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Background: The data on the effect of dietary fiber on severe headaches or
migraine are limited. Therefore, this study aimed to investigate the association
between dietary fiber intake and the prevalence of severe headaches or
migraine.

Methods: We conducted a cross-sectional study involving 12,710 participants,
all data collected from NHANES 1999-2004. A multivariable logistic
regression model was used to analyze the relationship between dietary fiber
intake (as an independent variable) and severe headaches or migraine (as
outcome variable). We also performed sensitivity analyses, including multiple
sensitivity analyses.

Results: The overall incidence of severe headache or migraine in the study
was 2527/12,710 (19.9%). After adjusting for correlation covariates, we found
a significant inverse association between dietary fiber intake and severe
headache or migraine, with lowest prevalence in the fifth quintile (OR: 0.74,
95% Cl: 0.61-0.90). Our study also revealed that for every 10 g/day increase in
dietary fiber intake, the prevalence of severe headache or migraine decreased
by 11%. However, no such inverse association was found among Mexican
Americans, other races, or those with a body mass index (BMI) of 25-30.
E-value analysis suggested robustness to unmeasured confounding.

Conclusion: Increasing the intake of fiber-rich foods might protect from
severe headache or migraine. More prospective studies should be conducted
to confirm their association before dietary recommendations.
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Introduction

Migraine is a highly disabling primary headache disease,
which causes more disabilities than all other neurological
diseases combined (1). The global prevalence rate is estimated
to be 15-18%, causing a high burden on individuals,
families, health care systems, and societies (2). Genetic and
environmental factors play an important role in the occurrence
of migraine (3). In addition, a variety of other internal and
external conditions, such as dietary patterns, specific foods,
alcohol, stress and other lifestyle factors, can influence the
occurrence, intensity and duration of migraines (4, 5). In recent
years, the Global Burden of Disease (GBD) consortium has
concluded that sub-optimal diets are responsible for more
deaths from non-communicable diseases worldwide than any
other risk factor, including smoking. Thus, promoting the
consumption of dietary components with below-optimal intakes
is considered an effective way to reduce the burden of disease
associated with dietary risk (6). Statistically, dietary fiber intake
is indeed consistently reported as inadequate compared to
recommended intakes, regardless of country (7).

Dietary fiber is composed of carbohydrate polymers,
which can neither be digested nor absorbed in human
intestines, but enters the large intestine and is fermented by
intestinal microbiota (8). Because dietary fiber is complex
and heterogeneous, it can be divided into four subgroups
according to different chemical structures, physicochemical
characteristics, and degree of polymerization: resistant
oligosaccharides, non-starch polysaccharides, resistant starch,
and associated substances (non-carbohydrates) (7). Foods
rich in dietary fibers include fruits, vegetables, whole grains,
potatoes, tubers, and beans. Although dietary fiber has different
subgroups, there is no disagreement in the consensus that it is
beneficial to human health. The health benefits of dietary fiber
include improving intestinal function, reducing blood glucose
concentration, lowering blood cholesterol and increasing
satiety. There is increasing evidence that dietary fiber plays
a role in reducing mortality and chronic diseases such as
cardiovascular disease and type 2 diabetes mellitus (9).

In addition, dietary fiber has the ability to regulate the
intestinal microbiome. Recent research suggests a bidirectional
relationship between gut microbiota and the brain. Disturbances
in the gut microbiota are closely linked to central nervous
system diseases, such as multiple sclerosis, Parkinson’s disease,
Alzheimer’s disease, depression etc. (10).

According to neuroimaging research, migraine is a
multifaceted, central nervous system disorder (11). However, to
the best of our knowledge, there are still no studies investigating
the relationship between dietary fiber intake and migraine. The
aim of this study was to determine the relationship between
dietary fiber intake and migraine after adjustment for potential
confounders. In addition, the study further examined the
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stability of the relationship between dietary fiber intake and
migraine by gender, age, and race.

Materials and methods

Study design and participants

This is a cross-sectional study with data from the National
Health and Nutrition Examination Survey (NHANES) 1999-
2004. NHANES is a population-based, nationwide cross-
sectional survey conducted annually by the National Center
for Health Statistics of the Centers for Disease Control and
Prevention and published every 2 years. The NHANES program
has been approved by the Ethics Review Board of the National
Center for Health Statistics research, and participants are
required to sign an informed consent form. All NHANES data
and more details can be found on the NHANES website.!

The 1999-2004 NHANES participants were included in our
study. Exclusion criteria were <20 years of age, pregnancy, fiber
intake of more than 100 g/day, and missing information about
migraine (or severe headache) or fiber intake (Figure 1).

Assessment of headaches or migraines

Severe headaches or migraines as dependent variables were
assessed in the miscellaneous pain section of the NHANES
questionnaire on a self-reported basis. For the question “have
you ever had a severe headache or migraine in the past
3 months?,” Participants who answered “yes” were considered
to have severe headaches and migraines.

Assessment of dietary intakes

National Health and Nutrition Examination Survey assessed
participants’ dietary intake (including types and quantities
of food) by a 24-h dietary recall, conducted by trained
interviewers. Dietary recall interviews were conducted in
a Mobile Examination Center with a standardized set of
guidelines. In 1999-2002, the NHANES conducted one 24-h
recall as part of the interview, while in 2003-2004, two 24-h
recalls were recorded (the second dietary interview over the
phone was conducted 3-10 days later). To be consistent with
data from 1999 to 2002, we use only data from the first interview
in 2003-2004. Therefore, we performed the main analyses
based on the NHANES 1999-2004 first-day dietary data. In
addition, as two 24-h dietary recalls were conducted in 2003-
2004, we further performed sensitivity analyses of the mean

1 http://www.cdc.gov/nchs/nhanes.ntm
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NHANES 1999-2004
N=31,126

Ineligible

Pregnancy (N = 889)
Age <20 (N =15,665)
Dietary fiber intake >
100 g/d (N=4)

~

N=14,568

Ineligible

Dietary fiber intake mi-
ssing values (N = 1,852)
Severe headache or mi-
raine missing values (N
=6)

~

Sensitivity analyses
Propensity score matchi-
ng analyses (1:1 matching
with migraine or not)
Multiple imputations (5 i-
mputed datasets)
Analyses from 2003-2004
NHANES (two-day mean
< of dietary data)

N=12,710

~

Main analyses

FIGURE 1
Flow chart (raw data).

values of these two dietary intakes (Supplementary Table 1).
NHANES calculated each subjects total energy and intake of
nutrients using the U.S. Department of Agriculture Food and
Nutrient Database.

Covariates

The following variables were included in the analysis as
covariates: age (smooth), body mass index (BMI) (smooth),
gender, race, education levels, C reactive protein (smooth), total
energy intake (smooth), family poverty income ratio (smooth),
alcohol intake (smooth), protein intake (smooth), carbohydrate
intake (smooth), history of hypertension, cancer or malignancy,
coronary heart disease, stroke, physical activity, smoked at least
100 cigarettes in life.

Multiple imputation (MI) is an effective approach to deal
with missing covariable data. In our sensitivity analyses, MI were
conducted using R multivariate imputation by chain equation
(MICE) package (Supplementary Tables 2, 3). Missing data
patterns, summaries of raw and imputed data, and visualization
of non-missing data for all covariates in the raw data are
shown in Supplementary Tables 3-5 and Supplementary
Figure 1. Variables description and coding were shown in
Supplementary Table 6.
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Statistical analysis

All statistical analyses were performed using EmpowerStats
2.2 (X&Y solutions Inc., Boston, MA, United States)? and
R (version 3.4.3).5 We considered P-values < 0.05 to be
statistically significant. All reported p-values were two-sided.
We calculated trend P by using the quintile of dietary fiber
intake as an ordinal variable. Multivariable logistic regression
models were constructed to evaluate odd ratios (ORs) with
95% confidence intervals (CIs) of severe headache or migraine
at different levels of dietary fibers. Additionally, non-linear
relationships were checked by fitting a generalized additive
model (GAM) and smooth curve fitting between severe
headaches or migraines and fiber intake quintiles (Figures 2, 3).
In the main analysis and sensitivity analysis, since the status
(“0” = no; “1” = yes) of severe headache or migraine were used as
binary dependent variables and several covariates were adjusted,
we used multivariable logistic regression. The lowest quintile of
dietary fibers was considered as the reference group. No latent
covariates were adjusted for the first model (univariable logistic
regression); The second model was adjusted for age (smooth),
gender, and race; The third model was further adjusted for
age (smooth), BMI (smooth), C reactive protein (smooth),
alcohol intake (smooth), fat intake (smooth), protein intake
(smooth), total energy intake (smooth), family poverty income
ratio (smooth), stroke, gender, hypertension history, physical
activity, race, and smoked at least 100 cigarettes in life (Table 2).
In addition, the GAM was used to adjust for several continuous
variables marked as smooth in the equation to investigate
the potential non-linearity relationship between these variables
and migraine (12, 13). Furthermore, we performed subgroup
analyses after stratifying for age, gender, and race.

We performed weighted and unweighted analyses using
EmpowerStats. We chose to present only the unweighted
results, because our weighted results were consistent with the
unweighted estimates. Second, our purpose was not to produce
national estimates, but to explore the association between severe
headache or migraine and fiber intake. Third, there are different
opinions about the proper use of the sample weights with the
NHANES (14-16).

To reduce the effects of selection bias, propensity score
matching (PSM) was performed using the statistical program
EmpowerStats based on the variables in Supplementary Table 7.
PSM method was used to run sensitivity analysis using a 0.05
caliper (Supplementary Table 7). For the matching, a 1:1
matching technique with replacement was utilized. In addition,
we explored the potential for unmeasured confounding dietary
between dietary fiber and severe headache or migraine by
calculating E-values. The e-value quantifies the required
magnitude of an unmeasured confounder that would negate the

2 http://www.empowerstats.com

3 https://www.R-project.org
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observed association between dietary fiber and severe headaches
or migraine (17).

Results

A total of 31,126 participants interviewed by NHANES
between 1999 and 2004. We excluded subjects who were
pregnant (n = 889) because pregnancy can alter dietary intake
and body weight. We also excluded participants lack of data
on migraines and headaches (n = 15,676), lack of data on
dietary fiber intake (n = 1,847), and dietary fiber intake of
more than 100 g per day (n = 4), leaving 12,710 subjects for
the following analyses (Figure 1). Of these subjects, 19.9%
(n = 2,527) experienced severe headaches or migraines. The
main demographic and clinical characteristics of the subjects
are shown in Table 1. Because of some baseline feature
imbalance (7/14 baseline variables as covariates, P < 0.05)
between included and excluded participants (Supplementary
Table 8), PSM analysis was performed to assess potential
selection bias. The findings after matching were consistent with
the main results (Tables 2, 3 and Supplementary Tables 9, 10).
According to dietary fiber intake, subjects were divided into
quintiles: Q1 (0.0-7.79 g/day), Q2 (7.80-11.59 g/day), Q3
(11.60-15.70 g/day), Q4 (15.71-22.08 g/day), and Q5 (22.10-
95.50 g/day). Overall, the incidence of severe headache or
migraine decreased with increased intake of dietary fiber (24.0%
for Q1, 21.0% for Q2, 19.5% for Q3, 18.1% for Q4, and 16.9% for
Qb5, respectively, Table 1).

There was an inverse association between dietary fiber and
the prevalence of severe headache or migraine. After adjusting
for all covariates, we found that for every 10 g/day increase
in dietary fiber intake, the prevalence of severe headache or
migraine decreased by 11% (Table 2). In addition, in model
3, the risk of severe headache or migraine was reduced by
26% (95% CI, 0.61-0.90) in the Q5 group (the fifth quintile,
highest dietary fiber intake) compared with Q1 group (the
first quintile, lowest dietary fiber intake) (Table 2). The above
results in the main analysis can be seen visually with smoothing
curves (Figure 2). Sensitivity analyses (including a MI sensitivity
analysis in Supplementary Table 2) were consistent with this
result (Supplementary Tables 1, 2, 11). In particular, we
noted that several variables in the original data had missing
values (Supplementary Table 4). Therefore, the sample size of
Model 3 (all-adjusted model) is smaller than that of Model
1 (Table 2 and Supplementary Table 1). Since there were
no missing values for the participants’ age, gender, and race
variables (Supplementary Table 4), Model 2 (partially-adjusted
model) and model 1 have the same sample size (Table 2 and
Supplementary Table 1).

When we conducted a stratified logistic regression analysis,
we found the inverse association disappeared in Mexican
Americans and other races (Table 3, Figure 3). Sensitivity
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analysis results support the credibility of this stratified result
(Supplementary Tables 12, 13).

Moreover, although we also found the inverse association
disappeared in male in stratified analyses (Table 3 and
Supplementary Table 14), sensitivity analyses suggested that
these results were unstable (Supplementary Table 12). Among
males non-Hispanic blacks, Q5 (the fifth quintile, highest dietary
fiber intake) had a 55% lower risk of severe headache or migraine
(95% confidence interval 0.22-0.92) compared with Q1 (the first
quintile, lowest dietary fiber intake) (Supplementary Table 12).
Interestingly, we found a positive correlation between dietary
fiber intake and the prevalence of severe headaches or migraines
in female subjects of other races, which may be caused by
accidental factors (Supplementary Table 12).

In addition, we performed a subgroup analysis of female
age (reproductive age versus menopause). The results remained
stable, showing an inverse association between fiber intake
and migraine, independent of age in women (Supplementary
Table 15). However, when we did stratified analyses of BMI, the
results were not stable. Only individuals with a BMI of <25 or
> 30 had an inverse link between dietary fiber consumption and
severe headache or migraine (Supplementary Table 16). This
means that BMI may have had an impact on the results.

We also showed the basic information of participants
with and without severe headache migraine (Supplementary
Table 17). The association between severe headaches or
migraine with related variables by univariate analysis is depicted
in Supplementary Table 18.

Finally, we generated an E-value to assess the sensitivity
to unmeasured confounding. The negative association between
fiber and migraine was influenced only when the unmeasured
covariates, including untested other nutrients, had hazard ratios
greater than > 1.6 for both x (dietary fiber) and y (migraine).

Discussion

The purpose of this study was to explore the association
between severe headaches or migraines and dietary fiber intake
based on large-sample data. Our results show that the dietary
fiber intake (10 g/day) and its quintiles were positively associated
with the prevalence of severe headache or migraine in 12,710
US men and women after adjustment for potential confounders.
To the best of our knowledge, no previous study has examined
the relationship between dietary fiber and severe headache
or migraine. In addition, our study has some advantages.
First, we collected data from a large, representative national
cohort, including 12,710 samples over a long time span from
1999 to 2004, which would yield more comprehensive and
reliable results. Second, stratified analysis further found that
race played a significant role in this negative correlation.
Finally, various sensitivity analyses were performed to verify the
stability of the results.
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TABLE 1 Demographics for the combined National Health and Nutrition Examination Survey (NHANES) 1999-2004 (raw data).

Fiber intake Q1 Q2 Q3 Q4 Q5
(g/day) (0.00-7.79), | (7.80-11.59), (11.60-15.70), (15.71-22.08), | (22.10-95.50),
quintiles n=2,536 n =2,534 n =2,556 n=2,537 n = 2,547
Age (years) 50.2 £ 18.7 51.6 £19.2 51.5+19.2 51.7 £18.9 50.2 £ 18.1 0.001
Family poverty 23+15 25+16 27+16 28+16 28+16 <0.001
income ratio
C reactive 0.6+ 1.1 0.5+0.8 05+ 1.1 04+1.0 04+08 <0.001
protein, mg/dL
BMI (Kg/mz) 28.6 £ 6.6 28.6 £ 6.5 284 +6.1 284+6.2 27.7£58 <0.001
Total energy 1,399.4 + 676.0 1,768.0 + 702.6 2,070.3 + 827.4 2,315.4 +908.8 2,873.8 & 1,209.0 <0.001
intake (Kcal/day)
Fat intake (g/day) 52.3+31.3 66.9 £ 33.6 78.1 £ 40.0 85.9 +£44.1 103.2 +£57.6 <0.001
Protein intake 54.7 £33.1 67.7 £31.9 77.3 £35.7 86.1+38.3 107.4 +£49.7 <0.001
(g/day)
Fiber intake 514138 9.7+ 1.1 13.6+1.2 186+ 1.8 31.3+£9.6 <0.001
(g/day)
Alcohol intake 10.6 +33.3 8.1+24.2 9.5 £+ 26.1 10.8 £ 35.8 114 £+ 36.3 0.002
(g/day)
Gender <0.001
Male 1,076 (42.4%) 1,038 (41.0%) 1,217 (47.6%) 1,370 (54.0%) 1,664 (65.3%)
Female 1,460 (57.6%) 1,496 (59.0%) 1,339 (52.4%) 1,167 (46.0%) 883 (34.7%)
Race <0.001
Non-Hispanic 1,113 (43.9%) 1,272 (50.2%) 1,394 (54.5%) 1,437 (56.6%) 1,262 (49.5%)
white
Non-Hispanic 805 (31.7%) 577 (22.8%) 433 (16.9%) 364 (14.3%) 312 (12.2%)
black
Mexican 438 (17.3%) 484 (19.1%) 530 (20.7%) 571 (22.5%) 809 (31.8%)
American
Other race 180 (7.1%) 201 (7.9%) 199 (7.8%) 165 (6.5%) 164 (6.4%)
Stroke <0.001
Yes 123 (4.9%) 103 (4.1%) 92 (3.6%) 87 (3.4%) 65 (2.6%)
No 2,409 (95.1%) 2,430 (95.9%) 2,462 (96.4%) 2,446 (96.6%) 2,479 (97.4%)
Smoke <0.001
Yes 1,415 (55.9%) 1,240 (49.0%) 1,230 (48.2%) 1,198 (47.3%) 1,200 (47.2%)
No 1,116 (44.1%) 1,291 (51.0%) 1,324 (51.8%) 1,336 (52.7%) 1,344 (52.8%)
Hypertension <0.001
history
Yes 883 (35.2%) 886 (35.2%) 844 (33.3%) 821 (32.7%) 743 (29.6%)
No 1,626 (64.8%) 1,628 (64.8%) 1,688 (66.7%) 1,686 (67.3%) 1,768 (70.4%)
Physical activity <0.001
Sits 736 (29.1%) 681 (26.9%) 690 (27.1%) 624 (24.6%) 539 (21.2%)
Stands or walks 1,322 (52.2%) 1,406 (55.5%) 1,289 (50.5%) 1,307 (51.6%) 1,352 (53.1%)
Light load 332 (13.1%) 328 (12.9%) 395 (15.5%) 421 (16.6%) 425 (16.7%)
Heavy work 143 (5.6%) 118 (4.7%) 176 (6.9%) 181 (7.1%) 229 (9.0%)
Headaches or <0.001
migraines
Yes 608 (24.0%) 532 (21.0%) 499 (19.5%) 458 (18.1%) 430 (16.9%)
No 1,928 (76.0%) 2,002 (79.0%) 2,057 (80.5%) 2,079 (81.9%) 2,117 (83.1%)
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TABLE 2 Association between severe headache or migraine with fiber intake (raw data).

Exposure (OR (95% ClI) Model 1, Model 2, Model 3,
P-value) N =12,710 N =12,710 N =10,666
Fiber intake (10 g/day) 0.86 (0.82, 0.90) <0.0001 0.91 (0.87, 0.96) 0.0002 0.89 (0.83, 0.95) 0.0005
Fiber intake quintiles

Ql 1.0 1.0 1.0

Q2 0.84 (0.74, 0.96) 0.0111 0.86 (0.75, 0.98) 0.0294 0.90 (0.77, 1.06) 0.2094
Q3 0.77 (0.67, 0.88) 0.0001 0.82 (0.71, 0.94) 0.0053 0.92 (0.78, 1.09) 0.3538
Q4 0.70 (0.61, 0.80) <0.0001 0.78 (0.68, 0.90) 0.0007 0.84 (0.71, 1.01) 0.0619
Q5 0.64 (0.56, 0.74) <0.0001 0.74 (0.64, 0.86) <0.0001 0.74 (0.61, 0.90) 0.0029
P for trend <0.0001 <0.0001 0.0044

Model 1: No covariates were adjusted.

Model 2: Adjust for: Gender; age (Smooth), and race.

Model 3: Adjust for: age (Smooth); body mass index (BMI) (Smooth); C reactive protein (Smooth); alcohol intake (Smooth); fat intake (Smooth); protein intake (Smooth); total energy
intake (Smooth); family poverty income ratio (Smooth); stroke; gender; hypertension history; physical activity; race; smoked at least 100 cigarettes in life. The bold values mean statistically
different (P < 0.05) data.

TABLE 3 Association between severe headache or migraine with fiber intake quintiles stratified by gender, age, and race (raw data).

Stratification Fiber intake quintiles (OR (95% CI) P-value)

ETEIWAN

| Q1 Q3 Q4 Q5 P fortrend |

Gender

Male 6,365 1.0 0.93 (0.70, 1.23) 1.07 (0.81,1.41) | 0.95(0.71,1.27) 0.84 (0.61, 1.14) 0.3087
0.5918 0.6349 0.7290 0.2616

Female 6,345 1.0 0.88 (0.72, 1.06) 0.83 (0.67,1.02) | 0.77 (0.61, 0.96) 0.66 (0.51, 0.86) 0.0035
0.1721 0.0737 0.0217 0.0021

Age (years)

<50 6,275 1.0 0.90 (0.74, 1.10) 0.87 (0.70,1.07) | 0.82(0.65, 1.02) 0.73 (0.57, 0.94) 0.0137
0.3148 0.1926 0.0800 0.0142

>=50 6,435 1.0 0.81 (0.63, 1.05) 0.86 (0.66, 1.12) | 0.72 (0.54, 0.95) 0.59 (0.43, 0.82) 0.0025
0.1082 0.2591 0.0223 0.0016

Race

Non-Hispanic white 6,478 1.0 0.93 (0.74, 1.18) 0.90 (0.70, 1.14) | 0.83 (0.64, 1.07) 0.69 (0.52, 0.92) 0.0082
0.5470 0.3780 0.1422 0.0128

Non-Hispanic black 2,491 1.0 0.83 (0.61, 1.12) 0.75(0.53,1.07) | 0.73 (0.49, 1.10) 0.54 (0.34, 0.87) 0.0126
0.2281 0.1086 0.1360 0.0110

Mexican American 2,832 1.0 1.00 (0.70, 1.43) 1.01(0.70,1.45) | 0.91(0.62,1.33) 1.07 (0.72, 1.61) 0.9126
0.9998 0.9564 0.6303 0.7367

Other race 909 1.0 0.74 (0.41, 1.35) 1.38 (0.76, 2.53) 1.10 (0.56, 2.17) 0.88 (0.41, 1.87) 0.7603
0.3318 0.2921 0.7862 0.7349

Adjust for: age (Smooth); body mass index (BMI) (Smooth); C reactive protein (Smooth); alcohol intake (Smooth); fat intake (Smooth); protein intake (Smooth); total energy intake
(Smooth); family poverty income ratio (Smooth); stroke; gender; hypertension history; physical activity; race; smoked at least 100 cigarettes in life. In the subgroup analysis stratified by
gender, age, and race, the model is not adjusted for the stratification variable. The bold values mean statistically different (P < 0.05) data.

Migraine is a multidimensional disease that seriously affects occurrence and relief of migraine (3). Dietary interventions also
people’s daily life. The prevention and treatment of migraine cost less and have fewer side effects than drug interventions.
headaches have been challenging due to the limited effectiveness The results of dietary interventions for migraine are still
of existing drug and non-drug therapies (18). Scientists have controversial. But in general, most of the literature suggests
been searching for a safe and effective control strategy. Migraine that avoiding foods/ingredients/nutrients that cause migraines
is influenced by genetic and environmental factors, and more and consuming beneficial foods/ingredients/nutrients can
and more studies show that the daily diet is closely related to the help improve migraines. Several types of diets are thought
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FIGURE 2

The relationship between headache or migraine with dietary fiber quintiles after adjusting all related covariates in this study.

to improve migraine through a range of mechanisms,

including improvements in serotonergic dysfunction,

neuronal excitability, mitochondrial function in the brain,

neuroinflammation, hypothalamic function, and platelet

aggregation (19). A review of the literature suggests that
a ketogenic diet, a high folic acid diet, a low-fat diet, a
modified Atkins diet, and a high omega-3/low omega-6 diet
are significantly effective in improving migraine (19). On the
other hand, there are many potential dietary triggers, such as
chocolate, citrus fruits, nuts, ice cream, tomatoes, onions, dairy
products, alcoholic beverages, caffeine, aspartame, and gluten
(20, 21). In addition, certain foods trigger migraines depending
on the amount and timing of consumption (20, 21).

The mechanisms by which dietary fiber acts on severe
headaches or migraines are largely unknown, and there has
been little research on their relationship. In recent years, the
concept of gut-brain axis has attracted attention in several
medical fields (10). Many studies have linked migraines to
different gastrointestinal disorders, such as inflammatory bowel
disease and celiac disease (22). Some researchers have speculated
that the interaction between the gut and the brain may lead
to neuro-related problems (10). Therefore, modulation of gut
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microbiota has been proposed to prevent and treat these
problems. Although the mechanism of the influence of the
gut-brain axis on migraine has not been explored, it has been
suggested that increased intestinal permeability may lead to
the arrival of pro-inflammatory substances in the trigeminal
vascular system, leading to the occurrence of migraine (23).
This theory is consistent with previous studies that have
linked migraines to a variety of inflammatory diseases, such
as allergies, with potential relationships involving inflammatory
factors, gut microbiota, and nutritional elements (24). There
is evidence that moderate increases in dietary fiber intake
may be beneficial in regulating gut microbiota and the gut-
brain axis, thereby improving migraines (25). Many studies
have shown that gut bacteria can metabolize dietary fiber that
cannot be digested by human enzymes, and thus produce
microbial metabolites. Short chain fatty acids (SCFAs) are the
main components of these metabolites, which are produced
by microbial fermentation of specific dietary fiber. SCFAs
provide the main energy source for colon cells, are essential
for maintaining the integrity of the intestinal barrier, and have
broad implications for immune and inflammatory regulation
(26). Studies have shown that dietary fiber can affect the
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The relationship between headache or migraine with dietary fiber quintiles stratified by age (A), gender (B), and race (C) after adjusting related

covariates in this study.

intestinal SCFAs level by affecting intestinal flora activity
(27). Studies have shown that the natural short-chain fatty
acids sodium butyrate and sodium propionate inhibit Histone
Deacetylases (HDACs), which leads to the hyperacetylation
of core histone proteins (H3 and H4) expressed by some
genes associated with inflammation and the translocation of
the well-known inflammatory mediator Nuclear Factor kappa-
light-chain-enhancer of activated B cells (NF-B), which in
turn decreases oxidative stress and the activation of the
inflammatory cascade (28-30). In conclusion, dietary fiber may
reduce inflammation and relieve migraine by regulating the gut
microbiota and its metabolites, SCFAs.

The glycemic index of food decreases with the increase
in dietary fiber content (31). There is countless evidence
that a low glycemic diet (LGD) has a significant effect in
improving conditions such as diabetes, obesity, hyperlipidemia,
epilepsy, and so on. A LGD is generally considered to
include carbohydrates with a glycemic index of less than 50
and is limited to 40-60 grams per day (32). Low glycemic
index foods include vegetables, fruits, legumes, and whole
grains, all of which are high in dietary fiber. A randomized
controlled trial assigned 350 migraine patients 1:1 to either a
LGD (considered as a high-fiber diet) group or prophylactic
medication group. One month after the intervention, the
frequency of migraine attacks was significantly reduced in both
groups. The intensity of headache episodes was also significantly
reduced in the LGD group 3 months after the intervention
(31). The underlying mechanism by which a LGD improves
headaches works, at least in part, by altering the inflammatory
response. Studies have shown that a LGD can reduce soluble
TNF-A receptor II and C-reactive protein (CRP) levels (33).
In summary, the underlying mechanism by which dietary
fiber can improve migraine may involve regulating intestinal
flora and improving inflammatory response. What is more,
vegetables, fruits, and legumes are rich in dietary fiber, and
low intake of these foods in the first group (Ql and Q2)
may result in insufficient intake of certain vitamins, minerals,
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and antioxidants. It has been reported in the literature that
appropriate intake of vitamins and micronutrients may play a
key role in migraine prevention (34, 35). More studies, especially
randomized controlled clinical studies, are needed in the future
to confirm causality.

Worldwide, migraine is three times more common in
women than in men. Estrogen plays a significant role in
migraine, and it fluctuates with several life stages, including
puberty, menstruation, pregnancy, and the peri- and post-
menopausal years (36). So we did subgroup analyses based
on women’s age and stage of childbearing (fertile age vs.
menopause), and the results remained stable. The inverse
association between dietary fiber intake and migraine was
independent of women’s age. In addition, studies have shown
that BMI is associated with migraine, with both underweight
and obesity increasing the risk of migraine (37, 38). Further
subgroup analysis of BMI showed stable results for participants
with BMI <25 and >30, but unstable results for those with
BMI between 25 and 30. This means that BMI may influence
the negative association between dietary fiber and migraine.
More studies are needed to confirm these results and explore
the underlying mechanisms.

Nevertheless, this study has several limitations. First, due to
the nature of cross-sectional observational studies, directional
causality cannot be determined in this study. Second, although
this study used a reliable 24-h dietary recall method to assess
total food intake, recall bias or reporting bias was unavoidable.
Third, as exposure and outcome data are self-reported, there
is a misclassification bias. Fourth, although we used PSM to
minimize the selection bias in sensitivity analysis, a significant
difference was observed in some variables (Supplementary
Tables 7, 8), especially age and sex. Therefore, participant
selection bias was inevitable in this study. Fifth, the potential
effects of all related chronic diseases or other unmeasured
confounders could not be ruled out. Therefore, a longitudinal
study is necessary. Finally, not all dietary fibers can be classified
as prebiotics, and dietary fibers were not classified in this study.
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Conclusion

In conclusion, we found that increased dietary fiber intake
was associated with a decreased incidence of migraine. However,
more prospective studies should be conducted to confirm their
association before dietary recommendations.

Data availability statement

The original contributions presented in this study are
included in the article/Supplementary material, further
inquiries can be directed to the corresponding author.

Author contributions

KH and HH designed and conducted the research,
performed the computational analysis, and contributed to the
preparation of the manuscript. HH analyzed and interpreted
the data and assisted with processing images. KH wrote the
manuscript. Both authors contributed to editing and reviewing,
read and approved the manuscript.

References

1. GBD 2016 Neurology Collaborators. Global, regional, and national burden of
neurological disorders, 1990-2016: a systematic analysis for the global burden of
disease study 2016. Lancet Neurol. (2019) 18:459-80.

2. Disease G, Injury I, Prevalence C. Global, regional, and national incidence,
prevalence, and years lived with disability for 310 diseases and injuries, 1990-2015:
a systematic analysis for the global burden of disease study 2015. Lancet. (2016)
388:1545-602.

3. Burstein R, Noseda R, Borsook D. Migraine: multiple processes, complex
pathophysiology. J Neurosci. (2015) 35:6619-29. doi: 10.1523/JNEUROSCI.0373-
15.2015

4. Mirzababaei A, Khorsha E Togha M, Yekaninejad M, Okhovat A, Mirzaei
K. Associations between adherence to dietary approaches to stop hypertension
(DASH) diet and migraine headache severity and duration among women. Nutr
Neurosci. (2020) 23:335-42. doi: 10.1080/1028415X.2018.1503848

5. Stubberud A, Buse D, Kristoffersen E, Linde M, Tronvik E. Is there a causal
relationship between stress and migraine? Current evidence and implications for
management. ] Headache Pain. (2021) 22:155. doi: 10.1186/s10194-021-01369-6

6. Collaborators G. Health effects of dietary risks in 195 countries, 1990-2017:
a systematic analysis for the global burden of disease study 2017. Lancet. (2019)
393:1958-72.

7. Stephen A, Champ M, Cloran S, Fleith M, van Lieshout L, Mejborn H,
et al. Dietary fibre in Europe: current state of knowledge on definitions, sources,
recommendations, intakes and relationships to health. Nutr Res Rev. (2017) 30:149-
90. doi: 10.1017/5095442241700004X

8. Fuller S, Beck E, Salman H, Tapsell L. New horizons for the study of dietary
fiber and health: a review. Plant Foods Hum Nutr. (2016) 71:1-12. doi: 10.1007/
s11130-016-0529-6

9. Veronese N, Solmi M, Caruso M, Giannelli G, Osella A, Evangelou E, et al.
Dietary fiber and health outcomes: an umbrella review of systematic reviews and
meta-analyses. Am ] Clin Nutr. (2018) 107:436-44. doi: 10.1093/ajcn/ngx082

10. Ma Q, Xing C, Long W, Wang H, Liu Q, Wang R. Impact of microbiota
on central nervous system and neurological diseases: the gut-brain axis. J
Neuroinflammation. (2019) 16:53. doi: 10.1186/s12974-019-1434-3

Frontiers in Nutrition

09

10.3389/fnut.2022.1044066

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fnut.2022.1044066/full#supplementary-material

11. Jin C, Yuan K, Zhao L, Zhao L, Yu D, von Deneen K, et al. Structural and
functional abnormalities in migraine patients without aura. NMR Biomed. (2013)
26:58-64. doi: 10.1002/nbm.2819

12. Zhang S, Bian H, Qiu S, Cai B, Jin K, Zheng X, et al. Associations
between the dietary inflammatory index and urinary incontinence among women
younger than 65 years. Sci Rep. (2021) 11:9340. doi: 10.1038/s41598-021-8
8833-0

13. Zhao W, Gao E Lv L, Chen X. The interaction of hypertension and
homocysteine increases the risk of mortality among middle-aged and older
population in the United States. ] Hypertens. (2022) 40:254-63. doi: 10.1097/HJH.
0000000000003002

14. Gangwisch J, Heymsfield S, Boden-Albala B, Buijs R, Kreier F, Pickering T,
et al. Sleep duration as a risk factor for diabetes incidence in a large U.S. sample.
Sleep. (2007) 30:1667-73. doi: 10.1093/sleep/30.12.1667

15. Gangwisch J, Malaspina D, Posner K, Babiss L, Heymsfield S, Turner J, et al.
Insomnia and sleep duration as mediators of the relationship between depression
and hypertension incidence. Am J Hypertens. (2010) 23:62-9. doi: 10.1038/ajh.2
009.202

16. Wang L, Bautista L. Serum bilirubin and the risk of hypertension. Int J
Epidemiol. (2015) 44:142-52. doi: 10.1093/ije/dyu242

17. Haneuse S, VanderWeele T, Arterburn D. Using the e-value to assess the
potential effect of unmeasured confounding in observational studies. JAMA. (2019)
321:602-3. doi: 10.1001/jama.2018.21554

18. Vikelis M, Spingos K, Rapoport A. A new era in headache treatment. Neurol
Sci. (2018) 39(Suppl. 1):47-58. doi: 10.1007/510072-018-3337-y

19. Razeghi Jahromi S, Ghorbani Z, Martelletti P, Lampl C, Togha M. School of
advanced studies of the european headache F. association of diet and headache. J
Headache Pain. (2019) 20:106. doi: 10.1186/s10194-019-1057-1

20. Martin V, Vij B. Diet and headache: part 1. Headache. (2016) 56:1543-52.
doi: 10.1111/head.12953

21. Martin V, Vij B. Diet and headache: part 2. Headache. (2016) 56:1553-62.
doi: 10.1111/head.12952

frontiersin.org


https://doi.org/10.3389/fnut.2022.1044066
https://www.frontiersin.org/articles/10.3389/fnut.2022.1044066/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2022.1044066/full#supplementary-material
https://doi.org/10.1523/JNEUROSCI.0373-15.2015
https://doi.org/10.1523/JNEUROSCI.0373-15.2015
https://doi.org/10.1080/1028415X.2018.1503848
https://doi.org/10.1186/s10194-021-01369-6
https://doi.org/10.1017/S095442241700004X
https://doi.org/10.1007/s11130-016-0529-6
https://doi.org/10.1007/s11130-016-0529-6
https://doi.org/10.1093/ajcn/nqx082
https://doi.org/10.1186/s12974-019-1434-3
https://doi.org/10.1002/nbm.2819
https://doi.org/10.1038/s41598-021-88833-0
https://doi.org/10.1038/s41598-021-88833-0
https://doi.org/10.1097/HJH.0000000000003002
https://doi.org/10.1097/HJH.0000000000003002
https://doi.org/10.1093/sleep/30.12.1667
https://doi.org/10.1038/ajh.2009.202
https://doi.org/10.1038/ajh.2009.202
https://doi.org/10.1093/ije/dyu242
https://doi.org/10.1001/jama.2018.21554
https://doi.org/10.1007/s10072-018-3337-y
https://doi.org/10.1186/s10194-019-1057-1
https://doi.org/10.1111/head.12953
https://doi.org/10.1111/head.12952
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Huang and He

22. Dimitrova A, Ungaro R, Lebwohl B, Lewis S, Tennyson C, Green M,
et al. Prevalence of migraine in patients with celiac disease and inflammatory
bowel disease. Headache. (2013) 53:344-55. doi: 10.1111/j.1526-4610.2012.
02260.x

23. Arzani M, Jahromi S, Ghorbani Z, Vahabizad F, Martelletti P, Ghaemi A, et al.
Gut-brain axis and migraine headache: a comprehensive review. ] Headache Pain.
(2020) 21:15. doi: 10.1186/s10194-020-1078-9

24. Saberi A, Nemati S, Shakib R, Kazemnejad E, Maleki M. Association between
allergic rhinitis and migraine. ] Res Med Sci. (2012) 17:508-12.

25. Gazerani P. Migraine and diet. Nutrients. (2020) 12:1658. doi: 10.3390/
nul2061658

26. Tan J, McKenzie C, Potamitis M, Thorburn A, Mackay C, Macia L. The role
of short-chain fatty acids in health and disease. Adv Immunol. (2014) 121:91-119.
doi: 10.1016/B978-0-12-800100-4.00003-9

27. Park J, Floch M. Prebiotics, probiotics, and dietary fiber in gastrointestinal
disease. Gastroenterol Clin North Am. (2007) 36:47-63. doi: 10.1016/j.gtc.2007.
03.001

28. Fellows R, Denizot ], Stellato C, Cuomo A, Jain P, Stoyanova E, et al.
Microbiota derived short chain fatty acids promote histone crotonylation in the
colon through histone deacetylases. Nat Commun. (2018) 9:105. doi: 10.1038/
s41467-017-02651-5

29. Hamer H, Jonkers D, Bast A, Vanhoutvin S, Fischer M, Kodde A, et al.
Butyrate modulates oxidative stress in the colonic mucosa of healthy humans. Clin
Nutr. (2009) 28:88-93. doi: 10.1016/j.cInu.2008.11.002

30. Inan M, Rasoulpour R, Yin L, Hubbard A, Rosenberg D, Giardina C. The
luminal short-chain fatty acid butyrate modulates NF-kappaB activity in a human

Frontiers in Nutrition

10

10.3389/fnut.2022.1044066

colonic epithelial cell line. Gastroenterology. (2000) 118:724-34. doi: 10.1016/
s0016-5085(00)70142-9

31. Evcili G, Utku U, Ogun M, Ozdemir G. Early and long period follow-up
results of low glycemic index diet for migraine prophylaxis. Agri. (2018) 30:8-11.
doi: 10.5505/agri.2017.62443

32. Dhamija R, Eckert S, Wirrell E. Ketogenic diet. Can J Neurol Sci. (2013)
40:158-67. doi: 10.1017/S0317167100013676

33. Hartman T, Albert P, Zhang Z, Bagshaw D, Kris-Etherton P, Ulbrecht J, et al.
Consumption of a legume-enriched, low-glycemic index diet is associated with
biomarkers of insulin resistance and inflammation among men at risk for colorectal
cancer. ] Nutr. (2010) 140:60-7. doi: 10.3945/jn.109.114249

34. Meng S, Zhou H, Li X, Wang M, Kang L, Fu J, et al. Association between
dietary iron intake and serum ferritin and severe headache or migraine. Front Nutr.
(2021) 8:685564. doi: 10.3389/fnut.2021.685564

35. Okoli G, Rabbani R, Kashani H, Wierzbowski A, Neilson C, Mansouri B,
et al. Vitamins and minerals for migraine prophylaxis: a systematic review and
meta-analysis. Can J Neurol Sci. (2019) 46:224-33. doi: 10.1017/¢jn.2018.394

36. Faubion S, Batur P, Calhoun A. Migraine throughout the female reproductive
life cycle. Mayo Clin Proc. (2018) 93:639-45. doi: 10.1016/j.mayocp.2017.11.027

37. Hatami M, Soveid N, Lesani A, Djafarian K, Shab-Bidar S. Migraine
and obesity: is there a relationship? a systematic review and meta-analysis of
observational studies. CNS Neurol Disord Drug Targets. (2021) 20:863-70. doi:
10.2174/1871527320666210713114840

38. Ornello R, Ripa P, Pistoia F, Degan D, Tiseo C, Carolei A, et al. Migraine and
body mass index categories: a systematic review and meta-analysis of observational
studies. ] Headache Pain. (2015) 16:27. doi: 10.1186/s10194-015-0510-2

frontiersin.org


https://doi.org/10.3389/fnut.2022.1044066
https://doi.org/10.1111/j.1526-4610.2012.02260.x
https://doi.org/10.1111/j.1526-4610.2012.02260.x
https://doi.org/10.1186/s10194-020-1078-9
https://doi.org/10.3390/nu12061658
https://doi.org/10.3390/nu12061658
https://doi.org/10.1016/B978-0-12-800100-4.00003-9
https://doi.org/10.1016/j.gtc.2007.03.001
https://doi.org/10.1016/j.gtc.2007.03.001
https://doi.org/10.1038/s41467-017-02651-5
https://doi.org/10.1038/s41467-017-02651-5
https://doi.org/10.1016/j.clnu.2008.11.002
https://doi.org/10.1016/s0016-5085(00)70142-9
https://doi.org/10.1016/s0016-5085(00)70142-9
https://doi.org/10.5505/agri.2017.62443
https://doi.org/10.1017/S0317167100013676
https://doi.org/10.3945/jn.109.114249
https://doi.org/10.3389/fnut.2021.685564
https://doi.org/10.1017/cjn.2018.394
https://doi.org/10.1016/j.mayocp.2017.11.027
https://doi.org/10.2174/1871527320666210713114840
https://doi.org/10.2174/1871527320666210713114840
https://doi.org/10.1186/s10194-015-0510-z
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

	The association between dietary fiber intake and severe headaches or migraine in US adults
	Introduction
	Materials and methods
	Study design and participants
	Assessment of headaches or migraines
	Assessment of dietary intakes
	Covariates
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References


