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Association between live microbe
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migraine: evidence from

NHANES 1999-2004
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Xiaoping Fan?, Liang Dong* and Jiying Zhou'*
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China, ?Phase | Clinical Research Center, The First Affiliated Hospital of Chongging Medical University,
Chongging, China

Objective: The pathogenesis of migraine is not fully understood until now. This
study was designed to explore whether the intake of live dietary microbes could
be used as an auxiliary means for the treatment of severe headache and migraine.

Methods: Data used in this study were came from the US National Health and
Nutrition Examination Survey (NHANES) from 1999 to 2004. Participants were
divided into three groups according to the dietary live microbe classification
system, namely low, medium and high dietary live microbe groups. Weighted
logistic regression models were used for statistical analysis.

Results: A total of 13,443 participants were included in the present study.
Compared with the low dietary live microorganism group, the migraine OR (95%
Cl) of medium-high dietary live microorganism group is 0.71 (0.63-0.81) and
0.73 (0.62-0.86), respectively, in the unadjusted model. After fully adjusting for
confounding factors, patients in medium-high dietary live microbe group had
a lower prevalence of migraine in contrast to those in low dietary live microbe
group (Medium OR: 0.79, 95% Cl: 0.68-0.93, P = 0.005; High OR: 0.82, 95% ClI:
0.67-0.99, P = 0.047).

Conclusion: Our study shows that a moderate-high intake of live dietary
microbes is inversely associated with the prevalence of severe headache
or migraine.

KEYWORDS

dietary live microbe, severe headache or migraine, microbiological therapy, NHANES,
cross-sectional study

1 Introduction

Migraine is characterized by recurrent episodes of severe unilateral pulsating headaches
accompanied by nausea, vomiting, and increased sensitivity to light and sound (1).
Migraine is a serious and disabling neurovascular disorder that imposes a huge burden on
people’s lives and society (2). The results of the 2019 Global Burden of Disease Study show
that migraine is the second leading cause of disability worldwide (3). About 1 billion people
worldwide suffer from migraine, and in the United States, about 15% of adults experience
a migraine attack each year (4). Currently, migraine is mainly treated with medication.
However, due to poor long-term medication adherence and adverse drug reactions, in
recent years, more and more researchers begun to focus on the important role of diet in
migraine prevention and acute treatment (5).
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Food-safe microbes obtained through daily diet may interact
with the mucosal surface of the digestive tract to modulate the
immune system, enhance intestinal function, and reduce the
body’s susceptibility to chronic diseases (6). Previous studies
have shown that supplementation with probiotics or synthetics
could significantly reduce the frequency of migraine attacks
and the intensity of migraine. For example, a double-blind
randomized controlled trial found that after female migraine
patients received synbiotics intervention, the average monthly
frequency of attacks decreased by 1.02, the use of analgesics
decreased by 7.5%, and the levels of intestinal permeability markers
decreased (7). Another meta-analysis showed that probiotics
decreased the frequency (mean difference = —1.16), severity
(mean difference = —1.07), and the monthly migraine days
(mean difference = —3.02) (8). Furthermore, in patients with
migraine combined with irritable bowel syndrome (IBS), a diet
that eliminates IgG and combines with probiotics treatment
not only improved headaches but also increased serotonin
levels and reduced dependence on over-the-counter analgesics
(9). Recently, Marco et al. (10) used the NHANES public
database to propose a classification system for defining and
estimating dietary intake of live microorganisms. Based on this
classification system, several papers have explored the correlation
between dietary live microorganisms and a variety of common
clinical diseases (11-14).

However, no studies have investigated the relationship between
dietary consumption of live microbes and migraine. Therefore, our
study aimed to examine the association between dietary intake of
live microbes and migraine using data from the NHANES survey
conducted between 1999 and 2004.

10.3389/fnut.2025.1547371

2 Methods
2.1 Participants from NHANES

The data used in our study were derived from the National
Health and Nutrition Examination Survey (NHANES). NHANES
is a comprehensive data collection program hosted by the National
Center for Health Statistics of the CDC to collect information
on the health and nutritional status of the US population.
It uses a stratified multi-stage probabilistic design to screen
participants, including over-sampling of specific age and ethnic
groups. The method allows for sample-weighted inference and
provides a representative representation of the US population.
Individuals provided written informed consent before participating
in NHANES, while the publicly available NHANES database
maintains anonymity by omitting patient identifiers.

This analysis initially encompassed 31,126 adult participants
aged 20 years and above. Subsequently, individuals without severe
headaches or migraine (n = 15,798) were excluded, leaving 15,328
samples for subsequent refined analysis. On this foundation,
1,885)
were further excluded. Ultimately, a total of 13,443 participants

participants in the Live Microbe Intake project (n =
constituted the base group for this study (Figure 1).

2.2 Ascertainment of severe headache or
migraine

The assessment of severe headache or migraine in the
NHANES database was primarily based on self-reported

Participants in the National Health and Nutrition
Examination Survey (NHANES) from 1999-2004.
(N=31126)

Screening out 15798 participants due to

incomplete severe headache or migraine
data.

N=15328

Screening out 1885 participants due to

incomplete live microbe intake data.

Final Participants
N =13443

FIGURE 1
A flowchart showing the selection of study participants.
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methods. Specifically, migraine status was determined through
a “Miscellaneous Pain” section questionnaire administered
during family interviews, which contained questions: “Have you
had a severe headache or migraine in the past three months?”
Participants who answered “yes” were classified as having migraine,
while those who answered “no” were included in the control
group. According to the American Migraine Epidemiology
and Prevention Study, approximately 94% of individuals who
self-reported severe headache were diagnosed with migraine or
possible migraine according to the criteria of the International
Classification of Headache Disorders, Second Edition (ICHD-2)
(15). Therefore, in this study, participants who answered “yes”
were considered to have migraines, and those who answered
“no” were considered to have no migraine. This approach has
precedent in previous studies, and people with severe headaches
were more likely to have migraines, consistent with the findings
of the American Migraine Epidemiology and Prevention Study
(16, 17).

2.3 Live microbe intake

The researchers used a combination of face-to-face interviews
and a 24-h dietary review to collect data on all foods and beverages
consumed by the participants. Due to the participants’ reliance on
memory, this method may produce recall bias, But the National
Health and Nutrition Examination Survey (NHANES) uses strict
quality control procedures to reduce this bias. Interviewers use
partial-size models, detailed question inquiries, and multiple
repeated inquiries to help participants accurately recall dietary
intake and reduce overreporting or underreporting. In addition,
NHANES used automated systems to reduce interviewer bias and
standardized data collection. The NHANES database covers 9,388
food codes, broken down into 48 subgroups. Four experts estimated
the live bacteria content (per gram) in these foods (10). Foods
were classified into three grades based on live bacteria content: low
(<10* CFU/g), medium (10*-107 CFU/g), and high (>10” CFU/g)
(10). In the study, participants were divided into three groups
based on diet live bacteria content: low diet live bacteria group
(all foods were low), medium diet live bacteria group (medium
content but no high content food), and high diet live bacteria group
(containing high content food) (18). These assessments are based
on reported values in professional literature, authoritative reviews,
and extrapolations from the known effects of food processing on
microbial viability, and are addressed through external consultation
and discussion to resolve cases of inconsistent or conflicting data.
Generally, foods that have been pasteurized or processed at high
temperatures are typically categorized as low levels. Unpeeled
fresh vegetables and fruits fall into the medium category, while
unpasteurized fermented foods and probiotic supplements are
classified as high levels.

2.4 Definition of covariates

Data on covariates were obtained from demographic, dietary,
laboratory, and questionnaire sources, all of which are available
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to the public. Potential confounding factors include gender, age,
ethnicity (Mexican American, Other Hispanic, Non-Hispanic
Black, Non-Hispanic White, Other Races), household poverty-
income ratio (high income, medium income and low income),
smoking status (former smoker, current smoker, never smoker),
alcohol consumption status (any alcohol use, no alcohol use),
education level (more than high school, high school, less than
high school), marital status (Living alone or Married/living with
a partner), BMI, hypertension, and diabetes. Based on the poverty
income ratio (PIR) published by the US government, family income
was classified as low (PIR < 1.3), medium (PIR >1.3-3.5), and
high (PIR >3.5) (19). Diabetes was defined as self-reported and
physician-diagnosed diabetes using insulin or oral hypoglycemic
agents with a fasting blood glucose level of 7.0 mmol/L, oral glucose
tolerance test 2h post-meal blood glucose level of 11.1 mmol/L,
random blood glucose level of 11.1 mmol/L, or glycosylated
hemoglobin (HbA1c) level of 6.5% (20). Hypertension was defined
as self-reported hypertension with a mean systolic blood pressure
of 140 mm Hg or/and a mean diastolic blood pressure of 90 mm
Hg on three consecutive measurements, or the use of hypotensive
drugs (21).

2.5 Statistical analysis

The complex sampling design of NHANES was fully considered
in the analysis, MEC sample weights were used, and sample weights
were calculated according to the NHANES analysis guidelines.
Continuous variables were described as weighted means (standard
error, SE), and categorical variables were reported as weighted
percentages and frequencies. The odds ratio (OR) and 95%
confidence interval (CI) between dietary live microbial intake and
severe headache or migraine were calculated using multivariate
logistic regression analysis. Similar to a previous study, the analysis
covered three models: crude model was not adjusted for variables,
model 1 was adjusted for gender and age, and model 2 was
adjusted for age, gender, PIR, race, education levels, marital
status, smoke status, alcohol status, hypertension, diabetes, BMI
(22). In addition, subgroup analyses were performed to examine
heterogeneity among different subgroups by adding interacting
terms and stratifying variables by age, gender, education levels, BMI
and PIR. All statistical analyses used two-side P-values < 0.05 as the
statistical significance criterion.

3 Results

3.1 Characteristics of study participants

Table 1

participants. The participants were classified according to the

presents the basic characteristics of the 13,443

level of dietary live bacteria intake. In comparison with the low
group, the subjects in the medium-high group were older, female,
non-Hispanic White, had higher income, more educated, were of
normal weight, were non-smokers, current drinkers, did not have
high blood pressure, were not living alone, and did not have severe
headache or migraine (all P < 0.05).
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TABLE 1 Baseline characteristics of the study population by various dietary live microbes.

Characteristic Low Med High
N = 4,603 (33%) N = 6,426 (46%) N = 2,414 (21%)
Gender
Female 2,233 (48%) 3,437 (53%) 1,403 (56%) <0.001
Male 2,370 (52%) 2,989 (47%) 1,011 (44%)
Age 42 (31, 54) 45 (33,59) 42 (31, 53) <0.001
PIR
High income 1,081 (34%) 1,945 (44%) 949 (52%) <0.001
Low income 1,465 (28%) 1,583 (20%) 487 (15%)
Medium income 1,637 (38%) 2,347 (37%) 797 (33%)
Race
Mexican American 849 (5.8%) 1,687 (8.7%) 492 (6.1%) <0.001
Non-Hispanic Black 1,295 (16%) 1,026 (9.5%) 266 (5.9%)
Non-Hispanic White 2,068 (66%) 3,299 (73%) 1,476 (79%)
Other Hispanic 253 (7.1%) 258 (5.3%) 102 (5.0%)
Other Races 138 (4.3%) 156 (3.4%) 78 (3.6%)

Education levels

<High school 818 (8.6%) 1,010 (6.6%) 262 (4%) <0.001
High school 2,138 (47%) 2,513 (38%) 790 (31%)
>High school 1,633 (45%) 2,894 (55%) 1,359 (65%)

Marital status

Living alone 1,703 (41%) 2,064 (34%) 787 (35%) <0.001

Married/living with a partner 2,516 (59%) 3,995 (66%) 1,515 (65%)

Smoke status

Current 1,297 (33%) 1,179 (21%) 439 (20%) <0.001
Former 1,097 (21%) 1,830 (27%) 672 (27%)
Never 2,198 (46%) 3,414 (52%) 1,298 (53%)

Alcohol status

Any alcohol use 2,871 (70%) 4,091 (71%) 1,668 (76%) 0.001

No alcohol use 1,731 (30%) 2,335 (29%) 746 (24%)

Hypertension

Yes 1,540 (28%) 2,048 (28%) 666 (23%) <0.001
No 3,063 (72%) 4,378 (72%) 1,748 (77%)

Diabetes

Yes 635 (9.5%) 879 (9.7%) 258 (7.3%) 0.020
No 3,968 (90.5%) 5,547 (90.3%) 2,156 (92.7%)

BMI group

<185 83 (2.4%) 77 (1.6%) 48 (2.5%) <0.001
18.5-24.99 1,283 (32%) 1,895 (36%) 760 (37%)

25-29.99 1,267 (29%) 1,904 (31%) 686 (29%)

>30 1,534 (36%) 1,970 (32%) 715 (31%)

Severe headache or migraine

Yes 1,073 (26%) 1,190 (20%) 488 (20%) <0.001

No 3,530 (74%) 5,236 (80%) 1,926 (80%)

BMI, body mass index; PIR, poverty income ratio.
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TABLE 2 Study population characteristics from NHANES 1999-2004 by
severe headache or migraine.

TABLE 2 (Continued)

Control Severe P-
= headache or value
migraine
N = 2,751
(22%)

Characteristic

N =
10,692 (78%)

Characteristic Control Severe
N = headache or
10,692 (78%) migraine
N=2,751
(22%)
Gender
Female 5,206 (48%) 1,867 (67%) <0.001
Male 5,486 (52%) 884 (33%)
Age 45 (32, 58) 40 (30, 50) <0.001
PIR
High income 3,345 (45%) 630 (33%) <0.001
Low income 2,617 (19%) 918 (30%)
Medium income 3,820 (36%) 961 (37%)
Race
Mexican American 2,352 (7.0%) 676 (7.8%) 0.002
Non-Hispanic 2,006 (11%) 581 (12%)
Black
Non-Hispanic 5,585 (73%) 1,258 (68%)
White
Other Hispanic 452 (5.4%) 161 (7.6%)
Other Races 297 (3.7%) 75 (3.9%)
Education levels
<High school 1,638 (6.4%) 452 (7.6%) <0.001
>High school 4,807 (55%) 1,079 (48%)
High school 4,227 (38%) 1,214 (44%)
Marital status
Living alone 3,593 (36%) 961 (38%) 0.3
Married/living with 6,430 (64%) 1,596 (62%)
a partner
Smoke status
Current 2,174 (23%) 741 (31%) <0.001
Former 3,022 (26%) 577 (20%)
Never 5,482 (51%) 1,428 (49%)
Alcohol status
Any alcohol use 7,008 (73%) 1,622 (67%) <0.001
No alcohol use 3,684 (27%) 1,129 (23%)
Hypertension
Yes 3,404 (26%) 850 (27%) 0.3
No 7,288 (74%) 1,901 (63%)
Diabetes
Yes 1,443 (9.4%) 329 (8.3%) 0.012
No 9,249 (90.6%) 2,422 (91.7%)
BMI group
<18.5 150 (1.8%) 58 (3.0%) <0.001
18.5-24.99 3,172 (36%) 766 (32%)
(Continued)

Frontiersin Nutrition

25-29.99 3,164 (31%) 693 (26%)

>30 3,219 (32%) 1,000 (39%)

Live microbes

Low 3,530 (32%) 1,073 (39%) <0.001
Med 5,236 (47%) 1,190 (42%)
High 1,926 (21%) 488 (19%)

BMI, body mass index; PIR, the poverty income ratio. The meaning of the bold values
indicates p < 0.05.

Table 2 likewise describes the basic characteristics of the
study population included. Two thousand seven hundred fifty-one
exhibited severe headache or migraine among 13,443 participants.
Compared to participants without severe headache or migraine,
those who with severe headache or migraine were more likely to
be female, younger, have lower income, lower levels of education,
be current smokers, be obese, be smokers, and be non-drinkers. In
addition, patients with severe headache or migraine consume less
dietary live microorganisms (P < 0.001).

3.2 Association between live microbe
intake and severe headache or migraine

The results of multiple regression analysis are shown in
Figure 2. Overall, in all models, a higher intake of dietary live
microorganisms is associated with a lower incidence risk of
severe headache or migraine. Compared with the low dietary live
microorganism group, the severe headache or migraine OR (95%
CI) of the medium-high dietary live microorganism group is 0.71
(0.63-0.81) and 0.73 (0.62-0.86), respectively, in the unadjusted
model. In model 1, adjusted according to age and gender, compared
with the low dietary live microorganism group, the adjusted severe
headache or migraine OR (95% CI) of the medium-high dietary
live microbes group is 0.72 (0.63-0.82) and 0.68 (0.57-0.81). In
model 2, after adjusting for age, gender, PIR, race, education levels,
marital status, smoke status, alcohol status, hypertension, diabetes
and BMI, compared with the low dietary live microbes group,
the adjusted OR (95% CI) for severe headache or migraine in the
medium-high dietary live microbes group is 0.79 (0.68-0.93) and
0.82 (0.67-0.99).

3.3 Subgroup analyses

Subgroups were analyzed according to gender, age, education
level, body mass index (BMI), and PIR grouping (Figure 3). The
results showed no significant interaction between dietary active
microbial intake and these stratified variables in terms of severe
headache or migraine risk (interaction P-value > 0.05). Specifically,
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Models Live microbes OR(95% CI) p-value
crude model

low ref
med 0.71(0.63, 0.81) —— <0.001
high 0.73(0.62, 0.86) —— <0.001
model 1
low ref
med 0.72(0.63, 0.82) —a— <0.001
high 0.68(0.57, 0.81) — <0.001
model 2
low ref
med 0.79(0.68, 0.93) — 0.005
high 0.82(0.67, 0.99) —'— 0.047
P<0.05 was considered statistically significant 0.|4 0.I6 0.18 1| 1 .|2
:)rotective factor risk facto;
ZSGonRcfiazt\on between dietary intake of live microbes and severe headache or migraine. Crude model included no covariates. Model 1 was adjusted for
age and gender, and model 2 was adjusted for gender, age, PIR, race, education levels, marital status, smoke status, alcohol status, hypertension,
diabetes and BMI.

individuals aged >50 years had a decreased risk of developing
severe headache or migraine in the moderate and high dietary
active microbial intake groups. Male participants and those with
a BMI of 18.5-24.99 had a reduced risk of developing severe
headache or migraine in the moderate dietary active microbial
intake group.

4 Discussion

In this study, we found that moderate-high dietary live
microbes were negatively associated with the prevalence of
severe headache and migraine. Probiotics were defined as “live
microbes that, when administered in adequate amounts, confer a
health benefit on the host” in 2001 by the Food and Agriculture
Organization of the United Nations (FAO)/World Health
Organization (WHO) (23). Bacteria genera such as bifidobacteria,
Escherichia coli, lactic acid bacteria, and Saccharomyces are known
probiotics (24). Human diet comprises a diverse array of products
that serve as sources of probiotic strains. The quantity and
diversity of microorganisms, including bacteria, yeasts, and molds,
are contingent upon the type, origin, and degree of processing
of the food. We can consider the gastrointestinal tract as an
open ecosystem where microorganisms ingested through diet
can regulate the composition and activity of resident microbial
communities. Gut microbiota exhibits a rapid response to altered
diets, potentially contributing to the diversity of dietary lifestyles in
humans (25, 26).

Frontiersin Nutrition

The underlying mechanisms for the association between high
dietary live microbe intake and severe headaches or migraine
may be as follows. First, the microbiome-gut-brain axis theory
has proposed a new possibility for the pathogenesis of migraine.
Intestinal flora can participate in the bidirectional regulation of
the gut and central nervous system through various ways, and
then affect the host brain function. Simultaneously, the brain also
modulates the motility and functionality of the gastrointestinal
tract via hormonal mediators (27, 28). The dysfunction of the
gut-brain axis has been linked to many neurological diseases,
such as mood and anxiety disorders, multiple sclerosis, Parkinson
disease, Alzheimer disease, and migraine (27-29). Second, in the
gastrointestinal tract, immune cells and inflammatory mediators,
such as interleukin IL-6, IL-1p, IL-18, and tumor necrosis factor
alpha (TNF-a), interferon gamma (IFN-y), have been identified as
sensitizers of afferent nerve endings and are recognized as inducers
of visceral pain (30). Some pro-inflammatory cytokines are
associated with migraines and their levels increase during migraine
attacks (31). A study has shown that commensal microbiota is
fundamental for the development of inflammatory pain and the
interactions between the symbiotic microbiome and the host play
an important role in promoting adaptation to environmental stress,
which can result in tissue damage, inflammation, and heightened
pain perception (32). Third, the central nervous system (CNS)
can modulate gut microbiota through both the sympathetic and
parasympathetic systems, as well as by releasing neuroendocrine
peptides. CGRP, a 37-amino acid peptide, is a product of alternative
splicing of RNA from the calcitonin gene, plays a key role in the
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https://doi.org/10.3389/fnut.2025.1547371
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Xu et al. 10.3389/fnut.2025.1547371
Variable Live microbes OR(95% ClI) P value P for interaction
gender 0.16
female low ref

med —m— 0.83 (0.67,1.01) 0.076
high —a— 0.8 (0.63,1) 0.061
male low ref
med —— 0.75(0.6,0.94) 0.018
high ——— 0.86 (0.67,1.11) 0.272
age group 0.285
<50 low ref
med —— 0.84 (0.7,1.01) 0.078
high —r— 0.89(0.7,1.12) 0.33
>= 50 low ref
med —— 0.72 (0.59,0.89) 0.005
high — 0.63 (0.47,0.85) 0.005
education levels 0.497
<high school low ref
med — 0.82(0.57,1.2) 0.32
high —_— 0.66 (0.34,1.27) 0.221
high school low ref
med —a— 0.85(0.69,1.05) 0.145
high — i 0.84 (0.64,1.11) 0.24
>high school low ref
med — 0.74 (0.61,0.9) 0.006
high — 0.8 (0.6,1.06) 0.127
BMI group 0.599
<18.5 low ref
med —_— 0.3 (0.08,1.1) 0.09
high 0.98 (0.3,3.18) 0.978
18.5-24.99 low ref
med —— 0.66 (0.54,0.81)
high ——t 0.79 (0.6,1.03) 0.095
25-29.99 low ref
med —— 0.79 (0.63,1) 0.056
high —— 0.72 (0.51,1.01) 0.067
>= 30 low ref
med —— 0.97 (0.76,1.22) 0.771
high —=—— 09(061,1.32) 0.58
PIR group 0.944
high income low ref
med —— 0.82 (0.64,1.06) 0.146
high ——— 0.85(0.63,1.14) 0.285
medium income  low ref
med —E 0.81(0.63,1.04) 0.105
high ——t— 0.86 (0.64,1.17) 0.343
low income low ref
med —— 0.76 (0.57,1.02) 0.08
high —— 0.7 (0.48,1.01) 0.069
P<0.05 was considered statistically significant (I) 0!3 0.|6 0,|9 1 .|2 1 .|5
X protective factor risk facto;
FIGURE 3

Subgroup analyses on the association between different dietary intake of live microbes and severe headache or migraine. Model was adjusted for
gender, age, PIR, race, education levels, marital status, smoke status, alcohol status, hypertension, diabetes and BMI. BMI, body mass index; PIR, the
poverty income ratio.

Frontiersin Nutrition

07

frontiersin.org


https://doi.org/10.3389/fnut.2025.1547371
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Xu et al.

pathogenesis of migraine, and its role in the trigeminal vascular
system is a new direction for the treatment and prevention of
migraine (33). It is widely distributed in the peripheral and central
nervous system (CNS) (34, 35). The CGRP signaling could be
influenced by microbiota (36). CGRP, vasoactive intestinal peptide
(VIP), Substance P (SP), and neuropeptide Y (NPY) are thought
to have antibacterial effects on various strains of intestinal bacteria,
such as Escherichia coli, Enterococcus faecalis, and Lactobacillus
acidophilus, and are therefore presumed to be involved in the
bidirection relationship between the gut and the brain (36).
Additionally, Probiotic supplements may regulate migraine attacks,
but the underlying mechanism of action is not fully understood.
Studies have shown that changes in the composition of the gut
microbiota and related metabolites, such as short-chain fatty
acids (SCFAs), and the release of cytokines, such as TNF-o, can
modulate migraine-like pain in animal models (37). Probiotics
impact migraine by altering the composition of the gut microbiota,
reducing intestinal permeability, and decreasing the transfer of
these pro-inflammatory substances (38, 39).

A randomized double-blind controlled trial evaluated the
effects of taking 14 probiotic mixtures or a placebo daily for 8
weeks in patients with chronic migraine and 10 weeks in patients
with episodic migraine. The results suggested that the use of
probiotics significantly improved the frequency and severity of
migraine and reduced the use of abortion medications (40). In
an open-label trial of 40 migraine patients, supplementation with
probiotics + minerals + vitamins + herbs for 12 weeks resulted
in significant improvements in quality of life for about 80% of
the subjects and pain relief for more than half of the migraine
patients. In further studies, a probiotic mixture supplemented
with seven bacterial strains reduced migraine attack frequency
by about a quarter and also reduced migraine-related disability
(41, 42). It is important to note that current research results
are inconsistent, with some studies showing a positive effect of
probiotics on migraines, while others have found no significant
effect (39).

Based on the research findings presented in this article,
consuming foods that supply dietary live microbes can offer
benefits to adults in preventing migraine attacks. Ingesting
live microbes through diet is generally considered safer than
pharmacological interventions and has fewer adverse effects (43).
However, probiotics may not be suitable for all individuals and are
contraindicated in certain patient populations, including those with
cancer, autoimmune diseases, transplant recipients, and the elderly.
Those who with compromised immune systems and severe illnesses
should be cautious when considering probiotics.

To our knowledge, this is the first study to investigate the
relationship between dietary live microbes and the prevalence
of severe headache and migraine in a large, representative US
population. The data utilized in this study were sourced from the
National Health and Nutrition Examination Survey (NHANES),
a nationally representative database in the United States, and
underwent rigorous quality control measures to ensure their
validity. Nevertheless, the current study also has several limitations.
First of all, it’s worth noting that the study used a cross-sectional
design, that may limit its ability to establish a cause-and-effect
connection between dietary intake of live microbes and migraine
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occurrence. Secondly, the classification methods used in our
study to determine the content of live microorganisms in feed
were developed by leading experts in various disciplines through
collaborative discussions and an extensive literature review. The
approach has significant advantages in terms of efficiency and
applicability. However, participants were initially divided into three
groups, the low dietary live microbe group, the medium dietary live
microbe group and the high dietary live microbe group. The simple
classification without accurate calculation is easy to cause errors.
The accurate detection and calculation of live microorganisms
in daily diet remains to be further explored. Thirdly, even after
accounting for as many confounding variables as possible, other
confounding factors may still affect the results. Fourthly, 24-h food
recall relies on participants’ memory and self-reports, which can
lead to overestimation or underestimation of food intake. The
participants could not be able to recall all foods and beverages
consumed accurately in a day, especially for those consumed less
frequently. Finally, the sample in our study was drawn from
the U.S. population, so its necessary to validate the results in
other countries.

5 Conclusion

In conclusion, current evidence suggests that living Microbe
Intake may have positive health effects for migraine patients
by improving the gut microbiome. Future research may reveal
new therapeutic targets, leading to more treatment options for
migraine sufferers.

Data availability statement

Publicly available datasets were analyzed in this study. This data
can be found at: https://www.cdc.gov/nchs/nhanes/index.htm.

Ethics statement

The studies involving humans were approved by the Ethical
Review Board of the National Center for Health Statistics (NCHS).
The studies were conducted in accordance with the local legislation
and institutional requirements. Written informed consent for
participation was not required from the participants or the
participants’ legal guardians/next of kin in accordance with the
national legislation and institutional requirements.

Author contributions

RX: Data curation, Formal analysis, Methodology, Software,
Visualization, Writing - original draft. XY: Conceptualization,
Methodology,
original draft. RZ: Conceptualization, Supervision, Validation,
Writing - review & editing, Data curation, Methodology. XX:
Conceptualization, Supervision, Validation, Writing - review

Formal analysis, Investigation, Writing -

& editing, Data curation. XF: Conceptualization, Supervision,
Validation, Writing - review & editing, Methodology. LD:

frontiersin.org


https://doi.org/10.3389/fnut.2025.1547371
https://www.cdc.gov/nchs/nhanes/index.htm
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Xu et al.

Conceptualization, Investigation, Supervision, Validation, Writing
- review & editing. JZ: Conceptualization, Funding acquisition,
Investigation, Methodology, Supervision, Validation, Writing —
review & editing.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. This research was
financially supported by the Chongqing medical scientific research
project (Joint project of Chongqing Health Commission and
Science and Technology Bureau) (Grant No. 2024GGXMO002) and
the Science and Technology Planning Project of Yuzhong District
of Chongging City (Grant No. 20210137).

Acknowledgments

The author expresses his sincere gratitude to all the members of
the NHANES database for their invaluable contributions.

References

1. Classification and diagnostic criteria for headache disorders, cranial neuralgias
and facial pain. Headache Classification Committee of the International Headache
Society. Cephalalgia. (1988) 8(Suppl 7):1-96.

2. Waliszewska-Pros6t M, Montisano DA, Antolak M, Bighiani F Cammarota F,
Cetta I, et al. The impact of primary headaches on disability outcomes: a literature
review and meta-analysis to inform future iterations of the Global Burden of Disease
study. ] Headache Pain. (2024) 25:27. doi: 10.1186/s10194-024-01735-0

3. Steiner TJ, Stovner L], Jensen R, Uluduz D, Katsarava Z, Lifting the Burden:
the Global Campaign against Headache. Migraine remains second among the world’s
causes of disability, and first among young women: findings from GBD2019. |
Headache Pain. (2020) 21:137. doi: 10.1186/s10194-020-01208-0

4. Zhang N, Robbins MS. Migraine. Ann Intern Med. (2023) 176:1TCl1-
16. doi: 10.7326/A1TC202301170

5. Nguyen KV, Schytz HW. The evidence for diet as a treatment in migraine-a review.
Nutrients. (2024) 16:3415. doi: 10.3390/nu16193415

6. Marco ML, Hill C, Hutkins R, Slavin ], Tancredi DJ, Merenstein D, et al.
Should there be a recommended daily intake of microbes? J Nutr. (2020) 150:3061-
7. doi: 10.1093/jn/nxaa323

7. Ghavami A, Khorvash F, Heidari Z, Khalesi S, Askari G. Effect of synbiotic
supplementation on migraine characteristics and inflammatory biomarkers in women
with migraine: results of a randomized controlled trial. Pharmacol Res. (2021)
169:105668. doi: 10.1016/j.phrs.2021.105668

8. Talandashti MK, Shahinfar H, Delgarm P, Jazayeri S. Effects of selected
dietary supplements on migraine prophylaxis: a systematic review and dose-
response meta-analysis of randomized controlled trials. Neurol Sci. (2025) 46:651-
70. doi: 10.1007/s10072-024-07794-0

9. Xie Y, Zhou G, Xu Y, He B, Wang Y, Ma R, et al. Effects of diet based on IgG
elimination combined with probiotics on migraine plus irritable bowel syndrome. Pain
Res Manag. (2019) 2019:7890461. doi: 10.1155/2019/7890461

10. Marco ML, Hutkins R, Hill C, Fulgoni VL, Cifelli CJ, Gahche J, et al. A
classification system for defining and estimating dietary intake of live microbes in US
adults and children. J Nutr. (2022) 152:1729-36. doi: 10.1093/jn/nxac074

11. Yang C, Hong Q, Wu T, Fan Y, Shen X, Dong X. Association between dietary
intake of live microbes and chronic constipation in adults. ] Nutr. (2024) 154:526—
34. doi: 10.1016/j.tjnut.2023.11.032

12. Fan C, He Y, Yang J, Da M. Association between live microbe intake and
NAFLD: evidence from NHANES 2003-2018. ] Am Nutr Assoc. (2024) 43:272-
8. doi: 10.1080/27697061.2023.2270537

13. Han L, Wang Q. Association of dietary live microbe intake with cardiovascular
disease in US adults: a cross-sectional study of NHANES 2007-2018. Nutrients. (2022)
14:4908. doi: 10.3390/nu14224908

Frontiersin Nutrition

10.3389/fnut.2025.1547371

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.

Generative Al statement

The author(s) declare that no Gen AI was used in the creation
of this manuscript.

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.

14. Huo X, Jia S, Sun L, Yao Y, Liao H, Chen X. Association of dietary live microbe
intake with frailty in US adults: evidence from NHANES. ] Nutr Health Aging. (2024)
28:100171. doi: 10.1016/j.jnha.2024.100171

15. Buse DC, Loder EW, Gorman JA, Stewart WE, Reed ML, Fanning KM, et al. Sex
differences in the prevalence, symptoms, and associated features of migraine, probable
migraine and other severe headache: results of the American Migraine Prevalence and
Prevention (AMPP) Study. Headache. (2013) 53:1278-99. doi: 10.1111/head.12150

16. Hong P, Liu Y, Wan Y, Xiong H, Xu Y. An exponential curve relationship between
serum urate and migraine: a cross-section study from NHANES. Front Neurol. (2022)
13:871783. doi: 10.3389/fneur.2022.871783

17. Li Z, Zhang X, Kong S, Fu C-C, Lv T-Q, Xiao B. Association between
composite dietary antioxidant index and migraine in American young women:
insights from NHANES 1999-2004 cross-sectional data. Front Neurol. (2024)
15:1399916. doi: 10.3389/fneur.2024.1399916

18. Yan K, Ma X, Li C, Zhang X, Shen M, Chen S, et al. Higher dietary live
microbe intake is associated with a lower risk of sarcopenia. Clin Nutr. (2024) 43:1675-
82. doi: 10.1016/j.cInu.2024.05.030

19. WWEIA Data Tables: USDA ARS. Available online at: https://www.ars.usda.
gov/northeast-area/beltsville- md-bhnrc/beltsville-human-nutrition- research-center/
food-surveys-research-group/docs/wweia- data-tables (accessed December 16, 2024).

20. Xu Z, Liu D, Zhai Y, Tang Y, Jiang L, Li L, et al. Association between the oxidative
balance score and all-cause and cardiovascular mortality in patients with diabetes and
prediabetes. Redox Biol. (2024) 76:103327. doi: 10.1016/j.redox.2024.103327

21. Dong Y, Xu W, Liu S, Xu Z, Qiao S, Cai Y. Serum albumin and liver
dysfunction mediate the associations between organophosphorus pesticide
exposure and hypertension among US adults. Sci Total Environ. (2024)
948:174748. doi: 10.1016/j.scitotenv.2024.174748

22. HuT, Chen Y, Chen S, Xue R. Association between serum carotenoids levels and
severe headache or migraine in adults: a cross-sectional study from NHANES. Front
Nutr. (2025) 11:1507503. doi: 10.3389/fnut.2024.1507503

23. Walker R, Buckley M. Probiotic Microbes: The Scientific Basis: This report is
based on a colloquium, sponsored by the American Academy of Microbiology, convened
November 5-7, 2005, in Baltimore, Maryland. Washington, DC: American Society
for Microbiology (2006). Available online at: http://www.ncbi.nlm.nih.gov/books/
NBK559440/ (accessed December 11, 2024).

24. Oniszczuk A, Oniszczuk T, Gancarz M, Szymanska J. Role of gut microbiota,
probiotics and prebiotics in the cardiovascular diseases. Molecules. (2021)
26:1172. doi: 10.3390/molecules26041172

25. David LA, Maurice CE, Carmody RN, Gootenberg DB, Button JE, Wolfe BE,
et al. Diet rapidly and reproducibly alters the human gut microbiome. Nature. (2014)
505:559-63. doi: 10.1038/nature12820

frontiersin.org


https://doi.org/10.3389/fnut.2025.1547371
https://doi.org/10.1186/s10194-024-01735-0
https://doi.org/10.1186/s10194-020-01208-0
https://doi.org/10.7326/AITC202301170
https://doi.org/10.3390/nu16193415
https://doi.org/10.1093/jn/nxaa323
https://doi.org/10.1016/j.phrs.2021.105668
https://doi.org/10.1007/s10072-024-07794-0
https://doi.org/10.1155/2019/7890461
https://doi.org/10.1093/jn/nxac074
https://doi.org/10.1016/j.tjnut.2023.11.032
https://doi.org/10.1080/27697061.2023.2270537
https://doi.org/10.3390/nu14224908
https://doi.org/10.1016/j.jnha.2024.100171
https://doi.org/10.1111/head.12150
https://doi.org/10.3389/fneur.2022.871783
https://doi.org/10.3389/fneur.2024.1399916
https://doi.org/10.1016/j.clnu.2024.05.030
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/wweia-data-tables
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/wweia-data-tables
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/wweia-data-tables
https://doi.org/10.1016/j.redox.2024.103327
https://doi.org/10.1016/j.scitotenv.2024.174748
https://doi.org/10.3389/fnut.2024.1507503
http://www.ncbi.nlm.nih.gov/books/NBK559440/
http://www.ncbi.nlm.nih.gov/books/NBK559440/
https://doi.org/10.3390/molecules26041172
https://doi.org/10.1038/nature12820
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Xu et al.

26. Wu GD, Chen J, Hoffmann C, Bittinger K, Chen Y-Y, Keilbaugh SA, et al.
Linking long-term dietary patterns with gut microbial enterotypes. Science. (2011)
334:105-8. doi: 10.1126/science.1208344

27. Arzani M, Jahromi SR, 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

28. Mayer EA, Tillisch K, Gupta A. Gut/brain axis and the microbiota. J Clin Invest.
(2015) 125:926-38. doi: 10.1172/JCI76304

29. Socata K, Doboszewska U, Szopa A, Serefko A, Wlodarczyk M, Zielinska A, et al.
The role of microbiota-gut-brain axis in neuropsychiatric and neurological disorders.
Pharmacol Res. (2021) 172:105840. doi: 10.1016/j.phrs.2021.105840

30. Murphy SE, Schaeffer AJ, Thumbikat P. Immune mediators of chronic pelvic pain
syndrome. Nat Rev Urol. (2014) 11:259-69. doi: 10.1038/nrurol.2014.63

31. Ramachandran R. Neurogenic inflammation and its role in migraine. Semin
Immunopathol. (2018) 40:301-14. doi: 10.1007/s00281-018-0676-y

32. Amaral FA, Sachs D, Costa VV, Fagundes CT, Cisalpino D, Cunha TM, et al.
Commensal microbiota is fundamental for the development of inflammatory pain.
Proc Natl Acad Sci U S A. (2008) 105:2193-7. doi: 10.1073/pnas.0711891105

33. Russo AF, Hay DL. CGRP physiology,
therapeutic targets: migraine and beyond. Physiol Rev.
644. doi: 10.1152/physrev.00059.2021

pharmacology, and
(2023) 103:1565-

34. Amara SG, Jonas V, Rosenfeld MG, Ong ES, Evans RM. Alternative
RNA processing in calcitonin gene expression generates mRNAs encoding
different polypeptide products. Nature. (1982) 298:240-4. doi: 10.1038/298

240a0
35. Kawai Y, Takami K, Shiosaka S, Emson PC, Hillyard CJ, Girgis
S, et al. Topographic localization of calcitonin gene-related peptide in

Frontiersin

10

10.3389/fnut.2025.1547371

the rat brain: an immunohistochemical Neuroscience.  (1985)

15:747-63. doi: 10.1016/0306-4522(85)90076-4

analysis.

36. Holzer P, Farzi A. Neuropeptides and the microbiota-gut-brain axis. Adv Exp
Med Biol. (2014) 817:195-219. doi: 10.1007/978-1-4939-0897-4_9

37. Lanza M, Filippone A, Ardizzone A, Casili G, Paterniti I, Esposito E,
et al. SCFA treatment alleviates pathological signs of migraine and related
intestinal alterations in a mouse model of NTG-induced migraine. Cells. (2021)
10:2756. doi: 10.3390/cells10102756

38. Crawford J, Liu S, Tao F. Gut microbiota and migraine. Neurobiol Pain. (2022)
11:100090. doi: 10.1016/j.ynpai.2022.100090

39. Naghibi MM, Day R, Stone S, Harper A. Probiotics for the prophylaxis of
migraine: a systematic review of randomized placebo controlled trials. J Clin Med.
(2019) 8:1441. doi: 10.3390/jcm8091441

40. Martami F, Togha M, Seifishahpar M, Ghorbani Z, Ansari H, Karimi T, et al.
The effects of a multispecies probiotic supplement on inflammatory markers and
episodic and chronic migraine characteristics: a randomized double-blind controlled
trial. Cephalalgia. (2019) 39:841-53. doi: 10.1177/0333102418820102

41. de Roos NM, Giezenaar CGT, Rovers JMP, Witteman BJM, Smits MG, van
Hemert S. The effects of the multispecies probiotic mixture Ecologic®Barrier
on migraine: results of an open-label pilot study. Benef Microbes. (2015) 6:641-
6. doi: 10.3920/BM2015.0003

42. Sensenig ], Johnson M, Staverosky T. Treatment of migraine with targeted
nutrition focused on improved assimilation and elimination. Altern Med Rev.
(2001) 6:488-94.

43. Paul AK, Paul A, Jahan R, Jannat K, Bondhon TA, Hasan A, et al
Probiotics and amelioration of rheumatoid arthritis: significant roles of
Lactobacillus  casei and  Lactobacillus  acidophilus. ~Microorganisms.  (2021)
9:1070. doi: 10.3390/microorganisms9051070


https://doi.org/10.3389/fnut.2025.1547371
https://doi.org/10.1126/science.1208344
https://doi.org/10.1186/s10194-020-1078-9
https://doi.org/10.1172/JCI76304
https://doi.org/10.1016/j.phrs.2021.105840
https://doi.org/10.1038/nrurol.2014.63
https://doi.org/10.1007/s00281-018-0676-y
https://doi.org/10.1073/pnas.0711891105
https://doi.org/10.1152/physrev.00059.2021
https://doi.org/10.1038/298240a0
https://doi.org/10.1016/0306-4522(85)90076-4
https://doi.org/10.1007/978-1-4939-0897-4_9
https://doi.org/10.3390/cells10102756
https://doi.org/10.1016/j.ynpai.2022.100090
https://doi.org/10.3390/jcm8091441
https://doi.org/10.1177/0333102418820102
https://doi.org/10.3920/BM2015.0003
https://doi.org/10.3390/microorganisms9051070
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Association between live microbe intake and severe headache or migraine: evidence from NHANES 1999–2004
	1 Introduction
	2 Methods
	2.1 Participants from NHANES
	2.2 Ascertainment of severe headache or migraine
	2.3 Live microbe intake
	2.4 Definition of covariates
	2.5 Statistical analysis

	3 Results
	3.1 Characteristics of study participants
	3.2 Association between live microbe intake and severe headache or migraine
	3.3 Subgroup analyses

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


