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Objective: The purpose of this study is to investigate the risk factors of epilepsy based on
the National Health and Nutrition Examination Survey (NHANES).

Methods: The data in this study was obtained from the NHANES database between 2013
and 2018. It included 14,290 participants aged between 20 and 80. We defined people with
epilepsy (PWE) when they self-reported took at least one treatment medication for seizures
or epilepsy. Analysis of risk factors for epilepsy mainly includes Student’s #-test, chi-square
test, univariate and multivariate logistic regression analysis.

Results: People aged 4059 shared 1.8 times the risk of epilepsy than those who aged 20—
39, P=0.034. People who never married had a 2.8-fold higher risk of epilepsy than those who
married/living with partner, P<0.001. The risk of epilepsy in subjects with very good/good
general health was 0.4 times than that of subjects with fair/poor general health, P<0.001.
Moreover, subjects without sleep disorders had a 0.4-fold higher risk of epilepsy than those
who had sleep disorders, P=0.042.

Conclusion: People who are older, unmarried, and have sleep disorders are at higher risk of
epilepsy. In addition, good/good general health condition is associated with a lower risk of
epilepsy.
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Introduction
Epilepsy is a common neurological disease caused by a group of different causes. It can
occur in patients of any age, region, and race." The main clinical manifestations are
recurrent muscle twitches, short-term abnormalities in sensation, consciousness, and
others. In severe cases, it may develop symptom of loss of consciousness, general tonic
clonus etc. At present, many research reports show that the annual incidence rate of
epilepsy is 20-70 per 100,000 people, and the point prevalence of active epilepsy was
6.38 per 1000 population (95% CI: 5.57-7.30).% It has been estimated that at least
50 million people worldwide had been affected. It has become a common neurological
disease second only to stroke. The World Health Organization has listed epilepsy as one
of the main neuropsychiatric diseases that require prevention and treatment.’
Epilepsy can easily cause damage to the patient’s mental and physical health, adding
a heavy burden to the family and society. Although most PWE can effectively control
seizures after regular medical treatment, patients would still feel shame, impaired
dignity, and often worry about the recurrence of epilepsy. According to different
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diagnostic criteria and scales, the incidence of anxiety and
depression in PWE varies from 20% to 50%.* More seriously,
the total death rate due to suicide was 0.5% (95% CI: 0.002—
0.016).> Therefore, epilepsy is not only harmful to the health
of patients, but can cause a series of social problems as well.
Early recognition and prevention of epilepsy is of great
importance.

However, there is currently a lack of cross-sectional
studies on risk factors of epilepsy with a large enough
sample size. To explore more risk factors of epilepsy besides
stroke, traumatic brain injury, brain tumor and other univer-
sally accepted epileptic factors, the participants’ age, blood
pressure, smoking history, sleep disorder, etc were selected
as risk factors based on the NHANES database. Then,
statistical analysis and testing of the above-mentioned
related risk factors are carried out. This study will provide
a reference for the prevention and treatment of epilepsy.

Methods

Data Source

This study conducted a retrospective cross-sectional ana-
lysis using data from NHANES 2013-2018. NHANES is
a complex, multistage, large-scale civilian survey jointly
conducted by the Centers for Disease Control and
Prevention (CDC) and the National Center for Health
Statistics. The survey content includes health status, popu-
lation nutrition, lifestyle factors, physical examination, etc.
Detailed descriptions of the NHANES protocol have been
published elsewhere.® In short, NHANES is a survey that
uses a stratified, multistage probability sampling design to
draw representative samples from American civilians to
assess the nutritional status and physical conditions of
American children and adults.

Definition of Diseases

In NHANES Questionnaire data, participants listed the
names and main reasons for prescription medications
they had taken in the past 30 days. After confirming that
the prescription medication was a standard antiseizure
medication, we defined the participants who answered at
least one medication for “epilepsy and recurrent seizures”
(G40) as PWE.”

Based on previous studies, we assessed some covari-
ates in association analysis, including gender, age, race,
marital status, hypertension, smoking status, diabetes, gen-
eral health, depression, sleep duration, and sleep disorders.
The race was classified as Mexican American, other

Hispanic, non-Hispanic white, non-Hispanic black, and
others. Marital status was classified as married/living
with a partner, widow/divorced/separated, and never mar-
ried. Hypertension was defined as the current use of anti-
hypertensive medication, or self-reported history of
hypertension, or uncontrolled blood pressure greater than
140/90mmHg at the time of physical examination. We
classified smoking status as never smoking (less than 100
cigarettes in a lifetime) and current or ever smoking (more
than 100 cigarettes in a lifetime) according to the National
Center for Health Statistics definitions.® General health
condition was classified as excellent, very good/good,
and fair/poor. The depression score was calculated accord-
ing to the Patient Health Questionnaire (PHQ-9), which
total score ranged from 0 to 27. The severity of depression
was classified as “none or minimum” (0—4), “mild” (5-9),
“moderate” (10-14), and “moderately severe or severe”
(15-27).° Sleep time was determined according to the
participants’ answers to the question “ Number of hours
usually sleep on weekdays or workdays?” and was classi-
fied as short sleep duration (<7 hours), optimal sleep
duration (7 to 9 hours), and long sleep duration (>9
hours). Whether participants have sleep disorders was
judged by their answers to the specific question “Ever
told doctor had sleep disorders?”. In this study, a total of
29,400 subjects was extracted from the 2013-2018
NHANES database. After selecting subjects aged 20-80
and excluding all subjects with incomplete covariate data,
we included a total of 14,290 subjects for analysis.

Ethics Statement

The National Center for Health Statistics Research Ethics
Review Board approved the NHANES study and all those
who participated in the survey signed an informed consent
form. The NHANES database was open to the public and
did not require any ethical or administrative permission.
More details are available on the web (www.cdc.gov/nchs/

nhanes/).

Statistical Analysis

We extracted 20132018 NHANES data with R studio
(version 3.5.3), analyzed all data by SPSS software (ver-
sion 19.0), and designed figures by GraphPad prism (ver-
sion 7.0).
characteristics were analyzed by Student’s #-test, while

The continuous variables in the basic
categorical variables were analyzed by Chi-square test or
Fisher’s test and presented as frequency (%). Univariate

and multivariate logistic regression analyses were used to
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analyze some possible risk factors for epilepsy. P<0.05
was considered statistically significant.

Results
Baseline Characteristics of the Study

Population

The baseline characteristics of the participants were shown
in Table 1. 14,290 cases with complete data were included
in our study, including 6927 (48.5%) males and 7363
(51.5%) females. 120 PWE and 14,170 non-epilepsy con-
trols were identified. Compared with controls, PWE were
older (54.30 vs 49.66, P<0.01), and most of the subjects
were aged 60 and 80 (42.5%; n=51), followed by 40-59
years old (37.5%; n=45). As shown in Figure 1, when the
age groups were divided in more detail, the age of PWE
was mainly between 41-65 years old. In addition, they
rarely had been married or had partners (42.5% vs 60.0%,
P<0.01), more people had hypertension (60.8% vs 41.9%,
P<0.01), diabetes (24.2% vs 14.0%, P<0.01), smoking
history (52.5% vs 42.9%, P<0.05), depression (10.8% vs
3.2%, P<0.01), less optimal sleep duration (53.3% vs
62.6%, P<0.05), poor general health (50.8% vs 24.1%,
P<0.01), and sleep disorders (47.5% vs 27.4%, P<0.01).
The different degree of general health condition of epi-
lepsy and control subjects were shown in Figure 2. In
terms of excellent, very good, and good general health,
the ratio of PWE was lower than that of the control, while
in the general health of fair and poor, the result was the
opposite. Besides, Figure 3 also showed that sleep disor-
ders were more common in PWE in different years com-
pared with controls.

Univariate and Multivariate Logistic
Regression Analysis of Epilepsy Risk
Factors

In univariate analyses, older age (40-59, OR=1.9,
P=0.012; 60-80, OR=2.1, P=0.003), widow/divorced/
separated (OR=2.0, P=0.002) and never married
(OR=2.1, P=0.001), moderate (OR=2.6, P=0.002) and
moderately severe or severe (OR=4.4, P<0.001) depres-
sion were risk factors for epilepsy. Subjects with excellent
(OR=0.3, P=0.002) and very good/good (OR=0.3,
P<0.001) general health, no hypertension (OR=0.5,
P<0.001), no smoking (OR=0.7, P=0.036), no diabetes
(OR=0.5, P=0.001), and no sleep disorders (OR=0.4,
P<0.001) were protective factors for epilepsy. To further
determine the risk factors of epilepsy, we conducted

multivariate logistic regression analysis. As shown in
Table 2, the risk of epilepsy in people aged 40-59 was
1.8 times higher than that in people aged 20-39, P=0.034.
Never married subjects had a 2.8-fold higher risk of epi-
lepsy than married/living with partner subjects, P<0.001.
The risk of epilepsy was 0.4 times higher in subjects with
very good/good general health than in subjects with fair/
poor general health, P<0.001. Moreover, subjects without
sleep disorders had a 0.4-fold higher risk of epilepsy than
those with sleep disorders, P=0.042.

Discussion

Epilepsy has the characteristics of long duration, recurrent
seizures, long-term medication, and severe cases that need
surgical treatment, which will seriously damage the quality
of life of patients. In this study, we conducted a large
cross-sectional study to explore the risk factors of epilepsy
using NHANES data. A total of 14,290 subjects aged 20—
80 were enrolled in the analysis, including 120 PWE.
Results showed that subjects who were older and never
married had a higher risk of epilepsy, while individuals
with very good/good general health and no sleep disorders
had a lower risk of epilepsy.

As previously reported, the incidence and prevalence
of epilepsy are generally age-related with a bimodal dis-
tribution, and the risk is highest in older age and infant
groups.'® Our research also found that older people were
at greater risk of epilepsy. However, the age of PWE in
this study was all > 20 years old, so it could not reflect the
prevalence of infants and children. Besides, due to the
limitations of the included cases and uneven age distribu-
tion, there may be bias in selection.

Although some studies focused on the mental health
and marital status of PWE, there is still a lack of cross-
sectional surveys with large samples. In this study, our
results showed that never married was a high-risk factor
for epilepsy, while having very good/good general health
was a protective factor for epilepsy. According to previous
research, never married was a high-risk factor for epilepsy
and the possible reasons were as follows. For PWE, the
embarrassment of epileptic seizures in public may lead to
self-doubt, being denied by others, and questioning the
meaning of one’s own survival.'' In a study investigating
the impact of epilepsy on life, Baker stated that 36% of
subjects sometimes kept their epilepsy as a secret from
others due to fear of discrimination, while 47% of the
subjects even thought that people should not know.'?
Compared with the general population, these patients are
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Table | Basic Characteristics of the Included Study

Variables Epilepsy Group (n=120) Control Group (n=14,170) tly? P
Gender 0.02 0.879
Male 59(49.2) 6868(48.5)
Female 61(50.8) 7302(51.5)
Age (y) 9.58 0.008
20-39 24(20.0) 4701(33.2)
40-59 45(37.5) 4661(32.9)
60-80 51(42.5) 4808(33.9)
Means+SD 54.30+15.68 49.66x17.54 322 0.002
Race 7.09 0.131
Mexican American 15 (12.5) 2103 (14.8)
Other Hispanic 14 (11.7) 1452 (10.2)
Non-hispanic white 56 (46.7) 5378 (38)
Non-hispanic black 25 (20.8) 3030 (21.4)
Other race 10 (8.3) 2207 (15.6)
Marital status 15.19 0.001
Married/living with partner 51(42.5) 8496(60.0)
Widow/divorced/separated 36(30.0) 3051(21.5)
Never married 33(27.5) 2623(18.5)
Hypertension 17.52 <0.001
Yes 73(60.8) 5936(41.9)
No 47(39.2) 8234(58.1)
Ever Smoking 4.47 0.034
Yes 63(52.5) 6079(42.9)
No 57(47.5) 8091(57.1)
Diabetes 10.59 0.007
Yes 29(24.2) 1977(14.0)
No 87(72.5) 11,790(83.2)
Borderline 4(3.3) 403(2.8)
General health 46.40 <0.001
Excellent 6(5.0) 1243(8.8)
Very good/good 53(44.2) 9516(67.2)
Fair/poor 61(50.8) 3411(24.1)
PHQ-9 depression score 33.00 <0.001
None or minimum(0—4) 70(58.3) 10,628(75.0)
Mild(5-9) 24(20.0) 2317(16.4)
Moderate(10-14) 13(10.8) 773(5.5)
Moderately severe or sevre(15-27) 13(10.8) 452(3.2)
Sleep duration (h) 6.88 0.032
<7 39(32.5) 4110(29.0)
7-9 64(53.3) 8873(62.6)
>9 17(14.2) 1187(8.4)
Sleep disorder 24.09 <0.001
Yes 57(47.5) 3882(27.4)
No 63(52.5) 10,288(72.6)

Abbreviation: PHQ, Patient Health Questionnaire.
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Figure | Age distribution of subjects in the NHANES survey. The age of PWE was
mainly between 41-65 years old.
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Figure 2 General health distribution of subjects in the NHANES survey. In terms
of excellent, very good, and good general health, the ratio of PWE was lower than
that of the control, while in the general health of fair and poor, the result was the
opposite.
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Figure 3 The sleep disorder of subjects in 2013-2014, 2015-2016, and 2017-2018.
Sleep disorders were more common in PWE in different years compared with
controls.

less likely to get married and more likely to divorce."® In
addition, compared with the healthy control group, PWE
received less emotional and instrumental support from the
family, which would undoubtedly increase their risk of
fair/poor general health.'* Therefore, although this is
a cross-sectional study, it can only suggest risk factors
for the disease, but cannot disentangle reverse causation.
However, our results still suggested that more attention
should be paid to the mental health and marital quality
of PWE.

Sleep plays a vital role in human physical activity and
consciousness, but sleep disorders have become a serious
health problem in the world. There are many forms of sleep
disorders in PWE, and the complex relationship between
sleep disorders and epilepsy has been widely concerned.
On the one hand, PWE have longer rapid eye movement
(REM) sleep latency and less REM sleep, but more non-
REM sleep, leading to disturbances in the sleep-wake cycle
and lower sleep efficiency.'> On the other hand, sleep dis-
orders can also affect seizures. For example, sleep depriva-
tion may aggravate seizures, while difficulty in falling asleep
and maintaining sleep, and obstructive sleep apnea syn-
drome can affect the control of epileptic seizures. Besides,
some seizures mainly occur while sleeping.'® Ismayilova
studied 212 PWE and showed that the sleep structure of
the patients was disordered and the sleep quality was worse
than that of the normal control group.'” De Weerd conducted
a study on 486 patients with partial seizures and showed that
the incidence of sleep disorders in PWE was twice as high as
that of controls.'® Consistent with previous research, our
research showed that no sleep disorder was a protective
factor for epilepsy. This suggests that we should pay more
attention to the sleep disorders of PWE, and if necessary,
carry out drug or other interventions to improve the quality
of sleep, thereby improving the outcome of epilepsy.

However, our study also has some limitations. First, the
criteria for inclusion of epilepsy rely on self-reported
medication history, lack of information on the methods
of diagnosing epilepsy and the type of epilepsy, and no
doctors or other health professionals to confirm. Second, it
is the subjects or proxies who answered the questionnaire,
and some people may conceal the history of epilepsy due
to stigma. For some elderly people, they may receive less
attention at normal times and may not go to the doctor in
time when they have symptoms of epilepsy. Third,
although the sample size of this study is large enough,
the number of PWE is much smaller than that of the
control group, which may affect the power of the analysis.
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Table 2 Logistic Regression Analysis of Epilepsy Risk Factors

Variables Single Factor Multi-Factor
OR (95% CI) P OR (95% CI) P

Gender

Male (Ref) (Ref)

Female 1.0(0.7, 1.4) 0.879 0.9(0.6, 1.3) 0.420
Age (y)

20-39 (Ref) (Ref)

40-59 1.9(1.2, 3.1) 0.012 1.8 (1.0, 3.1) 0.034

60-80 2.1 (1.3,3.4) 0.003 1.7 (1.0, 3.1) 0.075
Race

Mexican American (Ref) (Ref)

Other Hispanic 1.4(0.7, 2.8) 0.419 1.3(0.6, 2.7) 0.470

Non-hispanic white 1.5(0.8, 2.6) 0.195 1.6(0.9, 2.8) 0.142

Non-hispanic black 1.2(0.6, 2.2) 0.657 1.0(0.5, 1.9) 0918

Other race 0.6(0.3, 1.4) 0.268 0.8 (04, 1.9) 0.673
Marital status

Married/living with partner (Ref) (Ref)

Widow/divorced/separated 2.0(1.3, 3.0) 0.002 1.4 (0.9, 2.2) 0.126

Never married 2.1(1.4, 3.3) 0.001 2.8(1.7, 4.5) <0.001

Hypertension 0.5(0.3, 0.7) <0.001 0.7(0.5, I.1) 0.098

Ever Smoking 0.7 (0.5, 1.0) 0.036 1.0(0.7, 1.4) 0.863
Diabetes

Yes (Ref) (Ref)

No 0.5(0.3, 0.8) 0.001 0.8(0.5, 1.3) 0412

Borderline 0.7 (0.2, 1.9) 0.466 0.8(0.3, 2.3) 0.702
General health

Excellent 0.3(0.1, 0.6) 0.002 0.4(0.2, I.1) 0.066

Very good/good 0.3(0.2, 0.4) <0.001 0.4(0.3, 0.6) <0.001

Fair/poor (Ref) (Ref)
PHQ-9 depression score

None or minimum(0—4) (Ref) (Ref)

Mild(5-9) 1.6(1.0, 2.5) 0.057 1.0(0.6, 1.6) 0.984

Moderate(10-14) 2.6(1.4, 4.6) 0.002 1.3(0.7, 2.4) 0.480

Moderately severe or severe(l5-27) 4.4(2.4, 8.0) <0.001 1.7(0.9, 3.3) 0.121
Sleep duration (h)

<7 (Ref) (Ref)

7-9 0.8(0.5, I.1) 0.179 0.9(0.6, 1.3) 0.581

>9 1.5(0.9, 2.7) 0.159 1.3(0.7, 2.4) 0.366
Sleep disorder 0.4(0.3, 0.6) <0.001 0.7(0.4, 1.0) 0.042

Abbreviation: PHQ, Patient Health Questionnaire.

Conclusion

In summary, we conducted a nationwide, cross-sectional
study using NHANES data to explore risk factors for epi-
lepsy, and the results showed that older age and never
married were high-risk factors for epilepsy, while very

good/good general health and no sleep disorder were pro-
tective factors. We believe that these results have important
public health significance and provide a basis for policy-
makers and doctors to formulate evidence-based medical
interventions to improve the quality of life of PWE.
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