
 

Journal Pre-proof

Vitamin B6 and folate intake are associated with lower risk of severe
headache or migraine in adults:an analysis based on NHANES
1999-2004

Sheng Tian , Xinping Yu , Lanxiang Wu , Heqing Zheng ,
Xianhui Zhong , Yonggang Xie , Wei Wu

PII: S0271-5317(23)00114-8
DOI: https://doi.org/10.1016/j.nutres.2023.11.008
Reference: NTR 8490

To appear in: Nutrition Research

Received date: 14 August 2023
Revised date: 10 November 2023
Accepted date: 11 November 2023

Please cite this article as: Sheng Tian , Xinping Yu , Lanxiang Wu , Heqing Zheng , Xianhui Zhong ,
Yonggang Xie , Wei Wu , Vitamin B6 and folate intake are associated with lower risk of severe
headache or migraine in adults:an analysis based on NHANES 1999-2004, Nutrition Research (2023),
doi: https://doi.org/10.1016/j.nutres.2023.11.008

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2023 Published by Elsevier Inc.

https://doi.org/10.1016/j.nutres.2023.11.008
https://doi.org/10.1016/j.nutres.2023.11.008


1 

 

Highlights 

 A high level of vitamin B6 and folate intake (vitamin B6 ≥ 2.39 mg/day, 

folate ≥ 502.01ug/day) were related to lower odds of migraine. 

 There was a non-linear relationship between vitamin B6 and folate intake 

on migraine. 

 Vitamin B6 and folate intake did not interact with sex, age, family income 

and education level. 

 A high level of vitamin B6 and folate intake exhibited a synergistic 

interaction in lowering the risk of migraine. 
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ABSTRACT 

Previous studies have shown that B vitamins can relieve migraine. However, the 

association between vitamin B6 and folate, two important B vitamins consumed in the 

diet, with migraine have received minimal attention. This study explored the 

independent relationships between dietary vitamin B6 and folate intake with migraine 

and the interaction effect of these two nutrients on migraine in US adults. We 

hypothesized that vitamin B6 and folate intake would be inversely associated with 

migraine. This study included cross-sectional data from participants aged 20 years and 

older who participated in the National Health and Nutrition Examination Survey 

(NHANES) from 1999 to 2004. We conducted multivariate logistic regression and 

restricted cubic spline (RCS) regression to explore the association between dietary 

vitamin B6 and folate intake on migraine. Also, relative excess risk due to interaction 

(RERI), attributable proportion of interaction (AP), and synergy index (S) were 

utilized to assess additive interactions. A total of 7017 participants were included in 

this study, 1350 of whom were migraineurs. We determined that vitamin B6 and folate 

intake revealed a negative association with severe headache or migraine [0.66 (95 % 

CI: 0.47-0.89, P = 0.01); 0.57 (95 % CI: 0.42-0.78, P = 0.002)], respectively. Also, a 

significant interaction effect between a high mass of vitamin B6 and folate intake was 

observed for a lower risk of migraine [RERI: 0.28(95%CI: 0.05-0.51); AP: 

0.45(95%CI: 0.05‐ 0.86); S: 0.58 (95%CI: 0.40‐ 0.83)]. A high mass of vitamin B6 

and folate intake (vitamin B6 intake ≥ 2.39 mg/day and folate intake ≥ 502.01ug/day) 
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presented a synergistic interaction with migraine, suggesting that these two nutrients 

might be beneficial in preventing migraine.  

Keywords: Vitamin B6, Folate, NHANES, Migraine, Synergistic interaction  

1.Introduction 

A migraine headache is a widespread neurological disorder affecting over one billion 

people worldwide, of whom approximately 45.1 million live in constant pain [1]. 

Migraine prevalence in the United States is approximately 18.2% in women, 6.5% in 

men, and is most frequent in individuals under the age of 50 [2]. Previous studies 

have elucidated that natural compounds such as zinc and selenium are critical in 

human health [3-4]. Other studies have revealed that diet and nutrition are highly 

associated with migraine [5-6]. Therefore, exploring the effects of specific nutrients 

might facilitate preventing and treating migraine. 

Vitamin B6 is water-soluble and exists as three closely related compounds with 

similar physiological effects, including pyridoxine, pyridoxal and pyridoxamine [7]. A 

previous study reported that vitamin B6 is a critical cofactor in the homocysteine 

metabolic pathway [8]. In particular, the active form of vitamin B6 is essential as a 

coenzyme for cystathionine synthase and cystathioninelyase, which are required to 

metabolize homocysteine to cysteine. Researchers suggested that disruption of the 

neurovascular endothelium caused by elevated homocysteine (Hcy) levels could result 

in migraine [9]. Moreover, a study of female Caucasian Australians suffering from 

migraine reported that compared to placebo, vitamin B6 supplementation significantly 

reduced homocysteine levels and alleviated headache severity and degree of disability 
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in migraineurs [10]. 

Folate is also a water-soluble vitamin, including endogenous dietary folate and 

its synthetic form, folic acid [11]. It has been reported that homocysteine metabolism 

depends on the presence of the cofactor folate, and that Hcy levels tend to be elevated 

in the presence of a folate deficiency [12]. Sadeghvand S et al. reported a positive 

correlation between serum Hcy levels and the frequency and characteristics of 

migraine attacks [13]. Dietary folate has been found to reduce serum Hcy levels [14]. 

A previous study revealed that 95 migraine patients supplemented with folate and 

pyridoxine in their diet for three months experienced a significant reduction in 

migraine severity and the frequency and duration of headache [15]. In addition, folate 

is an essential nutrient that supports mitochondrial energy metabolism linking 

migraines to mitochondrial function [16]. Furthermore, mitochondrial dysfunction has 

been observed in migraine patients [17]. 

However, few studies have examined the association between vitamin B6 and 

folate with migraine in the general population. This study explored the relation 

between dietary vitamin B6 and folate intake on severe headache or migraine in adults 

in a general population using data from the NHANES. We also identified interactions 

between vitamin B6 and folate intake with the risk of severe headache or migraine. 

Based on the dietary patterns found in this population, we hypothesized that there was 

an inverse relationship between dietary consumption of vitamin B6 and folate and 

severe headache or migraine. Furthermore, the dose–response correlation between 

dietary vitamin B6 and folate intake on severe headache or migraine was also 
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described, respectively.  

2. Methods and materials 

2.1. Study design  

The data analyzed in this cross-sectional study were obtained from the NHANES, 

administered by the Centers for Disease Control and Prevention, USA. The NHANES 

data include a series of cross-sectional, stratified, multi-stage probability surveys of 

the non-institutional population in the United States [18]. The NHANES collected 

relevant examinations, interviews and questionnaires through home visits and mobile 

examination center (MEC) to assess the health and nutritional history of the US 

population. All NHANES study protocols were approved by the ethical review 

committee of the National Centre for Health Statistics (Protocol #98-12). In addition, 

NHANES obtained written informed consent from all participants. No additional 

institutional ethics review board authorization is required for secondary analysis [19]. 

Methodological details and the survey design of the NHANES can be found at 

https://www.cdc.gov/nchs/nhanes/index.htm.  

Statistical power calculations were not performed before the study, and the data 

were obtained from the available NHANES data. We conducted a cross-sectional 

study of American adults in the 1999-2004 NHANES survey, as this was the only 

cycle that included adult headache questionnaires. These data were combined in our 

analysis, which resulted in 31126 participants. Our study was limited to adults 20 

years of age or older. We excluded pregnant women and participants lacking critical 

information, such as severe headache or migraine and other missing data. The 
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present study included a final number of 7017 participants (Figure 1). 

2.2. Migraine classification 

Severe headache or migraine were determined by self-reporting as a component of the 

NHANES questionnaire. We categorized participants who answered “yes” into a 

group characterized as experiencing severe headache or migraines: “In the past 3 

months, have you had severe headache or migraine?” This assessment method is valid, 

and other researchers in the field have made similar determinations [20]. 

2.3. Dietary vitamin B6 and folate assessment 

Data on dietary vitamin B6 and folate intake were collected through a 24-hour recall 

survey. The survey utilized a retrospective dietary assessment method that provided 

detailed dietary and beverage consumption information within 24 hours. The 24-hour 

dietary recall interview information was obtained by verifying the computer-assisted 

dietary interview system from 1999 to 2002 and the United States Department of 

Agriculture (USDA) Automated Multiple-Pass Method (AMPM) from 2003 to 2004. 

Detailed dietary interview methods were available in the NHANES Dietary Interview 

Procedure Manual [21]. The dietary recall interviews were conducted in a private 

room of a Mobile Examination Center (MEC) by well-trained dietary interviewers 

fluent in Spanish and English. This study included all participants in the first 24-hour 

dietary review from 1999 to 2004 [22]. However, we could not utilize data on dietary 

supplements to assess vitamin B6 and folate intake.  

2.4. Covariates assessment 

Various covariates were evaluated based on previous literature [22-24]. According to 
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an established association or reasonable biological relationship, several covariates 

were selected and tested, including demographic covariates (age, sex, race, education 

level, marital status, and family income), lifestyle [smoking status, history of alcohol 

consumption], self-reported comorbidities (hypertension, diabetes, coronary heart 

disease and stroke) and dietary-related covariates (energy, protein, carbohydrate, and 

fat). Marital status was divided into married or living with a partner and living alone. 

The education level was classified as less than high school, completed high school or 

GED, and education beyond high school. According to a report by the US government, 

the poverty income ratio (PIR) divided family income into three categories: low 

(PIR≤1.3), medium (PIR>1.3 ~ 3.5), and high (PIR >3.5) [24]. Physical activity (PA) 

was defined as the product of metabolic equivalent value (MET) [25]. We calculated 

the level of physical activity based on the following formula: PA (MET-h/wk) = MET 

× frequency per week × duration of each physical activity [26]. 

2.5. Statistical analyses 

We conducted statistical analyses using R software (version 4.2.1). All statistical 

analyses (including summary and inferential statistics) were conducted using all of the 

two-year MEC exam weights based on the NHANES analysis guidelines [27]. 

Continuous variables were described by sample-weighted means (standard error, SE) 

or medians (interquartile range, IQR). Categorical variables were reported as 

sample-weighted percentages and frequencies. To compare differences between 

individuals with migraine and controls, independent samples t-tests (normal 

distribution), the Wilcoxon Mann Whitney test (skewed distribution) and the Chi 
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square test (categorical variables) were performed. We divided participants into four 

quintiles based on dietary vitamin B6 and folate intake. Multifactorial logistic 

regression was used to investigate the relationship between dietary vitamin B6 and 

folate consumption and the occurrence of migraine. The correlation results were 

expressed as OR (95% CI). We tested the linear trend by inputting the median value 

of each type of vitamin B6 and folate consumption as a continuous variable in the 

model. Then, potential modifications of the association between dietary vitamin B6 

and folate on migraine were estimated for the following variables: sex, age, family 

income, and education level. The synergistic interaction between high levels of 

vitamin B6 and folate intake associated with migraine was assessed by determining 

whether the evaluated joint effect of the two factors was greater than the sum of the 

independent effect of low levels of vitamin B6 and folate intake. RERI, AP and S 

were used to evaluate synergy. Additionally, RCS regression was used to explore the 

nonlinear relationship between dietary vitamin B6 and folate on migraine. Dietary 

vitamin B6 and folate consumption were used as continuous variables to participate in 

the model. Two-sided P values <0.05 indicated statistically significant difference. 

3. Results 

3.1. Baseline characteristic 

The basic characteristics of the included and excluded individuals are provided in the 

Supplementary Materials (Table S1). As shown in Table 1, this study included 1350 

adults (age ≥20 years) who experienced severe headache or migraine in the past three 

months. Compared to the participants without migraine, migraineurs tended to be 
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younger (40.70 vs. 45.86, P < 0.0001), and female (61.56% vs 44.39%, P < 0.0001). 

Participants who experienced migraine exhibited a lower education level, lower 

family income, lower protein consumption were more likely to drink, and were 

current smokers. The average daily intake of vitamin B6 and folate in migraineurs 

was significantly lower than the control group (P<0.0001). 

3.2. Association between dietary vitamin B6 and folate consumption and 

migraine 

The results of the multi-factor logistic regression models are shown in Table 2 and 

Table 3. There was a negative association between vitamin B6 intake and migraine 

(Table 2). In model 3, the adjusted OR values for dietary vitamin B6 intake and 

migraine in Q2 (1.14-1.65mg/day), Q3 (1.66-2.38mg/day) and Q4 (≥2.39mg/day), 

compared to individuals with lower vitamin B6 intake Q1 (≤1.13mg/day), were 0.85 

(95% CI: 0.69-1.05, P= 0.12), 0.84(95% CI: 0.65-1.09, P=0.18) and 0.66 (95% CI: 

0.47-0.89, P=0.01), respectively (p for trend <0.015). Given that the P values for Q4 

were statistically significant, we combined Q1-Q3 as a reference group. The OR 

values for vitamin B6 intake and migraine in Q4 (≥2.39mg/day), compared to 

individuals in Q1-Q3 (<2.38 mg/day), was 0.72 (95% CI: 0.59,0.93, P= 0.02). 

Dietary folate intake was inversely related to migraine history (Table 3). In 

model 3, The ORs for the association between quintiles of dietary folate and migraine 

were 0.86 (95% CI: 0.66-1.12, P = 0.23), 0.94 (95% CI: 0.76-1.18, P = 0.58) and 

0.57(95% CI: 0.42-0.78, P = 0.002), compared the Q2 (240.01-347ug/day), Q3 

(347.01-502ug/day) and Q4 (≥502.01ug/ day) quintiles of folate with the lowest 
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quintile (≤240 ug /day), respectively (p for trend <0.001). Similarly, we combined 

Q1-Q3 as a reference group. The OR values for folate intake and migraine in Q4 

(≥502.01ug/ day), compared to individuals in Q1-Q3 (<502ug/day), was 0.62 (95% CI: 

0.49-0.80, P< 0.001). 

In the RCS (Figure 2A), we observed a non-linear relationship between dietary 

vitamin B6 consumption and migraine (P = 0.03), using a reference point of 2.38 

mg/day. The OR value for the relationship between vitamin B6 and migraine 

decreased with increasing dietary vitamin B6 intake. When the vitamin B6 

consumption was higher than 2.38mg/day, the OR value was significantly lower than 

1.00. Results seen in Figure 2B indicate a non-linear relationship between dietary 

folate consumption and migraine (P = 0.002), using a reference point of 502 ug/day. 

Moreover, the prevalence of migraine declined with increasing dietary folate intake 

until it reached 853.2 ug/day, after which the risk of migraine reached a plateau. 

3.3. Stratified analysis 

Stratified analyses were performed in several subgroups to assess possible 

modifications on the effect of the relationship between dietary vitamin B6 and folate 

on migraine. After stratification by sex, age, family income and education level, no 

significant interactions were observed (Figure 3, Figure 4).  

3.4. Interaction between vitamin B6 and folate intake on migraine 

Results shown in Table 4 indicated that the interaction indicator RERI was 0.28 

(95%CI: 0.05-0.51), AP was 0.45 (95%CI: 0.05-0.86), and S was 0.58 (95%CI: 

0.40-0.83), revealing that the interaction of high levels of vitamin B6 and folate intake 
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on migraine was statistically significant and the effects were synergistic. Based on 

these results, after adjusting for the potential variables included in this study, the AP 

was 0.45, indicating that the interaction between high mass of vitamin B6 and folate 

intake could prevent 45% of migraines.  

4. Discussion 

In the present study, we utilized NHANES 1999–2004 data that included 7017 people 

to study the associations of vitamin B6 and folate intake with migraine and their 

interactions on migraine. Examination of dietary vitamin B6 and folate intake 

revealed a negative association with severe headache or migraine. We also observed a 

non-linear relationship between dietary consumption of vitamin B6 and folate on 

migraine, using reference points of 2.38 mg/day and 502 ug/day, respectively. 

Moreover, we observed a synergistic interaction between high mass of vitamin B6 and 

folate intake on a lower risk of severe headache or migraine.  

There is considerable interest in using dietary interventions to prevent migraine 

and severe headache [28]. For example, vitamin B2 (riboflavin) and coenzyme Q10 

have been widely investigated, and supplementation with these nutrients has been 

shown to benefit migraine sufferers [29]. In this study, we found that vitamin B6 

intake was negatively associated with severe headache or migraine, after controlling 

for confounding factors. Bahrampour N et al. concluded that dietary vitamin B6 

intake was inversely related to migraine after analyzing data from 266 migraine 

patients in Iran and adjusting for confounding factors, which was consistent with the 

results observed in this study [30]. Another study reported that vitamin B6 
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supplementation reduced the prevalence of migraine disability and alleviated 

headache frequency and pain severity [31]. In addition, when using a dietary vitamin 

B6 consumption of 2.38 mg/day as a reference point, we found that the OR in the 

RCS was significantly lower than 1.00. Therefore, we recommend that adults 

consume more foods rich in vitamin B6, including liver, whole grain cereals, peanuts, 

and bananas, which might prevent migraines [8]. 

There is limited evidence for the association between folate intake and migraine 

in adults. In our study, we observed that dietary folate intake was significantly 

inversely associated with severe headache or migraine, after adjusting for 

confounding factors. A study of 141 adult Caucasians revealed that dietary folate 

intake was significantly negatively associated with migraine disability and frequency 

[32]. In 1969, the effect of folate supplementation on migraine was studied by Kopjas 

TL et al [33]. Among 31 adult migraineurs, 60% had complete relief of their headache 

after the first folate supplementation, and the remaining individuals required a second 

supplementation. Thus, the beneficial effects of folate intake on migraine were 

influential in proposing strategies to prevent migraines in adults. Furthermore, we 

observed that migraine prevalence declined with increasing dietary folate in the RCS, 

using a reference point of 502 ug/day. Therefore, we recommend that adults should 

consume more foods rich in folate, such as pulses, yeast, fruit, green leafy vegetables, 

liver and kidney [34]. 

The mechanism underlying our finding that there was a synergistic interaction 

between high mass of vitamin B6 and folate intake on migraine may be supported by 
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studies of homocysteine metabolism or mitochondria. Hcy is a highly reactive amino 

acid that causes endothelial damage by inhibiting the release of nitric oxide (NO) [35]. 

NO super-sensitivity may be associated with pain transmission, nociceptive 

hyperalgesia, chronic pain, inflammation, and central sensitization, it is primarily 

associated with the cyclic guanosine monophosphate (cGMP)-dependent pathway 

[36]. It is well known that migraine pain is mediated through activation of the 

trigeminovascular system (TVS). Endothelial dysfunction caused by 

hyperhomocysteinemia can lead to vascular and coagulation dysfunction [37]. These 

events might contribute to changes in cerebral blood flow and TVS activation. 

Furthermore, it has been reported that the firing rate of trigeminal neurons in response 

to pain increases with the application of D, L - homocysteic acid, a substance 

mimickings the action of homocysteine [38]. Moreover, vitamin B6 and folate are 

required for homocysteine metabolism (re-methylation to methionine requires folate 

and trans-sulfuration to cystathionine requires pyridoxine) [39]. Recently, related 

applications of phosphorus nuclear magnetic resonance spectroscopy have revealed 

changes in energy metabolism in the brains of migraine patients [40], indicating that 

an imbalance between brain energy requirements and ATP production exerts a key 

role in migraine. Because glycolysis is the primary form of energy production in the 

brain, mitochondrial energy production is closely associated with pathogenesis of 

migraine [41]. Several recent studies have elucidated that vitamin B6 and folate are 

involved in mitochondrial homeostasis and energy production [42-43]. Furthermore, 

several clinical studies have found consistent positive therapeutic effects of vitamin 
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B6 and folate in preventing and treating migraine in adults [15,44,45]. For instance, 

Askari G et al found that most migraine patients had better results in relieving 

headache symptoms after supplementation with folate and vitamin B6 in their study. 

In summary, moderate dietary vitamin B6 and folate intake might afford increased 

synergistic effects on migraine prevention. 

There are some limitations that must be taken into account in this study. At first, 

dietary data was obtained based on 24-hour recall, which has inherent limitations in 

the reliability and effectiveness of nutritional assessment. However, Prentice RL et al. 

reported that 24-hour recall might provide more detail about food types and quantities 

than food frequency surveys [46]. Also, we did not utilize data on dietary supplements 

to assess vitamin B6 and folate intake, because reliable and consistent information on 

dietary supplements was unavailable from the three NHANES cycles. Moreover, 

since the introduction of the mandatory folic acid food fortification in 1998, in the US 

food chain are present two different forms of folate, natural food folate and folic acid, 

which have different bioavailability. However, the dietary folate intake in this study 

has been presented as total folate rather than as dietary folate equivalents which takes 

into account that folic acid has 1.7 times higher bioavailability than natural food folate 

and by that way the current study might underestimates the actual folate intake. 

Secondly, the identification of migraine was limited to a single self-report 

questionnaire of migraine or severe headache. In addition, there were no data on other 

characteristics of the participants' migraine, such as severity or the presence of aura 

and other symptoms. Nonetheless, the results of this migraine assessment were 
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consistent with the findings of the American Migraine Prevalence and Prevention 

(AMPP) study. That study indicated that 17.4% of participants reported “severe 

headache”, of which 11.8% met the International Headache Disorder Type II (ICHDII) 

criteria for migraine, 4.6% met the criteria for “possible migraine” and only 1% were 

identified as “other severe headache” [47]. Thus, these data provide meaningful 

insight into the otherwise lack of epidemiologic data linking diet and migraine. Third, 

this study was conducted among American adults and excluded special groups such as 

minors. Therefore, we were unable to analyze special populations or other races, 

which resulted in insufficient extrapolation power for this study. Therefore, additional 

evidence is needed to validate the generalizability of these results. Also, we could not 

remove the effect of nonrandom missing data on the results due to baseline 

differences between included and excluded individuals. Finally, our study was 

cross-sectional, meaning causal inferences could not be made.  

This study presented several advantages. First, this study provided 

epidemiological evidence of the significant association between dietary vitamin B6 

and folate intake on migraine in a representative general population across the United 

States. Second, we provided reliable correlations by adjusting for multiple 

confounders in our statistical analyses. Stratified analyses were performed in several 

subgroups to identify existing differences. Furthermore, we evaluated the 

dose-response effect of dietary vitamin B6 and folate on migraine and provided 

practical recommendations. Third, no previous studies on the interaction between 

vitamin B6 and folate intake on migraine have been published. This study indicated a 
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possible synergistic effect between a high level of vitamin B6 and folate intake. 

5. Conclusion  

This study indicated that high vitamin B6 and folate intakes (vitamin B6 intake ≥ 2.39 

mg/day and folate intake ≥ 502.01ug/day) were significantly related to lower odds of 

severe headache or migraine using NHANES data from 1999-2004. Moreover, we 

found that high vitamin B6 and folate intakes exhibited a synergistic interaction in 

lowering the risk of migraine. Therefore, adults could appropriately increase vitamin 

B6 and folate intake to prevent migraine. Although adjusting dietary habits requires 

considerable motivation, such efforts could be effective and worthwhile in preventing 

migraine. 

Acknowledgment 

Authors have no acknowledgments to declare. 

Sources of Support  

This study was supported by the National Natural Science Foundation of China (Grant 

numbers:82160227), Natural Science Foundation of Jiangxi Province (Grant numbers: 

20224BAB206036), Jiangxi Provincial Department of Education Science and 

Technology Program Project (Grant numbers: GJJ210125), and Jiangxi Province 

Postgraduate Innovation Special Fund (Grant numbers: YC2022-B065). 

CRediT authorship contribution statement  

Sheng Tian: Conceptualization, Methodology, Formal analysis, Writing – original 

draft, Visualization. Xin-Ping Yu: Conceptualization, Software, Writing – review & 

editing. Lan-Xiang Wu: Validation, Data curation. He-Qing Zheng: Software, 

                  



18 

 

Visualization. Xian-Hui Zhong: Formal analysis, Software. Yong-Gang Xie: 

Validation. Wei Wu: Writing – review & editing, Supervision, Project administration, 

Funding acquisition. 

Author Declarations 

None. 

REFERENCES 

[1] GBD 2016 Headache Collaborators. Global, regional, and national burden of 

migraine and tension-type headache, 1990–2016: A systematic analysis for the 

Global Burden of Disease Study 2016. Lancet Neurol. 2018; 17: 954–976. doi: 

10.1016/S1474-4422(18)30322-3. 

[2] Lipton RB, Stewart WF, Diamond S, Diamond ML, Reed M. Prevalence and 

burden of migraine in the United States: data from the American Migraine Study 

II. Headache. 2001; 41:646-57. doi: 10.1046/j.1526-4610.2001.041007646. x. 

[3] Zheng H, Tian S, Wu L, Zhong X, Liu M, Yu X, et al. Dietary zinc intake in 

relation to migraine among adults: a cross sectional study of NHANES 

1999-2004. Nutr Neurosci. 2023; 4:1-10. doi: 10.1080/1028415X.2023.2243678. 

[4] Zhao L, Yin J, Li X, Lu X. Association between selenium intake and migraine: a 

nationwide cross-sectional study. Front Neurosci. 2023;18: 17:1176349. doi: 

10.3389/fnins.2023. 

[5] Gazerani P. Migraine and diet. Nutrients. 2020; 12:1658. doi: 

10.3390/nu12061658. 

[6] Hindiyeh NA, Zhang N, Farrar M, Banerjee P, Lombard L, Aurora SK. The role 

                  



19 

 

of Diet and Nutrition in Migraine Triggers and Treatment: A Systematic 

Literature Review. Headache. 2020;60: 1300-1316. doi: 10.1111/head.13836. 

[7] Spinneker A, Sola R, Lemmen V, Castillo MJ, Pietrzik K, González-Gross M. 

Vitamin B6 status, deficiency and its consequences--an overview. Nutr Hosp. 

2007; 22:7-24.  

[8] Badrfam R, Mostafavi SA, Khaleghi A, Akhondzadeh S, Zandifar A, Farid M, et 

al. The efficacy of vitamin B6 as an adjunctive therapy to lithium in improving 

the symptoms of acute mania in patients with bipolar disorder, type 1; a 

double-blind, randomized, placebo-controlled, clinical trial. Brain Behav. 2021; 

11: e2394. doi: 10.1002/brb3.2394. 

[9] Hering-Hanit R, Gadoth N, Yavetz A, Gavendo S, Sela B. Is blood homocysteine 

elevated in migraine? Headache. 2001; 41:779-81. doi: 

10.1046/j.1526-4610.2001.01143. x. 

[10] Menon S, Lea RA, Roy B, Hanna M, Wee S, Haupt LM, et al. Genotypes of the 

MTHFR C677T and MTRR A66G genes act independently to reduce migraine 

disability in response to vitamin supplementation. Pharmacogenet Genomics. 

2012; 22:741-9. doi: 10.1097/FPC.0b013e3283576b6b. 

[11] Yates Z, Lucock M. Interaction between common folate polymorphisms and 

B-vitamin nutritional status modulates homocysteine and risk for a thrombotic 

event. Mol Genet Metab. 2003; 79:201-13. doi: 10.1016/s1096-7192(03)00093-3. 

[12] Shaik MM, Tan HL, Kamal MA, Gan SH. Do folate, vitamins B₆  and B₁ ₂  play 

a role in the pathogenesis of migraine? The role of pharmacoepigenomics. CNS 

                  



20 

 

Neurol Disord Drug Targets. 2014;13: 828-35. doi: 

10.2174/18715273113129990112. 

[13] Sadeghvand S, Barzegar M, Shiva S, Tarmahi V, Hamed H, Rahimi Khamaneh E, 

et al. The effects of vitamin B-complex supplementation on serum homocysteine 

levels and migraine severity in children a randomized controlled trial. Iran J Child 

Neurol. 2023; 17:143-155. doi: 10.22037/ijcn.v17i3.40053. 

[14] Christen WG, Cook NR, Van Denburgh M, Zaharris E, Albert CM, Manson JE. 

Effect of combined treatment with folic acid, vitamin B6, and vitamin B12 on 

plasma biomarkers of inflammation and endothelial dysfunction in women. J Am 

Heart Assoc. 2018;7: e008517. doi: 10.1161/JAHA.117.008517. 

[15] Askari G, Nasiri M, Mozaffari-Khosravi H, Rezaie M, Bagheri-Bidakhavidi M, 

Sadeghi O. The effects of folic acid and pyridoxine supplementation on 

characteristics of migraine attacks in migraine patients with aura: A double-blind, 

randomized placebo-controlled, clinical trial. Nutrition. 2017; 38:74-79. doi: 

10.1016/j.nut.2017.01.007.  

[16] Fila M, Chojnacki C, Chojnacki J, Blasiak J. Nutrients to improve mitochondrial 

function to reduce brain energy deficit and oxidative stress in migraine. Nutrients. 

2021; 13:4433. doi: 10.3390/nu13124433. 

[17] Yorns WR Jr, Hardison HH. Mitochondrial dysfunction in migraine. Semin 

Pediatr Neurol. 2013; 20:188-193. doi: 10.1016/j.spen.2013.09.002. 

[18] Zipf G, Chiappa M, Porter KS, Ostchega Y, Lewis BG, Dostal J. National health 

and nutrition examination survey: plan and operations, 1999-2010. Vital Health 

                  



21 

 

Stat 1. 2013; 56:1-37. 

[19] 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. 

[20] Evans EW, Lipton RB, Peterlin BL, Raynor HA, Thomas JG, O'Leary KC, et al. 

Dietary intake patterns and diet quality in a nationally representative sample of 

women with and without severe headache or migraine. Headache. 

2015;55(4):550-61. doi: 10.1111/head.12527. 

[21] National Health and Nutrition Examination Survey. MEC In-Person Dietary 

Interviewers Procedures Manual, 

http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/ dietary_mec.pdf; 2004 

[accessed 15 December 2022]. 

[22] Meng SH, Zhou HB, Li X, Wang MX, Kang LX, Fu JM, 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. 

[23] Li D, Guo Y, Xia M, Zhang J, Zang W. Dietary intake of thiamine and riboflavin 

in relation to severe headache or migraine: a cross-sectional survey. Headache. 

2022; 62:1133-1142. doi: 10.1111/head.14384. 

[24] Liu H, Wang L, Chen C, Dong Z, Yu S. Association between dietary niacin intake 

and migraine among American adults: National Health and Nutrition Examination 

Survey. Nutrients. 2022;14: 3052. doi: 10.3390/nu14153052. 

[25] Bo Y, Xu H, Zhang H, Zhang J, Wan Z, Zhao X, et al. Intakes of folate, vitamin 

                  



22 

 

B6, and vitamin B12 in relation to all-cause and cause-specific mortality: a 

national population-based cohort. Nutrients. 2022; 14:2253. doi: 

10.3390/nu14112253. 

[26] Tian X, Xue B, Wang B, Lei R, Shan X, Niu J, et al. Physical activity reduces the 

role of blood cadmium on depression: a cross-sectional analysis with NHANES 

data. Environ Pollut. 2022; 304:119211. doi: 10.1016/j.envpol.2022.119211. 

[27] National Health and Nutrition Examination Survey. Dietary Web Tutorial: Dietary 

Data Survey Design and Weighting: Weighting, 

https://www.cdc.gov/nchs/tutorials/Dietary/SurveyOrientation/SurveyDesign/Info

2.htm; 2003 [15 December 2022]. 

[28] Li H, Krall JR, Frankenfeld C, Slavin M. Nutritional intake of riboflavin (vitamin 

B2) and migraine: a cross-sectional analysis of the National Health and Nutrition 

Examination Survey (NHANES) 2001-2004. Nutr Neurosci. 2022; 29:1-10. doi: 

10.1080/1028415X.2022.2126760. 

[29] Bianchi A, Salomone S, Caraci F, Pizza V, Bernardini R, D'Amato CC. Role of 

magnesium, coenzyme Q10, riboflavin, and vitamin B12 in migraine prophylaxis. 

Vitam Horm. 2004; 69:297-312. doi: 10.1016/S0083-6729(04)69011-X. 

[30] Bahrampour N, Mirzababaei A, Yarizadeh H, Barekzai AM, Khorsha F, Clark 

CCT, et al. The relationship between dietary nutrients patterns and intensity and 

duration of migraine headaches. Br J Nutr. 2022; 17:1-8. doi: 

10.1017/S0007114522000046. 

[31] Lea R, Colson N, Quinlan S, Macmillan J, Griffiths L. The effects of vitamin 

                  



23 

 

supplementation and MTHFR (C677T) genotype on homocysteine-lowering and 

migraine disability. Pharmacogenet Genomics. 2009; 19:422-8. doi: 

10.1097/FPC.0b013e32832af5a3. 

[32] Menon S, Lea RA, Ingle S, Sutherland M, Wee S, Haupt LM, et al. Effects of 

dietary folate intake on migraine disability and frequency. Headache. 2015; 

55:301-9. doi: 10.1111/head.12490. 

[33] Kopjas TL. The use of folic acid in vascular headache of the migraine type. 

Headache. 1969; 8:167-170. doi: 10.1111/j.1526-4610. 1969. Hed 0804167.x. 

[34] Liew SC. Folic acid and diseases - supplement it or not. Rev Assoc Med Bras 

(1992). 2016; 62:90-100. doi: 10.1590/1806-9282.62.01.90. 

[35] Sutherland HG, Hermile H, Sanche R, Menon S, Lea RA, Haupt LM, et al. 

Association study of MTHFD1 coding polymorphisms R134K and R653Q with 

migraine susceptibility. Headache. 2014; 54:1506-14. doi: 10.1111/head.12428. 

[36] Thomsen LL, Iversen HK, Brinck TA, Olesen J. Arterial supersensitivity to nitric 

oxide (nitroglycerin) in migraine sufferers. Cephalalgia. 1993; 13:395-9. doi: 

10.1046/j.1468-2982.1993.1306395.x. 

[37] Stamler JS, Osborne JA, Jaraki O, Rabbani LE, Mullins M, Singel D, et al. 

Adverse vascular effects of homocysteine are modulated by endothelium-derived 

relaxing factor and related oxides of nitrogen. J Clin Invest. 1993; 91:308-18. doi: 

10.1172/JCI116187. 

[38] Storer RJ, Goadsby PJ. Microiontophoretic application of serotonin (5HT)1B/1D 

agonists inhibits trigeminal cell firing in the cat. Brain. 1997; 120:2171-7. doi: 

                  



24 

 

10.1093/brain/120.12.2171. 

[39] Dardiotis E, Arseniou S, Sokratous M, Tsouris Z, Siokas V, Mentis AA, et al. 

Vitamin B12, folate, and homocysteine levels and multiple sclerosis: a 

meta-analysis. Mult Scler Relat Disord. 2017; 17:190-197. doi: 

10.1016/j.msard.2017.08.004. 

[40] Lodi R, Tonon C, Testa C, Manners D, Barbiroli B. Energy metabolism in 

migraine. Neurol Sci. 2006; 27 Suppl 2: S82-5. doi: 

10.2174/0929867325666180622154411. 

[41] Borkum JM. Brain energy deficit as a source of oxidative stress in migraine: a 

molecular basis for migraine susceptibility. Neurochem Res. 2021; 46:1913–1932. 

doi: 10.1007/s11064-021-03335-9. 

[42] Hankey GJ, Eikelboom JW, Loh K, Tang M, Pizzi J, Thom J, et al. Sustained 

homocysteine-lowering effect over time of folic acid-based multivitamin therapy 

in stroke patients despite increasing folate status in the population. Cerebrovasc 

Dis. 2005; 19:110-6. doi: 10.1159/000082788. 

[43] Calderón-Ospina CA, Nava-Mesa MO. B vitamins in the nervous system: current 

knowledge of the biochemical modes of action and synergies of thiamine, 

pyridoxine, and cobalamin. CNS Neurosci Ther. 2020; 26:5-13. doi: 

10.1111/cns.13207. 

[44] Menon S, Nasir B, Avgan N, Ghassabian S, Oliver C, Lea R, et al. The effect of 1 

mg folic acid supplementation on clinical outcomes in female migraine with aura 

patients. J Headache Pain. 2016; 17(1):60. doi: 10.1186/s10194-016-0652-7. 

                  



25 

 

[45] Meijers JM, van Bokhorst-de van der Schueren MA, Schols JM, Soeters PB, 

Halfens RJ. Defining malnutrition: mission or mission impossible? Nutrition. 

2010; 26(4):432-40. doi: 10.1016/j.nut.2009.06.012. 

[46] Prentice RL, Mossavar-Rahmani Y, Huang Y, Van Horn L, Beresford SA, Caan B, 

et al. Evaluation and comparison of food records, recalls, and frequencies for 

energy and protein assessment by using recovery biomarkers. Am J Epidemiol. 

2011; 174:591-603. doi: 10.1093/aje/kwr140. 

[47] Buse DC, Loder EW, Gorman JA, Stewart WF, 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. 

 

 

 

 

 

 

 

 

 

 

                  



26 

 

Legends to Figures 

 

Fig. 1 Inclusion and exclusion flow chart. 
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Fig. 2 Restricted cubic spline analysis for the associations between dietary vitamin 

B6(A) and folate(B) intake on migraine odds ratio in the NHANES 1999–2004. 

Vitamin B6 and folate was treated as a continuous type variable for restricted cubic 

spline analysis. A nonlinear trend was found between vitamin B6 and folate intake on 
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migraine. Covariates included age, sex, marital status, race, education level, family 

income, smoking status, drinking status, hypertension, diabetes, stroke, coronary heart 

disease, energy consumption, protein consumption, carbohydrate consumption, fat 

consumption, MET. Solid line, OR; Shade, 95% CI. MET, metabolic equivalent value. 

 

Fig. 3 Interaction effects between folate intake and different subgroup (sex, age, 

family income, education level) for migraine in the NHANES 1999–2004. Folate 

intake did not interact with any other subgroup. Except the stratification variables 

themselves, each stratification factor was adjusted for all other variables (age, sex, 

marital status, race, education level, family income, smoking status, drinking status, 

hypertension, diabetes, stroke, coronary heart disease, energy consumption, protein 

consumption, carbohydrate consumption, fat consumption, MET). MET, metabolic 

equivalent value. 
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Fig. 4 Interaction effects between vitamin B6 intake and different subgroup (sex, age, 

family income, education level) for migraine in the NHANES 1999–2004. Vitamin 

B6 intake did not interact with any other subgroup. Except the stratification variables 

themselves, each stratification factor was adjusted for all other variables (age, sex, 

marital status, race, education level, family income, smoking status, drinking status, 

hypertension, diabetes, stroke, coronary heart disease, energy consumption, protein 

consumption, carbohydrate consumption, fat consumption, MET). MET, metabolic 

equivalent value. 
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Table 1. Baseline characteristics of participants in the NHANES 1999–2004.  

 
Total Migraine  Control  

 
n = 7017 n = 1350 n = 5667  

Characteristic 
Mean (SE) or 

n (%) 
a
  

Mean (SE) or 

n (%) 
a
  

Mean (SE) or 

n (%) 
a
  

P
b
 value 

Age, years, mean 44.79(0.34) 40.70(0.41) 45.86(0.39) < 0.0001 

Sex    < 0.0001 

Male 3781(52.06) 519(38.44) 3262(55.61)  

Female 3236(47.94) 831(61.56) 2405(44.39)  

Race    0.23 

Non-Hispanic white 4062(77.34) 726(74.89) 3336(77.98)  

Non-Hispanic black 1141(8.27) 234(9.04) 907(8.06)  
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Mexican American 1327(5.76) 288(6.69) 1039(5.52)  

Others 487(8.63) 102(9.38) 385(8.43)  

Marital status    0.19 

Living alone 2465(32.65) 503(34.29) 1962(32.22)  

Married or living with 

partner 
4552(67.35) 847(65.71) 3705(67.78)  

Education level    
< 0.001 

 

<High school 1624(13.96) 338(17.06) 1286(13.15)  

High school or GED 1705(25.58) 354(28.44) 1351(24.84)  

>High school 3688(60.46) 658(54.50) 3030(62.02)  

Family income    < 0.0001 

Low 1611(16.97) 393(23.84) 1218(15.17)  

Medium 2670(35.05) 531(37.94) 2139(34.29)  

High 2736(47.99) 426(38.22) 2310(50.54)  

Smoking    < 0.0001 

Never 3519(50.57) 694(50.23) 2825(50.66)  

Current 1557(24.13) 391(30.52) 1166(22.47)  

Former 1941(25.29) 265 (19.24) 1676(26.87)  

Drinking    0.02 

Never 826(10.45) 166(10.90) 660(10.34)  

Former 1273(15.02) 254(17.55) 1019(14.36)  

Mild 2483(36.16) 411(31.21) 2072(37.45)  

Moderate 1080(17.39) 228(17.86) 852(17.27)  

Heavy 1355(20.98) 291(22.50) 1064(20.58)  

Diabetes 572(5.55) 111(5.52) 461(5.56) 0.94 
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Hypertension 2098(25.02) 387(25.82) 1711(24.81) 0.4 

Coronary heart disease 319(3.30) 35(2.40) 284(3.54) 0.08 

Stroke 167(1.66) 33(2.13) 134(1.54) 0.17 

Energy(kcal/d) 
2289.86(15.81) 

 
2259.88(30.14) 2297.69(17.39) 0.26 

Fat consumption (g/d) 86.36(0.69) 85.37(1.28) 86.62(0.85) 0.44 

Protein consumption 

(g/d) 
85.09(0.72) 81.35(1.31) 86.07(0.74) < 0.001 

Carbohydrate intake 

(g/d) 
278.77(2.25) 283.13(4.58) 277.64(2.39) 0.26 

Folate consumption 

(ug/d) 
412.57(5.31) 380.01(7.55) 421.06(5.67) < 0.0001 

Vitamin B6 consumption 

(mg/d) 
1.94(0.02) 1.78(0.04) 1.98(0.02) < 0.0001 

MET 16.23(0.66) 16.58(1.10) 16.14(0.69) 0.69 

a
Unweighted sample size was used for the number of participants in different groups 

for the categorical variables, whereas the percentages as well as the means and 

standard errors of the continuous variables are the results calculated after weighted. 

b
p value was calculated by weighted independent t-test or wilcoxon mann whitney test 

for continuous variable and Chi-square test for categorical variables. 

Abbreviation: SE, standard error; MET, metabolic equivalent value. 

 

Table 2. Relationship between dietary vitamin B6 intake and migraine in adult in the 

NHANES 1999–2004.  

 
  

 OR (95% CI) 
   

Quartiles No.
d
 Model 1

a
 P value Model 2

b
 P value Model 3

c
 P value 

Dietary vitamin 

B6 (mg/day) 

 
     

 

Q1(≤1.13) 1756 1.00 (reference)  1.00 (reference)  1.00 (reference)  

Q2(1.14-1.65) 1753 0.78(0.66,0.93) 0.005 0.86(0.72,1.02) 0.09 0.85(0.69,1.05) 0.12 
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Q3(1.66-2.38) 1756 0.74(0.61,0.90) 0.003 0.85(0.69,1.06) 0.15 0.84(0.65,1.09) 0.18 

Q4(≥2.39) 1752 0.54(0.45,0.65) <0.0001 0.67(0.55,0.82) <0.001 0.66(0.47,0.89) 0.01 

P for trend - <0.0001 - <0.001 - 0.015 - 

Q1-Q3(<2.38) 

Q4(≥2.39) 

5265 

1752 

1.00 (reference) 

0.64 (0.55,0.75) 

    

<0.0001 

1.00 (reference) 

0.74(0.63,0.87) 

 

<0.001 

1.00 (reference) 

0.72(0.59,0.93) 

 

0.02 

a
Logistic regression using the minimum quantile as a reference. Adjusted for nothing. 

b
Logistic regression using the minimum quantile as a reference. Adjusted for age, sex. 

c
Logistic regression using the minimum quantile as a reference. Adjusted for age, sex, 

marital status, race, education level, family income, smoking status, drinking status, 

hypertension, diabetes, stroke, coronary heart disease, energy consumption, protein 

consumption, carbohydrate consumption, fat consumption, MET. 

d
Unweighted frequencies. 

Abbreviation: OR, odds ratio; CI, confidence interval; MET, metabolic equivalent 

value. 

 

 

Table 3. Relationship between dietary folate intake and migraine in adult in the 

NHANES 1999–2004. 

 
  

 OR (95% CI) 
   

Quartiles No.
d
 Model 1

a
 P value Model 2

b
 P value Model 3

c
 P value 

Dietary folate 

(ug/day) 

 
     

 

Q1(≤240) 1763 1.00 (reference)  1.00 (reference)  1.00 (reference)  

Q2(240.01-347) 1746 0.81(0.64,1.01) 0.06 0.85(0.68,1.07) 0.17 0.86(0.66,1.12) 0.23 

Q3(347.01-502) 1754 0.85(0.71,1.02) 0.07 0.96(0.80,1.16) 0.70 0.94(0.76,1.18) 0.58 

Q4(≥502.01) 1754 0.54 (0.45,0.66) <0.0001 0.63(0.51,0.77) <0.0001 0.57(0.42,0.78) 0.002 

P for trend - <0.0001 - <0.0001 - <0.001 - 
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Q1-Q3(<502) 

Q4(≥502.01) 

5263 

1754 

1.00 (reference) 

0.61(0.51,0.74) 

    

<0.0001 

1.00 (reference) 

0.67(0.56,0.81) 

 

<0.0001 

1.00 (reference) 

0.62 (0.49,0.80) 

 

<0.001 

a
Logistic regression using the minimum quantile as a reference. Adjusted for nothing. 

b
Logistic regression using the minimum quantile as a reference. Adjusted for age, sex. 

c
Logistic regression using the minimum quantile as a reference. Adjusted for age, sex, 

marital status, race, education level, family income, smoking status, drinking status, 

hypertension, diabetes, stroke, coronary heart disease, energy consumption, protein 

consumption, carbohydrate consumption, fat consumption, MET. 

d
Unweighted frequencies. 

Abbreviation: OR, odds ratio; CI, confidence interval; MET, metabolic equivalent 

value. 

 

 

 

 

 

 

Table 4. Additive interactions analysis of vitamin B6 and folate intake on migraine in 

adult in the NHANES 1999–2004.  

Vitamin B6 intake Folate intake Model 1  

 

Model 2  Model 3
a
  

  OR(95%CI) P value OR(95%CI) P value OR(95%CI) P value 

Low-level
b
 Low-level

c
 1.00 (reference)  1.00(reference)  1.00(reference)  

Low-level High-level 0.60(0.46,0.78) <0.001  

 

0.63(0.48,0.83) 

 

0.001 

 

0.62(0.48,0.82) 

) 

 

0.002 

 
High-level

d
 Low-level 0.66(0.52,0.84) 

 

0.001 

 

0.76(0.58,0.98) 

 

0.03 

 

0.72(0.53,0.97) 

 

0.04 

 
High-level High-level

e
 0.58(0.48,0.70) 

 

<0.0001 

 

0.66(0.55,0.79) 

 

<0.0001 

 

0.60(0.44,0.83) 

) 

 

0.004 

 
RERI (95%CI) 

 

 0.32(0.12,0.52) 

 

 0.28(0.04,0.51) 

 

 0.28(0.05,0.51) 

 

 

AP (95%CI) 

 

 0.55(0.19,0.91) 

 

 0.42(0.06,0.77) 

 

 0.45(0.05,0.86) 
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S(95%CI)  0.57(0.42,0.77) 

 

 0.55(0.37,0.83) 

 

 0.58(0.40,0.83) 

 

 

a
Logistic regression using the minimum quantile as a reference. Each analysis 

adjusted for age, sex, marital status, race, education level, family income, smoking 

status, drinking status, hypertension, diabetes, stroke, coronary heart disease, energy 

consumption, protein consumption, carbohydrate consumption, fat consumption, 

MET. 

b
Vitamin B6 intake <2.38mg/day 

c
Folate intake<502ug/day 

d
Vitamin B6 intake≥2.39mg/day 

e
Folate intake≥502.01ug/day 

Abbreviation: RERI, relative excess risk due to interaction; AP, attributable proportion 

of interaction; S, synergy index; MET, metabolic equivalent value. 
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Legend to Graphical Abstract 

Vitamin B6 and folate intake are associated with lower risk of severe headache or 

migraine in adults. Furthermore, a high level of vitamin B6 and folate intake may 

present a synergistic interaction in relieving migraine.  

 

                  


