertainty interval [UI]: 979.92-1837.61 thousand) DALYs, and the
age-standardized DALY rate was 99.77 (95% UI: 71.33-133.52)/100,000. The age-standardized incidence and prevalence rates
for epilepsy in China were 24.65/100,000 and 219.69/100,000, increased by 45.00% (95 % UI: 8.03-98.74%) and 35.72% (95 %
UL: 0.47-86.19%) compared with thatin 1990, respectively. From 1990 to 2019, the proportion of DALY caused by epilepsy in the
age group under 25 years steadily decreased. The proportion of DALYs caused by epilepsy in people aged 50 years and over
increased from 9.45% and 10.22% in 1990 to 29.01% and 32.72% for male and female individuals in 2019, respectively. The
highest age-standardized mortality rates were seen in Tibet (4.26 [95% UI: 1.43-5.66]/100,000), Qinghai (1.80 [95% UI: 1.15-
2.36]/100,000), and Yunnan (1.30 [95% UI: 0.88-1.62]/100,000), and the lowest mortality rates were in Guangdong (0.48 [95%
UL: 0.39-0.641/100,000), Zhejiang (0.56 [95% UI: 0.44-0.70]/100,000), and Shanghai (0.57 [95% UI: 0.41-0.73}/100,000). The
age-standardized DALY rates across the country and in provinces, municipalities, and autonomous regions generally decreased as
their SDI increased.

Conclusions: The disease burden of epilepsy is still heavy in China, especially in the western provinces. The incidence and
prevalence of epilepsy increased between 1990 and 2019, and the burden of epilepsy in the elderly increases gradually. This study
provides evidence on epilepsy prevention and care of different regions in China.

Keywords: Aged; Epilepsy; Global Burden of disease; Quality-adjusted life years; Disability-adjusted life years; Incidence;

Prevalence; China

Introduction

Epilepsy is one of the most common neurological
dlsorders in the world, and it affects about 70 million
people Mt is characterized by abnormal firing of neurons
in the brain, leading to recurrent seizures and neurobio-
logical, cognitive, and psychosocial consequences.!>?!
Epilepsy not only has a serious impact on the physical
and mental health of patients but also brlngs heavy burden
to families, communities, and society.[*> It was estimated
that around 90% of the global burden of epilepsy is
carried by developing countries.'®’ Although China’s
standardized incidence rate and prevalence are lower
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than the global average level,l”! China has more than 12%
of epllegsy patients in the world due to its large population
base.”®! The Global Burden of Disease (GBD) Study
estimated that dlsablhty ad]usted life years (DALYs)
caused by epilepsy in China in 2019 accounted for
10% of the global DALYs and 94% of that in east Asia.l”

A detailed understanding of the epidemiological charac-
teristics of epilepsy will help to comprehensively under-
stand the current situation and development trend of
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epilepsy in China and its different provinces and provide
data support for the government to deal with the public
health problems caused by epilepsy and reduce the
differences in epilepsy burden in different regions. DALY's
can better reflect the loss of life caused by diseases, and it is
a comprehensive measure of the burden of the disease.*!
However, to our knowledge, there are few studies on the
burden of epilepsy in China at Fresent and most of them
focused on the prevalence rate.[®'!! Although a study has
used GBD 2016 data to analyze the trend of global
epilepsy burden from 1990 to 2016 (including China), it
only mentioned the epilepsy burden at the national level in
China, and it is still unclear to what extent the t%)llepsy
burden varied across different provinces in China.!”! There
is also a lack of research on the current situation and
temporal trend of epilepsy incidence rate and DALYs in
China and its provinces among people at different ages.

The purpose of this study is to comprehensively analyze
the time trend of the disease burden of epilepsy by sex and
age groups in China and its provinces, municipalities, and
autonomous regions from 1990 to 2019 so as to provide
epidemiological evidence for the development of national
and local policies to prevent and treat epilepsy.

Methods

Data source

The data of this study are from the epilepsy data of China
and its provinces, mun1c1pa11tles and autonomous regions
from 1990 to 2019 in the GBD 2019 database.l' The
GBD 2019 adopts a unified and comparable method to
comprehensively estimate the disease burden of various
diseases, injuries, and risk factors by multiple indicators in
204 countries and regions around the world. Provincial-
level mortality data were extracted mainly from the
Disease Surveillance Point system, Maternal and Child
Surveillance System, China Cancer Registry, and Chinese
Center for Disease Control and Prevention cause-of-death
reporting system.!'*'* Data on non-fatal outcomes of
epilepsy were derived primarily from national surveys,
hospital inpatient data, and published studies.!"*! The
detailed methods have been reported in the previous
literature.'! Socio-Demographic Index (SDI) data were
obtained from the GBD 20109.

Definitions

According to the criteria of the International League
Against Epilepsy (ILAE) Guidelines and International
Bureau for Epilepsy (IBE), epilepsy is defined as a disorder
of the brain characterized by an enduring predisposition to
generate epileptic seizures.!>'®! The 9th and 10th
International Classification of Diseases (ICD-9 and
ICD-10) were used to define epilepsy: 345-345.91
(ICD-9), G40-G41.9, and Z82.0 (ICD-10).

Measurements

Six standard epidemiological measures including death,
prevalence, incidence, DALYs, years of life lost (YLLs),
and years lived with disability (YLDs) were used to
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estimate the trends of disease burden of epilepsy in China
from 1990 to 2019. Epilepsy mortality was generated by
Cause of Death Ensemble modeling methods, and the
GBD 2019 adopts DisMod-MR2.1 to estimate the disease
burden of non-fatal diseases.!'”! The detailed approach to
estimating the disease burden of epilepsy in the GBD has
been described previously.”"'°! Epilepsy in China is
analyzed by the following age groups: under 5 years,
5 to 9 years, 10 to 24 years, 25 to 49 years, 50 to 74 years,
75 to 84 years, and >85 years.

Statistical analysis

We analyzed the number of incidences, prevalence, deaths,
YLDs, YLLs, and DALYs due to epllepsy in 31 mainland
provinces, mun1c1pal1tles and autonomous regions in
China, during 1990 to 2019. YLDs were estimated by
multiplying these health states by corresponding disability
weights, while YLLs were calculated by multiplying the
estimated number of deaths by age with a standard life
expectancy at corresponding age. DALY's were computed
by summing YLDs and YLLs. In order to reduce the
impact of population composition in different years and
regions, this study also showed the age-standardized rates
of epilepsy and the changes from 1990 to 2019 by sex and
province. Age-standardized rates were analyzed using a
global age structure as reference.”! The 95% uncertainty
interval (UI) was a standard indicator used in the GBD
calculated by taking 1000 draws from the posterior
distribution in the modeling process to address the
possible heterogenelty from both sampling error and
non-sampling variance.l'”l We reported point estimates
and corresponding 95% UI for all measures. The
percentage change of rates is calculated by the difference
between the rates in 2019 and 1990 divided by the rate in
1990, representing the direction and magnitude of change
in the past 30 years. If the 95% UI of the percentage
change of rates does not include 0, then the change from
1990 to 2019 is considered statistically significant. The
SDI ranges from 0 (worst) to 100 (best) and incorporates
the total fertility rate in women younger than 25 years,
mean education for individuals aged 15 years and older,
and lag-distributed income per person. We used the SDI to
determine the association between the development level
and age-standardized DALY rates of epilepsy from 1990
to 2019 by locally weighed regression, which is a robust
non-parametric regression and can better solve the
smoothing problem for volatile data. A two-sided P value
was regarded statistically significant if it was <0.05. SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA) was used
for tabulation of comparison between 1990 and 2019 at
national and provincial levels. R version 4.2.1 (R
Foundation for Statistical Computing, Vienna, Austria)
was used to examine the proportion of DALYs due to
epilepsy by age group and assess the association between
SDI and the age-standardized DALY rate by locally
weighed regression.

Results

Table 1 shows the number of incidences, prevalences,
deaths, YLDs, YLLs, DALYs, and corresponding age-
standardized rates and change for epilepsy by sex in China
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during 1990 to 2019. There were 305.74 thousand
epilepsy incident cases (95% UIL: 208.84-409.61 thou-
sand), 3078.30 thousand epilepsy prevalent cases (95%
Ul: 2204.84-3997.32 thousand), and 11.73 thousand
deaths (95% UI: 9.98-14.01 thousand) in 2019 in China,
contributing to 1367.51 thousand DALYs (95% UL
979.92-1837.61 thousand). In 2019, the age-standard-
ized incidence and prevalence rates for epilepsy were
24.65/100,000 and 219.69/100,000, increased by
45.00% (95% UI: 8.03-98.74%) and 35.72% (95%
Ul: 0.47-86.19%) compared with those in 1990,
respectively. The percentage change of age-standardized
death and DALY rates for epilepsy were —53.34% (95%
Ul: —62.71 to —38.61%) and —34.98% (95% UI: —50.42
to —13.70%) from 1990 to 2019, respectively.

As shown in Figure 1, for both men and women, the
DALY rate of epilepsy in 2019 decreased for people aged
<75 years and increased for those aged >75 years
compared with that in 1990. The DALY rate of epilepsy

400,0001  Male (DALYs in 1990;0) 1400

B Female (DALY in 19

o Male (DAL YS in 2019 =)
© Female (DALY in 2019) ?

L e P 1930 {300
300’000 — Male (DALY rate in.2019{ 300 =
" ~ Female (DALY rate in 2019) )
> 1]
i 200,000 1200 &
A o
100,000} 1100 8
E

0

5 9 & 9 ] B )
R N m‘:‘ph 5@‘9'\'\5@% &%
Age (years)

Figure 1: Comparison of the distribution of DALYs caused by epilepsy in different age
groups and the curve of the DALY rate due to epilepsy corresponding to the age groups in
1990 and in 2019. DALY: Disability-adjusted life years.
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in children younger than 5 years was the highest in 1990
(male: 356.34 [95% UL 224.17-435.83]/100,000; female:
305.61 [95% UL 192.31-437.48]/100,000), while it was
the highest in the elderly aged 85 years and above in 2019
(male: 156.19 [95% UI: 100.88-231.73]/100,000; female:
114.61 [95% UL 69.87-176.98]/100,000). Whether in
1990 or 2019, the DALY rate of epilepsy in the 50 to 74
years age group was the lowest, the rate of epilepsy DALY
in the 10 to 24 years age group was the second highest in
all age groups, and the number of DALYs caused by
epilepsy was the lowest in the 85 years and above age

group.

Figure 2 presents the proportion of DALYs in different age
groups in China, by sex, 1990 to 2019. From 1990 to
2019, the proportion of DALY caused by epilepsy in the
age group under 25 years decreased gradually. On the
contrary, there was an annual increase in the proportion of
DALY caused by epilepsy in the age group of 25 years and
above, especially in people aged 50 years and above. The
proportion of DALY's caused by epilepsy in people aged 50
years and over increased from 9.45% and 10.22% in 1990
t029.01% and 32.72% for male and female individuals in
2019, respectively. In 2019, the proportion of DALYs
caused by epilepsy in the 25 to 49 years of age was the
highest (male 40.47%, female 37.43%) in all age groups.

The geographical heterogeneity in age-standardized
prevalence, mortality, and DALY rates of epilepsy and
percentage changes from 1990 were found at the
provincial levels in 2019 [Table 2]|. The highest age-
standardized prevalence rates were observed in Tibet
(438.85[95% UI: 115.95-740.52]/100,000) and Ningxia
(302.19 [95% UI: 93.41-497.08]/100,000) in 2019. The
highest age-standardized mortality rates were seen in
Tibet (4.26 [95% UL 1.43-5.66]/100,000), Qinghai
(1.80 [95% UI: 1.15-2.36]/100,000), and Yunnan (1.30
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Figure 2: Proportion of DALYs due to epilepsy by age group in China, by sex, 1990-2019. DALY: Disability-adjusted life years.
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Figure 3: Age-standardized DALY rates per 100,000 population for epilepsy in China and
its provinces by SDI, 1990-2019. Points from left to right represent the values from 1990
to 2019. The black line represents the predicted values based on a regression of all
province values for all years. DALY: Disability-adjusted life years; SDI: Socio-Demographic
Index.

[95% UL 0.88-1.62]/100,000), and the lowest mortality
rates were observed in Guangdong (0.48 [95% UI: 0.39-
0.641/100,000), Zhejiang (0.56 [95% UL 0.44-0.70]/
100,000), and Shanghai (0.57 [95% UL 0.41-0.73)/
100,000). The highest age-standardized DALY rate was
observed in Tibet (400.55 [95% UL 193.62-601.28]/
100,000), which showed a 4.92-fold difference compared
with the lowest age-standardized DALY rate in Zhejiang
(81.47 [95% UI: 39.97-142.551/100,000). Declines in the
age-standardized mortality and DALY rates for epilepsy
were observed in all provinces during the study period,
and the largest decrease was found in Jiangxi (mortality:
—70.49%, DALY: —53.31%). However, over the past 30
years, the age-standardized prevalence of epilepsy has
increased in all provinces of China, with the largest
increase in Qinghai (80.24%) and Guangxi (53.37%).

The relationship between SDI and the age-standardized
DALY rates of epilepsy is shown in Figure 3. Age-
standardized DALY rates of epilepsy by provinces over the
period 1990 to 2019 follow a downward trajectory
aligned with the predicted direction of decreasing burden
of epilepsy with socioeconomic development. The age-
standardized DALY rates across the country and 31
Chinese mainland provinces, municipalities, and autono-
mous regions generally decreased with their increased SDI.
In most provinces, a steady decrease was observed over
time, with values close to the expected line.

Discussion

We estimated the burden of epilepsy in the Chinese
population from 1990 to 2019 using data from the GBD
2019 and indicated that the age-standardized mortality
and DALY rates of epilepsy have decreased almost
universally, while the age-standardized incidence and
prevalence of epilepsy have risen significantly during
the study period. Whether in 1990 or 2019, the DALY rate
of epilepsy was the lowest in the 50 to 74 age group.
From 1990 to 2019, the proportion of DALY caused by
epilepsy in the age group under 25 decreased year by year.
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The burden of epilepsy and their percentage changes
exhibited significant geographical heterogeneity.

In this study, we found a downward trend for the age-
standardized mortality and DALY rates of epilepsy during
the past three decades, consistent with that reported in the
previous literature.l”'® This reduction was associated
with substantial economic development and improvement
of health services in China in the past decades.'”!
Although the age-standardized incidence rate of epilepsy
in China (24.65/100,000) was lower than the global
average (38.82/100,000) and that in some developed
countries, such as the United States (40.44/100,000) and
Japan (41.20/100,000)."") The age-standardized inci-
dence and prevalence rates of epilepsy showed an upward
trend during the study period in China. In 2002, the IBE,
the ILAE and the World Health Organization (WHO)
jointly launched the Global Campaign Against Epilepsy to
improve the global understanding, treatment, service, and
prevention of epilepsy./*°! China has also made epilepsy a
public health priority, strongly encouraging investment to
reduce its burden and advocating for action to address
gaps in epilepsy knowledge, care, and research.!??1-22!
The increase in the incidence rate and prevalence of
epilepsy may be related to the improvement of people’s
awareness of epilepsy and the increase in active medical
treatment.

It is well known that epilepsy affects people of all ages but
more often affects young people. Although the proportion
of DALYs caused by epilepsy in people over 50 years
increased year by year from 1990 to 2019 in our study, the
proportion of DALYs caused by epilepsy in people
younger than 50 years was still dominant both in male
and female individuals. Consistent with our results,
previous studies have shown that the incidence of epilepsy
is the highest in young children and elderly.[”-**! Epilepsy
has a variety of causes including genetic, metabolic,
infectious, structural, and immune factors, as well as
unknown_ factors.? Major preventable causes for
epilepsy include pre- or perinatal brain insults, central
nervous system infections, traumatic brain injury, and
stroke, which to;ether account for an estimated 25% of
epilepsy cases.[®*>2%) These causes have a high prevalence
in young children and the elderly,!®**2¢ which accounts
for a higher epilepsy incidence rate in these two
populations. Primary prevention for these causes has a
major impact on the development of epilepsy and requires
improvements in maternal health care and obstetric
services, infectious disease control, injury prevention,
and cardiovascular health.”®! We found that the DALY
rate caused by epilepsy in children younger than 5 years in
2019 was lower than that in 1990, while the DALY rate
caused by epilepsy in the elderly older than 75 years was
higher than that in 1990. The former may be related to the
more advanced medical and health conditions and
significantly improved maternal and child health care
system in China.l?”-*8! The latter may be related to the
accelerated progress of aging and the increase in life
expectancy in China.**

In addition, we also found that there were significant
geographical differences in the burden of epilepsy in
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China. The burden of epilepsy is heavier in the areas with
relatively backward economic development and poor
health conditions in the west, such as Tibet, Qinghai, and
Xinjiang, and the DALY caused by epilepsy is lower in the
faster growing provinces in the east, such as Zhejiang and
Guangdong. In the past decades, the China Association
Against Epilepsy (CAAE) has been a necessary force to
stimulate interest in epilepsy care and research by the
medical and scientific community in China.*" The CAAE
has established grading standards for a three-tier system of
epilepsy centers and completed an accreditation procedure
for 201 epilepsy centers.**>*! This nationwide network
promotes coordination, collaboration, and information
sharing among epllepsy centers.35] The substantial
increase in the number of epileptic centers in recent
decades has also played an important role in reducing the
death rate of epilepsy.l*?

More and more initiatives such as case studies, ward
rounds, lectures, training courses, “Going West” pro-
gram, and an annual epilepsy summer school have been
brought to many remote areas in the west of
Chma [19.22,36] Tt can also be seen from our results that
the age-standardized DALY rate of epilepsy in economi-
cally underdeveloped western provinces decreased signifi-
cantly during the study period. Because epilepsy burden
varied substantially in different provinces, improved
health care and intervention are particularly needed in
those provinces with high epilepsy burden. Our study
found that Tibet is the province with the highest
standardized prevalence rate and standardized DALY
rate. About 41% of people with epilepsy in China are
estimated not to be receiving treatment, or to recelve a
treatment either inadequate or inappropriate.*?! The
proportion of epileptic patients who did not receive
standardized treatment, also known as the gap of epilepsy
treatment, was determined by diagnosis and treatment
defects, economic COHdlthHS, cultural beliefs, and distance
from health facilities.’>7! The largest epllepsy treatment
gap in China is in Tibet, which may be related to Tibet’s
unique geographical environment and unique culture.*®!
In addition, in economically underdeveloped areas,
people’s misunderstanding and lack of understanding of
the nature of epilepsy lead to a serious stigma of epilepsy.
Misunderstandings and negative attitudes can make
epileptics feel ashamed, embarrassed, and humiliated.
Feeling socially excluded will aggravate the physical,
mental, and social burden of epilepsy. Shame can delay
proper medical treatment and access to medical care,
medical funds, and treatment.l*®! Strengthening the
treatment compliance of epileptic patients and publicity
and education of epilepsy in poor areas with limited
resources, especially in Tibet, will help reduce the
frequency of seizures, improve the quality of life, and
reduce the burden of disease.

However, several limitations exist in our study. First,
although the GBD 2019 used a variety of modeling
methods to estimate epilepsy burden in China and its
provinces, it is still likely to have certain fluctuations in the
estimation of burden for some provinces such as Tibet, due
to low quality of local data source. Second, the data used
in this study cannot assess the urban—rural differences in
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epilepsy burden. However, we explored the relationship
between the burden of epilepsy and SDI, which is a
comparable composite variable developed in the GBD
study, to reflect overall socioeconomic development in
each province. Third, the 95% UI used to define the
precision of some indicators is wide, reflecting the overall
uncertainty of those estimates, which will affect the
estimated differences between provinces to a certain
extent.l”] Fourth, the attributable burden of epilepsy was
not estimated due to the lack of epidemiological data on
risk factors of epilepsy in China. Future studies are needed
to explain the observed trend and geographic variations of
burden caused by epilepsy.

In conclusion, the disease burden of epilepsy is still heavy
in China, espec1ally in the western provinces. The
incidence and prevalence of epilepsy increased between
1990 and 2019, and the burden of epilepsy in the elderly
increased gradually. This study provides evidence on
epilepsy prevention and care in different regions in China.
China should continue to make epilepsy a public health
priority and advocate for action to address gaps in epilepsy
care to reduce the burden caused by epilepsy.
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