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ARTICLE INFO ABSTRACT

Keywords: Objective: Epilepsy, a neurological disorder, is identified by the presence of recurrent seizures. We aimed to detect
Epilepsy dietary fiber intake and its association with epilepsy prevalence in U.S. adults.

Seizures

Methods: This cross-sectional study obtained data from the 2013-2018 National Health and Nutrition Exami-
nation Survey database. Univariate and multivariate logistic regression models were employed to estimate the
association between dietary fiber intake and epilepsy prevalence. The restricted cubic spline (RCS) model was
also applied to investigate the dose-response relationships between dietary fiber intake and epileptic seizure
events(ESEs).

Results: Our final sample included 13,277 NHANES participants, with the average prevalence of ESEs being 1.09
% (145/13277). After adjusting for all confounding factors, the third quartile of dietary fiber intake levels
remained significantly associated with a decreased risk of ESEs[odds ratios (OR) 0.54,95 % confidence interval
(CI) 0.33-0.88, P = 0.014)] compared to the first quartile. Higher fiber intake indicated a stable negative as-
sociation with ESEs in the multivariate logistic regression analysis, weighted generalized additive model. A
nonlinear dose-response relationship was observed between dietary fiber intake levels and decreased ESEs risk (P
for overall=0.017, P for nonlinear=0.155). Interaction tests showed no significant effect of demographic and
disease status on the association between dietary fiber intake and ESEs.

Conclusion: In this cross-sectional study, people with a high dietary fiber intake were at a reduced risk of ESEs.
However, further prospective studies are needed to investigate the effect of dietary fiber intake in epilepsy events
and to determine causality.

Fiber intake

NHANES

Dose-response relationship
Cross-sectional study

1. Introduction neuronal discharges[1,2]. The current annual incidence of epilepsy is
20-70 per 100,000 people, and the point prevalence of active epilepsy is

Epilepsy is a common chronic disorder of temporary abnormal cen- 6.38 per 1000 people[2]. Epilepsy, the second most common neuro-
tral nervous system function caused by recurrent episodes of abnormal logical disorder following stroke, is estimated to affect a minimum of 50
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million people worldwide[2]. The World Health Organization classifies
epilepsy as one of the major neuropsychiatric disorders requiring pre-
vention and treatment[2,3].

Previous literature has proposed nutrients to be associated with the
pathogenesis of epilepsy[4]. Nutritional factors have been reported to be
involved in regulating electrical brain activity[4]. Dietary fiber is a
carbohydrate that endogenous digestive enzymes in the body cannot
digest. Increased dietary fiber intake has been suggested to provide
beneficial health effects in humans[5]. Observational studies and ran-
domized controlled trials have found that increased dietary fiber intake
helps reduce total blood cholesterol, lipids, metabolic syndrome,
glucose, and hypertension, known risk factors for epilepsy[6,7].

However, there is limited research establishing the correlation be-
tween dietary fiber intake and epilepsy, especially in both basic and
clinical studies. A cross-section study initiated by Rania Shehata
revealed that vegetables, one of the dietary fibers, are associated with
seizures[4]. Over the past few decades, large sample studies on dietary
fiber from the United States have been limited. They have not
adequately investigated potential demographic and socioeconomic dif-
ferences in different ethnic groups and their impact on the correlation
between dietary fiber intake and epilepsy[3]. In addition, the nutritional
habits have changed considerably, with more and more ultra-processed
foods lacking dietary fiber consumed over the past few decades.
Therefore, the beneficial effects of dietary fiber in epileptic seizure
events (ESEs) need to be assessed.

Thus, we conducted a secondary exploratory analysis of a large cross-
sectional study based on surveillance data from the 2013-2018 National
Health and Nutrition Examination Survey (NHANES) to examine the
potential association between dietary fiber intake and ESEs.

Total participants from NHANES 2013-2018

Seizure: European Journal of Epilepsy 122 (2024) 1-9
2. Methods and materials
2.1. Data source

This study conducted a retrospective cross-sectional analysis using
NHANES 2013-2018 data. NHANES is a complex, multistage, large-
scale civilian survey jointly conducted by the Centers for Disease Con-
trol and Prevention (CDC) and the National Center for Health Statistics.
The survey content includes health status, population nutrition, lifestyle
factors, physical examination, etc. Detailed descriptions of the NHANES
protocol have been published elsewhere [1,3]. In short, NHANES is a
survey that uses a stratified, multistage probability sampling design to
draw representative samples from American civilians to assess American
children and adults’ nutritional status and physical conditions. During
the interview, participants are asked for the indications of each pre-
scription medication. The design and operation of NHANES are avail-
able online (https://wwwn.cdc.gov/nchs/nhanes/default.aspx).

Our analysis incorporated data from three NHANES cycles
(2013-2014, 2015-2016, and 2017-2018). The participants had at least
one of the following conditions excluded: 1) individuals aged <20 years;
2) those with missing crucial covariates, such as education, income to
poverty ratio (IPR), body mass index (BMI), smoking status, chronic
conditions, and dietary data. Fig. 1 displays a flow chart of the study’s
selection process and exclusion criteria.

NHANES 2013-2018, National Health and Nutrition Examination
Survey 2013-2018.

2.2. Sample size estimation

The sample size for this study was determined based on calculations
for cross-sectional studies/surveys[8]. Studies that have been previously
published have proposed that the prevalence of epilepsy in the USA
might be around 0.5 % to 1 %[9-11]. We aimed to determine the sample
size with a precision/absolute error of 5 % and a type 1 error of 5 %.
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Fig. 1. Selection of study participants in the NHANES 2013-2018.
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Therefore, the sample size in the current study varied from 8 to 15. The
sample size included in this study far exceeded the estimated sample
size, as depicted in Fig. 1.

2.3. Definition of ESEs

ESEs were not directly measured in the NHANES questionnaire data.
Information on epilepsy was collected through a face-to-face interaction
between the investigator and the participant. We categorized partici-
pants according to whether they responded that they were taking at least
one medication for "epilepsy and recurrent seizures"' (International
Classification of Diseases [ICD] G40)[3,11]. All participants provided
the names of the medications prescribed by a health professional that
they had taken in the last 30 days, along with three main reasons for
using each antiseizure medication (ASM). We defined people who
consumed at least one ASM or had recurrent seizures as having ESEs [3,
11,12]. This identification method has limitations, but it is the optimal
way to classify participants in the study as having epilepsy or not.
Thepopulation with seizures or epilepsy had ASMs prescribed, which are
detailed in Supplemental Table 1. Upon manual review, if a medication
was coded as G40 but not an ASM, we changed the ICD indication to
blank and excluded such medications from our definition of treatment
for epilepsy.

2.4. Dietary assessment

Through two 24-hour dietary recalls, two trained dietitians collected
dietary intake data from the participants using the automated multiple-
pass method. The first nutritional recall interview was conducted in the
mobile examination center (MEC)visit. The second dietary recall infor-
mation was collected by telephone interview 3-10 days later[13,14].
The nutritional data collected from the two 24-hour dietary reviews
were combined with the United States Department of Agriculture
(USDA) Food and Nutrition Database to calculate the participants’ daily
food intake and various nutrients from all foods. The NHANES Dietary
Interviewers Procedure Manuals comprehensively explain the dietary
survey methodologies. Even though 24-hour dietary recall may have
limitations in reliability and effectiveness, it still offers a more detailed
insight into the types and amounts of food consumed compared to food
frequency questionnaires. Before the interview at the MEC to obtain the
participants’ 24-hour nutritional details, a dietary recall interview was
conducted to gather information on their fiber, sugar, fat, cholesterol,
and caffeine intake.

This study determined daily dietary nutrient intake by averaging two
24-hour dietary recalls and dividing participants into four groups ac-
cording to quartiles. Dietary fiber, sugar, and fat intake were described
as g/d, while cholesterol and caffeine intake were described as mg/d.

2.5. Assessment of covariates

Based on previous studies, we obtained some covariates in associa-
tion analysis, including gender, age, race, education levels, IPR, BMI,
physical activity, hypertension, diabetes, and smoking status through
standardized interview questionnaires. Age, IPR, BMI, and dietary
nutrient intakes (fiber, sugar, fat, cholesterol, and caffeine) were
continuous variables. The remaining variables were categorical. The
race was classified as Mexican American, other Hispanic, non-Hispanic
white, non-Hispanic black, and others. Education level was classified
as <9th Grade, 9th-11th Grade, high school or equivalent, college or
above. Physical activity was defined as at least ten continuous minutes
in activities of moderate or vigorous intensity outside of work or
transportation[15].

The IPR was determined by considering family income and the
poverty guidelines the US Department of Health and Human Services set
for the survey year[16]. BMI was readily accessible through household
and mobile examination center interviews, where skilled technicians
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obtained it. Using a Toledo digital scale, weight was measured in pounds
as the participant stood in the center of the scale facing the recorder,
hands at their side, looking straight ahead. Height was determined with
a fixed stadiometer that featured a vertical backboard and a movable
headboard. All participants were instructed to ensure that the heels of
both feet were together, with toes pointed slightly outward at around a
60° angle [15]. A history of hypertension was based on a self-reported
physician diagnosis, while a history of diabetes was defined as a
self-reported physician diagnosis. Smoking status was grouped into no
smoking (<100 cigarettes in a lifetime) and smoking (>100 cigarettes in
a lifetime). Further details regarding the covariates mentioned above
were available on the NHANES website. We hypothesized that increased
dietary fiber intake would be associated with a reduced incidence of
epileptic events.

Given the details mentioned, we proposed that an elevated dietary
fiber intake might be linked to a reduced likelihood of experiencing
epilepsy events.

2.6. Ethics statement

The National Center for Health Statistics Research Ethics Review
Board approved the NHANES study, and all who participated in the
survey signed an informed consent form. The NHANES database was
open to the public and did not require ethical or administrative
permission. More details are available on the web (www.cdc.gov/nch
s/nhanes/). As a deidentified secondary data analysis using an open-
access database, the Ethics Committee of the First Affiliated Hospital
of Fujian Medical University waived informed consent.

2.7. Statistical analysis

Continuous variables are expressed as median (interquartile range,
IQR), while categorical variables are presented as percentages. The
Shapiro-Wilk normality test was used to assess the normality of the
distribution of continuous variables. The Chi-square test assessed dif-
ferences in population characteristics within the survey cycle for cate-
gorical variables, and the Mann-Whitney U test or Wilcoxon rank-sum
test was applied for continuous variables.

Weighted binary logistic regression models with covariates were
employed to estimate the odds ratio (OR) 95 % confidence intervals
(CIs) for the associations of dietary fiber with ESEs. Univariate logistic
analysis and a multivariate logistic regression model were performed to
investigate the independent association between dietary fiber and ESEs.
Drawing from previous research [12,17,18], four weighted logistic
regression models were created with varying adjustments to account for
the different effects of covariates on the outcome variable of ESEs,
facilitating statistical inference. Model 1 was unadjusted. Model 2 was
adjusted for age, gender, and race. Model 3 was further adjusted for age,
gender, race, diabetes and hypertension.. Model 4 was adjusted for age,
gender, race, education level, IPR, BMI, sugar, total fat, cholesterol,
caffeine, physical activity, diabetes, hypertension, and smoking status.
The restricted cubic spline (RCS) models were utilized to assess linear
and nonlinear associations[19]. The RCS model is a statistical analysis
method used to create a smooth visual curve describing the line-
ar/nonlinear relationship between dietary fiber and ESEs. This study
applied the RCS model with the dietary fiber’s 5th, 27.5th, 50th, 72.5th,
and 95th as the five knots for observing the presence of nonlinear trends.

In addition, we performed sensitivity analyses. First, we performed
subgroup analyses for the incidence of ESEs, grouped by sex, age (< 60
yrs or>60 yrs.), race, BMI (<30 or >30), IPR(<1.3, 1.3-3.49, >3.5),
physical activity, diabetes, hypertension, and smoking status[20-22],
and tested for interactions between grouping variables and dietary using
likelihood ratio tests. The stratification was conducted to explore po-
tential threshold effects and ensure that outliers or extreme values did
not drive the association observed. Then, we also analyzed a set of 3
knots (5th, 50th, and 95th) and 4 knots (5th, 35th, 65th, and 95th) to
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test the stability of the nonlinear correlations obtained by RCS[17].
All statistical analyses were performed with R software, version
4.2.1. Statistical significance was determined when P < 0.05.

3. Results
3.1. General characteristics of study participants

Fig. 1 presents the study design, sampling, and exclusion. Our final
sample included 13,277 NHANES participants, of which 145(1.09 %)
were diagnosed with ESEs. Table 1 presents the baseline characteristics
of 13,277 participants categorized into quartiles according to their di-
etary fiber intake quartile. Compared to the lower levels of fiber, we
found that participants with higher fiber intakes tended to be male, had
higher education levels, lower BMI, more sugar, fat, and cholesterol
intakes, fewer participants with hypertension, and fewer smokers.
Furthermore, as dietary fiber quartiles increased, the prevalence of ep-
ilepsy declined gradually from 1.59 % in Q1 to 0.81 % in Q3. Still, it is
interesting that it rose to 0.99 % in Q4.

3.2. Univariate logistics analysis of ESEs-related variable

Given that all continuous variables were not normally distributed,
we used Mann-Whitney U testing for group comparisons between in-
dividuals with ESEsand those without (Table S2). Age, race, IPR, fiber
intake, history of hypertension, and smoking status were all found to be
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associated with ESEs (Table S2). Also, weighted univariate logistic
regression analysis was conducted to observe the associations between
age, gender, race, education level, IPR, BMI, physical activity, diabetes,
hypertension, smoking status, dietary fiber, sugar, fat, cholesterol in-
takes, and ESEs in the US population. Age was positively associated with
ESEs, with an OR of 1.014 (95 % confidence interval [CI]: 1.004-1.023,
Table 2). Participants with a history of hypertension, borderline dia-
betes, and smoking were more likely to develop ESEs, with ORs of 2.43
(95 % CI: 1.743-3.388), 2.147(95 %CI: 1.040-4.433), and 1.527 (95 %
CI: 1.100-2.121), respectively (Table 2). Sugar and caffeine intake were
positively associated with the prevalence of ESEs. In addition, IPR and
dietary fiber were found to be negatively associated with ESEs, with an
OR of 0.735(95 %CI: 0.653-0.827, P < 0.001) and 0.975 (95 % CL:
0.958-0.993, P = 0.007), respectively. Participants in the Q2-Q4 quar-
tiles of dietary fiber intake were less likely to develop ESEs than those in
Q1, with ORs of 0.622 (95 % CI: 0.401-0.965), 0.504(95 %CI:
0.316-0.804), and 0.616 (95 % CIL: 0.397-0.956), respectively. How-
ever, gender, BMI, physical activity, fat, and cholesterol intake were not
found to be associated with ESEs occurrence in this study (P > 0.05)
(Table 2).

3.3. Multivariable logistics regression analysis of the association between
dietary fiber and ESEs

To deal with the issue of multicollinearity caused by multiple cova-
riates, we performed the multilinearity diagnosis that involved all

Table 1

Baseline characteristics of participants according to quartiles of dietary fiber in the NHANES 2013-2018.
Variables Dietary fiber intake P-value

Q1<9.40 Q2 9.40-14.50 Q3 14.60-21.80 Q4>21.90

N 3271 3316 3343 3347
Gender (n, %) <0.001
Male 1347 (41.18 %) 1447 (43.64 %) 1632 (48.82 %) 1970 (58.86 %)
Female 1924 (58.82 %) 1869 (56.36 %) 1711 (51.18 %) 1377 (41.14 %)
Age (yrs) 49.00 (34.00-64.00) 49.00 (34.00-64.00) 50.00 (35.00-64.00) 50.00 (35.00-63.00) 0.695
Race (n, %) <0.001
Mexican American 288 (8.80 %) 345 (10.40 %) 502 (15.02 %) 734 (21.93 %)
Other Hispanic 308 (9.42 %) 329 (9.92 %) 343 (10.26 %) 367 (10.97 %)
Non-Hispanic White 1351 (41.30 %) 1383 (41.71 %) 1398 (41.82 %) 1129 (33.73 %)
Non-Hispanic Black 936 (28.62 %) 765 (23.07 %) 609 (18.22 %) 483 (14.43 %)
Other 388 (11.86 %) 494 (14.90 %) 491 (14.69 %) 634 (18.94 %)
Education (n, %) <0.001
Less than 9th Grade 255 (7.80 %) 202 (6.09 %) 246 (7.36 %) 358 (10.70 %)
9-11th Grade 498 (15.22 %) 388 (11.70 %) 331 (9.90 %) 346 (10.34 %)
High school Grad/GED 901 (27.55 %) 829 (25.00 %) 757 (22.64 %) 568 (16.97 %)
Some college or AA degree 1129 (34.52 %) 1097 (33.08 %) 1080 (32.31 %) 911 (27.22 %)
College graduate or above 488 (14.92 %) 800 (24.13 %) 929 (27.79 %) 1164 (34.78 %)
Income-poverty ratio 1.70 (0.93-3.30) 2.14 (1.15-3.90) 2.26 (1.24-4.27) 2.51 (1.22-4.74) <0.001
Body mass index(kg/m?) 28.90 (24.60-34.00) 28.60 (24.70-33.50) 28.40 (24.50-33.30) 27.80 (24.25-32.05) <0.001
Physical activity (n, %) 0.102
No 1825 (55.79 %) 1929 (58.17 %) 1855 (55.49 %) 1870 (55.87 %)
Yes 1446 (44.21 %) 1387 (41.83 %) 1488 (44.51 %) 1477 (44.13 %)
Sugar (g/d) 65.09 (36.27-109.27) 85.19 (54.08-130.19) 97.87 (65.62-141.31) 116.14 (77.25-167.85) <0.001
Total fat(g/d) 51.15 (33.84-72.82) 70.87 (50.87-95.35) 83.57 (60.05-112.98) 99.16 (68.42-137.72) <0.001
Cholesterol(mg/d) 181.00 (100.00-334.00) 230.00 (135.00-406.00) 264.00 (153.00-451.00) 270.00 (145.00-467.00) <0.001
Caffeine(mg/d) 90.00 (7.00-196.50) 98.00 (11.00-204.00) 101.00 (13.00-208.50) 96.00 (14.00-204.00) 0.843
Diabetes (n, %) 0.117
No 2717 (83.06 %) 2748 (82.87 %) 2765 (82.71 %) 2783 (83.15 %)
Yes 485 (14.83 %) 468 (14.11 %) 481 (14.39 %) 456 (13.62 %)
Borderline 69 (2.11 %) 100 (3.02 %) 97 (2.90 %) 108 (3.23 %)
Hypertension (n, %) <0.001
No 1958 (59.86 %) 2056 (62.00 %) 2099 (62.79 %) 2243 (67.02 %)
Yes 1313 (40.14 %) 1260 (38.00 %) 1244 (37.21 %) 1104 (32.98 %)
Smoking status (n, %) <0.001
No 1625 (49.68 %) 1868 (56.33 %) 1982 (59.29 %) 2044 (61.07 %)
Yes 1646 (50.32 %) 1448 (43.67 %) 1361 (40.71 %) 1303 (38.93 %)
Epileptic seizure events (n, %) 0.014
No 3219 (98.41 %) 3283 (99.00 %) 3316 (99.19 %) 3314 (99.01 %)
Yes 52 (1.59 %) 33 (1.00 %) 27 (0.81 %) 33 (0.99 %)

Median interquartile range (IQR) for continuous variables, count (percentage) for categorical variables.
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Table 2
Weighted univariate logistics analysis of ESEs-related variable.

Variables OR (95 %CI) P value
Gender

Male Reference Reference

Female 0.891 (0.642-1.236) 0.48838
Age 1.014 (1.004, 1.023) 0.00448
Race

Mexican American Reference Reference

Other Hispanic 1.252 (0.660-2.376) 0.49152

Non-Hispanic White 1.247 (0.756-2.055) 0.38722

Non-Hispanic Black 0.902 (0.505-1.614) 0.72922

Other 0.463 (0.216-0.992) 0.04752
Education

Less than 9th Grade Reference Reference

9-11th Grade 1.426 (0.692-2.937) 0.33625

High school Grad/GED 1.234 (0.630-2.419) 0.53968

Some college or AA degree 1.053 (0.543-2.039) 0.87896

College graduate or above 0.740 (0.364-1.502) 0.40421
Income-poverty ratio 0.735 (0.653-0.827) <0.00001
Body mass index 1.009 (0.988-1.031) 0.40961
Physical activity

No Reference Reference

Yes 0.834 (0.596-1.166) 0.28789
Sugar 1.002 (1.000-1.004) 0.02562
Fiber 0.975 (0.958-0.993) 0.00732
Total fat 0.999 (0.995-1.002) 0.5476
Cholesterol 1.000 (0.999-1.001) 0.7649
Caffeine 1.001 (1.000-1.001) 0.03598
Dietary fiber intake

Q1 Reference Reference

Q2 0.622 (0.401-0.965) 0.03413

Q3 0.504 (0.316-0.804) 0.00407

Q4 0.616 (0.397-0.956) 0.03073
Diabetes

No Reference Reference

Yes 1.370 (0.891-2.106) 0.15119

Borderline 2.147 (1.040-4.433) 0.03889
Hypertension

No Reference Reference

Yes 2.430 (1.743-3.388) <0.00001
Smoking status

No Reference Reference

Yes 1.527 (1.100-2.121) 0.01145

ESEs, epileptic seizure events; OR odds ratio (OR); CI, confidence interval.

variables. We assessed tolerance and variance inflation factors (VIFs) as
diagnostic tools to identify multicollinearity. If a VIF is greater than five
or the tolerance is <0.2, it suggests the presence of multiple collinear-
ities. In the multilinearity diagnosis, the highest VIF (2.222) and lowest
tolerance (0.45) occurred in the total fat. Multilinearity was not
observed in the variables (Table S3). Four weighted logistic regression
models were used to analyze the relationship between dietary fiber
intake and ESEs in American adults, as presented in Table 3. All four
logistic regression models showed a significant negative association
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between dietary fiber intake and ESEs. Models 1 and 2 showed that
participants in quartiles Q2-Q4 had a lower risk of epilepsy compared to
those in Q1(Table 3). In model 3, quartile Q2 and Q3 were significantly
associated with a lower risk of ESEs, with ORs and CIs of 0.62 (95 %
CI:0.40-0.97, P = 0.034) and 0.49 (95 %CL 0.31-0.97, P = 0.003),
respectively. In model 4, it was found that only quartile Q3 had a sig-
nificant impact on lowering the risk of ESEs. The odds ratio and confi-
dence interval were 0.54 (95 %CI: 0.33-0.88, P = 0.014), indicating that
individuals in quartile Q3 had a 54 % decreased risk of ESEs compared to
those in the lowest quartile (Q1).

Models 1-2 showed higher dietary fiber intake significantly reduced
the risk of ESEs , with the P for trend ranging from 0.0407 to 0.0398
(Table 3).. Still, it is interesting that only quartile Q3 was significantly
associated with a lower risk of ESEs in model 4. The P for trend was not
significant in models 3-4. Therefore, the results of the regression models
support the conclusion that an appropriate range of dietary fiber intake
(quartile Q3) is associated with a lower likelihood of ESEs.

3.4. Nonlinear associations between dietary fiber intake and the risk of
ESEs

RCS enables the flexible modeling of the relationship between fiber
intake and epileptic seizure-related conditions without imposing a
strictly linear or ordered structure. Consequently, we explored the
relationship between fiber intake and ESEs by applying RCS. The asso-
ciation observed was not driven by outliers or extreme values. We have
included four RCS plots to illustrate the visual relationship. Addition-
ally, four models were developed to adjust for different confounding
factors. All four nonlinear RCS models demonstrated a significant as-
sociation between higher dietary fiber intake and lower ESEs risk
(Fig. 2A-D, P for nonlinear >0.05). Stated differently, the prevalence of
ESEs showed an inverse relationship with fiber intake, even after
adjusting for all potential confounders (Overall P = 0.0017, Nonlinear P
= 0.155).

3.5. Subgroup analysis of the association between dietary fiber intake and
ESEs

Prior literature has identified subgroup analyses to validate the
reliability and robustness of associations between independent and
outcome variables across demographics, ethnicity, lifestyle, and disease
state populations[23,24]. Therefore, we performed subgroup analyses of
sex, age, race, IPR, BMI, physical activity, hypertension, diabetes, and
smoking. As shown in Fig. 3, our findings indicated no significant as-
sociations were observed between fiber intake and epilepsy when
stratifying by gender(P = 0.83), age (P = 0.15), race (P = 0.10), IPR(P =
0.40), BMI(P = 0.81), physical activity(P = 0.43), hypertension(P =
0.45), diabetes(P = 0.22), and smoking status(P = 0.45). The results
suggested that the negative association between dietary fiber intake and

Table 3
ORs (95 % ClIs) of the association between dietary fiber intake and epileptic seizure events in four models.
Model 1 Model 2 Model 3 Model 4
OR (95 %CI) P value OR (95 %CI) P value OR (95 %CI) P value OR (95 %CI) P value
Epilepsy
Q1 Reference Reference Reference Reference
Q2 0.62 (0.40-0.97) 0.0341 0.62 (0.40-0.96) 0.0321 0.62 (0.40-0.97) 0.0344 0.65 (0.41-1.02) 0.062
Q3 0.50 (0.32-0.80) 0.0041 0.49 (0.31-0.78) 0.0029 0.49 (0.31-0.79) 0.0034 0.54 (0.33-0.88) 0.014
Q4 0.62 (0.40-0.96) 0.0307 0.61 (0.39-0.96) 0.0318 0.98 (0.96-1.00) 0.0578 0.68 (0.40-1.16) 0.155
P for trend 0.0407 0.0398 0.0578 0.195

OR, odd ratio; CI, confidence interval.

Model 1 was unadjusted.

Model 2 was adjusted for age, gender, and race.

Model 3 was further adjusted for age, gender, race,diabetes, and hypertension..

Model 4 was further adjusted for age,gender,race,education level, IPR, BMI, physical activity, sugar, total fat, cholesterol, caffeine, diabetes, hypertension, and

smoking status.
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Fig. 2. Association between dietary fiber intake and ESEs evaluated by restricted cubic splines.
The horizontal axis represents the dietary fiber intake (g/d), and the vertical axis represents the relative probability of developing ESEs. Solid gray lines represent

odds ratios, with light-red shaded areas indicating the 95 % confidence intervals.

A. Association of dietary fiber intake with ESEs by unadjusted covariates. (P = 0.009, P for nonlinear= 0.188).

B. Correlation between dietary fiber intake and ESEs after adjustment for age, gender, and race (P = 0.006, P for nonlinear = 0.153).

C. Association of dietary fiber intake with ESEs after adjustment for age, gender, race, hypertension, and diabetes (P = 0.009, P for nonlinear = 0.151).

D. Correlation between dietary fiber intake and ESEs after adjustment for full covariates, including age, gender, race, education level, IPR, BMI, physical activity,
sugar, total fat, cholesterol, caffeine, hypertension, diabetes, and smoking status(P = 0.017, P for nonlinear = 0.155).

All P values for nonlinearity were greater than 0.05.

ESEs was robust in populations with different demographics, lifestyles,
and disease statuses. It might be appropriate for various people. How-
ever, we found a significant positive association with younger partici-
pants (< 60 yrs) [0.96(0.093-0.99), P = 0.02], while participants with
>60 years did not show a significant association with dietary fiber
intake. Moreover, participants who had higher dietary fiber intake and a
lower risk of ESEs were more likely to be non-Hispanic black [0.92
(0.85-0.98), P = 0.02], IPR<1.3[0.96(0.93-1.00), P = 0.03], physical
inactivity [0.97(0.94-1.00), P = 0.04], and without diabetes [0.97
(0.95-1.00), P = 0.020]. Constructing RCS models with 3 and 4 knots
also indicated a significant nonlinear association between dietary fiber
intake and ESEs (Fig. S1-2).

4. Discussion
This study investigated the association between dietary fiber intake

and ESEs using data collected from three cycles of the NHANES
(2013-2018). Our results demonstrated that dietary fiber intake was

associated with a lower risk of ESEs, with the association being partic-
ularly remarkable at levels of 14.6 g/d-21.80 g/d. Furthermore, higher
fiber intake indicated a stable negative association with ESEs in the
multivariate logistic regression analysis, weighted generalized additive
model, and RCS models. Interaction tests revealed no statistically sig-
nificant effects of demographics, lifestyles, and disease status on the
association between dietary fiber intake and ESEs.

At present, the etiology, inducement, and treatment of epilepsy have
been widely discussed, but few articles report the nutritional status and
dietary habits of patients with ESEs or epilepsy[25]. In the last decade,
the impact of diet on the progression and prognosis of chronic diseases
has been an area of focus, especially the potential role of dietary fiber [5,
26-30]. Recent studies have shown that the intake of fruits was lower in
epileptic patients than in controls, but the opposite was true for the
information of fats[1,25]. Hence, healthy dietary choices should be part
of lifestyle interventions, which may improve outcomes for some people
with epilepsy. Dietary modification has long been recognized as a po-
tential treatment for epilepsy[1]. In epilepsy clinics, patients are often
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Subgroups OR(95%CI) P value P interaction
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Race : 0.10
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Other Hispanic 0.93 (0.86-1.01) : : 0.09

Non-Hispanic White  0.98(0.95-1.02) |—0—E-| 036

Non-Hispanic Black  0.92 (0.86-0.99) ~|——@— I 0.02

Other 102 (0.97-1.07) H—e— o

IPR | 0.40
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Body mass index I 0.81
<30 0.98(0.95-1.01) |_Hi 0.13

230 0.97(0.94-1.01) —eo— : 0.12

Physical activity : 0.43
No 0.97 (0.94,-1.00) —eo— i 0.04

Yes 0.99 (0.96-1.02) |—0-:—| 0.40

Hypertension : 0.45
No 0.97 (0.94-1.00) —o— 0.06

Yes 0.98 (0.96-1.01) |—H: 025

Diabetes” I 022
No 0.97 (0.95-1.00) o i 0.02

Yes 1.00 (0.96-1.04) —eo—i 0.90

Smoke | 0.45
No 0.97 (0.94-1.00) —o— 0.06

Yes 0.99 (0.96-1.01) H_i 032

I 1 1 = 1 1
0.85 0.90 0.95 1.00 1.05 1.10

Fig. 3. Association of dietary fiber intake with ESEs across subgroups.

The subgroup analysis was performed using model 4, adjusted for age, gender, race, education level, IPR, BMI, physical activity, sugar, total fat, cholesterol, caffeine,

hypertension, diabetes, and smoking status.

asked what foods they eat to explore the relationship between food and
seizures. Foods are often considered to be seizure triggers and appro-
priate nutritional intake can be regarded as therapeutic. A
cross-sectional study of 12,788 participants conducted by Ran Ding
revealed that people with epilepsy consumed more pro-inflammatory
foods and nutrients than non-epileptic patients, which included a sub-
stantial portion of dietary fiber, indicating a possible association be-
tween fiber diet and epilepsy [1].

Dietary fibers include soluble and insoluble fibers, indigestible car-
bohydrates, and plant lignin. Soluble fibers include viscous fibers such
as gums, non-viscous fibers, pectin, and p-glucan, and insoluble fibers
include cellulose, lignin, and hemicellulose. Dietary fiber prolongs
food’s transport time, delays nutrient absorption, and increases feces’
volume, which helps slow the absorption of glucose, cholesterol, and
lipids. In addition, dietary fiber produces short-chain fatty acids through
fermentation by intestinal bacteria, which can reduce cholesterol syn-
thesis in the liver and blood. Increasing dietary fiber intake may reduce
the incidence of epilepsy by improving risk factors such as diabetes and

dyslipidemia. A cohort study showed that patients with less vegetable
intake were more likely to have poor seizure control, similar to our
findings[25].

Variations in ethnicity and economic status can result in different
dietary fiber intakes due to different nutritional habits[27]. Prior in-
vestigations have revealed that Hispanic blacks and individuals from
lower-income families have less information on dietary fiber than other
adults[27]. Our subgroup analysis study has verified that a decrease in
dietary fiber intake (Hispanic blacks and individuals from lower-income
families<1.3) is correlated with an increased incidence of epilepsy. Our
study suggests that participants of different races and economic statuses
could benefit from epilepsy by increasing their dietary fiber levels.
Physical inactivity may be correlated with a decrease in dietary fiber
absorption in the intestines, which could potentially raise the risk of
epilepsy. Previous observational and randomized controlled studies
have shown that diabetes mellitus, hypertension, and hypercholester-
olemia are risk factors for epilepsy[4]. According to the subgroup ana-
lyses in this study, the negative association between fiber intake and
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epilepsy was stable in the subgroups stratified by hypertension and
diabetes. In addition, we did not find any dependence of this association
with age, gender, race, smoking status, physical activity, diabetes, or
hypertension (all interactions p > 0.05), implying that this negative
association may apply to various population settings.

The mechanisms by which dietary fiber acts on epilepsy or ESEs are
largely unknown, and there has been little research on their relationship.
Recently, the concept of the gut-brain axis has attracted attention in the
epilepsy fields[31]. The potential mechanisms that underpin the pro-
tective effects of dietary fiber consumption on epilepsy may be attrib-
uted to gut function and, specifically, the gut microbiota maintaining the
intestinal and blood-brain barrier (BBB) integrity[27]. Gut microbiota
ferments dietary fiber in the colon to promote short-chain fatty acids
(SCFAs) as end products. SCFAs provide a major energy source for
colonocytes, are essential for maintaining the integrity of the intestinal
barrier and have broad implications in immune and inflammatory
regulation[32]. Prior studies have demonstrated that dietary fiber can
influence intestinal SCFA levels by affecting intestinal flora activity[33].
Inhibition of histone deacetylase by the naturally occurring short-chain
fatty acids sodium butyrate and sodium propionate leads to hyper-
acetylation of several histones (H3 and H4) central to the expression of
genes associated with inflammation, as well as translocation of the
light-chain enhancers of the well-known inflammation-mediating nu-
clear factor kappa-activated B cells (NF-kB), which reduces the activa-
tion of the oxidative stress and inflammation cascade response,
ultimately reducing the occurrence of epilepsy [34-36]. Dietary fiber
may reduce inflammation and alleviate epilepsy by modulating the gut
microbiota and its metabolite SCFAs. The bidirectional communication
between the gut and the central nervous system, facilitated by microbial
metabolites, posits a plausible mechanism for the observed attenuation
of epileptic hyperexcitability.

On the other hand, in addition to microbial metabolites, the gut-
brain axis contains hormonal signals that may contribute to the neuro-
protective effects of dietary fibers. Enteroendocrine cells respond to
fiber-rich foods by releasing hormones such as glucagon-like peptide-1
and peptide YY, which reduce the occurrence of epilepsy or ESEs.
Furthermore, mitochondrial dysfunction and altered energy metabolism
are implicated in epilepsy. By promoting the production of SCFAs during
fermentation, dietary fiber may enhance mitochondrial function and
cellular energy homeostasis. This improvement in energy metabolism
could provide a neuroprotective environment[37], reducing the likeli-
hood of aberrant neuronal activity associated with epileptic seizures.
Finally, dietary fiber attenuates microglia activation and
pro-inflammatory cytokine release, disrupting the cascade of responses
that lead to neuronal hyperexcitability and epilepsy, thus creating an
environment conducive to neuronal health. SCFAs play a crucial role in
microglial maturation, the gut-brain nervous system, BBB permeability,
and stress responses through direct or indirect pathways, all strongly
associated with epilepsy[38].

While our study suggests a link between dietary fiber and ESEs risk,
we need further research to understand how dietary fiber affects epi-
lepsy development and progression. A multidisciplinary approach
involving laboratory experiments, animal studies, analysis of human
tissue, epidemiological investigations, clinical trials, and genetic
research is essential for a complete understanding. Our findings will
encourage more research in this area, potentially leading to improved
strategies for preventing and treating ESEs or epilepsy.

5. Strengths and limitations

Our study has several strengths. First, it is based on NHANES, a cross-
sectional survey database containing detailed data on disease status and
various lifestyle factors, which provides a high degree of generaliz-
ability. Second, in our analysis, multiple confounders were adjusted to
accurately estimate the association between dietary fiber intake and
epilepsy or ESEs in U.S. adults, providing a more comprehensive guide
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to dietary formulation for people with epilepsy. However, the present
study has several limitations that should be acknowledged. First, due to
its inherent limitations, the study’s cross-sectional design precludes the
drawing of causal conclusions. Therefore, future prospective cohort
studies should be conducted to investigate further the impact of dietary
fiber intake on patients with epilepsy or ESEs. Additionally, the dietary
fiber intake was obtained through a 24-hour dietary recall interview,
potentially leading to self-reported bias in the findings. The phenome-
non of overreporting and underreporting of food intake could be pre-
sent. Due to the absence of data on the specific types of dietary fiber in
the NHANES database, our analysis explored the association between
total dietary fiber intake and ESEs. The various types of dietary fiber,
whether soluble or insoluble, could have distinct effects on different
diseases and ESEs or epilepsy, making the findings not applicable to just
one type of dietary fiber. The NHANES database’s lack of a compre-
hensive food frequency questionnaire hindered the study from adjusting
for intrapersonal variability in dietary fiber intake. Since the NHANES
database did not consistently track dietary fiber intake, the study could
not determine a causal relationship between fluctuations in dietary fiber
and ESEs or epilepsy. Third, the criteria for inclusion of ESEs rely on self-
reported medication history, with a lack of information on the methods
of diagnosing epileptic seizures and the type of epilepsy, as well as a lack
of confirmations from doctors or other healthcare professionals. The
ESEs identification approaches were not likely validated in the data
source. Using "at least one antiseizure medication (ASM) intake" or the
ICD code (G40) as a proxy variable for epilepsy identification might lead
to inaccuracies and not capture all cases of epilepsy. Therefore, our
result demonstrated that the prevalence of people who consumed at
least one antiseizure medication or had recurrent seizures was 1 %,
which might have a potential risk of bias inherent in self-reported data.
Fourth, the present study had the limitations of subgroup analysis. The
robustness of the association should be interpreted in the context of the
data’s validity. Last, although the sample size of this study was sulffi-
ciently large, the sample size of 145 participants with ESEs was far
smaller than that of the control group, which may have affected the
validity of the analyses.

6. Conclusions

In conclusion, our study indicates an association between dietary
fiber intake and reduced risk of ESEs. Ascertaining the range of dietary
fiber intake may benefit people with epilepsy or ESEs. People with ep-
ilepsy or ESEs may benefit from individual nutritional assessment and
dietary alteration, which may comprise a novel approach to epilepsy
treatment. Further research is needed to investigate the potential use of
dietary composition modification as a preventive or therapeutic inter-
vention for epilepsy. Nevertheless, these results provide new insights
into the role of the gut-brain axis in the pathogenesis of epilepsy and
offer hope for adjunctive epilepsy treatments as well as new therapeutic
approaches to improve the prognosis of patients with epilepsy.
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