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Background: Studies have shown that an antioxidant diet is a protective factor against migraine. However, the association between selenium, an important antioxidant consumed from the diet, and migraine has received little attention. The aim of this study was to explore the relationship between dietary selenium intake with migraine, with particular interest in age differences.

Methods: This study based on cross-sectional data from people who took part in the National Health and Nutrition Examination Survey (NHANES) between 1999 and 2004. The multiple logistic regression model was applied to examine the association between selenium intake and migraine, and subgroup analyses were performed. Non-linear associations were explored with restricted cubic spline (RCS) models.

Results: The study included a total of 9,849 adults aged 20 years and older. Compared with individuals with lowest selenium intake Q1 (≤59.4 ug/day), the adjusted OR values for selenium intake and migraine in Q2 (59.41–82.70 ug/day), Q3 (82.71–106 ug/day), Q4 (106.01–143.16 ug/day), and Q5 (≥143.17 ug/day) were 0.82 (95% CI: 0.64–1.05), 0.99 (95% CI: 0.77–1.26), 0.74 (95% CI: 0.54–0.99), and 0.68 (95% CI: 0.48–0.97), respectively. Sensitivity analyses showed a robust association between them. Our findings also suggested an interaction between age and selenium intake (p for interaction = 0.04). Additionally, the relationship between selenium intake and migraine in adults with 20–50 years was L-shaped. The OR of developing migraine was 0.97 (95% CI: 0.94–0.98) in individuals with selenium intake ≥101.9 ug/day in adults with 20–50 years.

Conclusion: A higher dietary selenium intake is significantly associated with a decreased prevalence of migraine, and age can modify the association between them. Therefore, the present study indicate that an appropriate intake of selenium-rich foods in adults aged 20–50 years may prevent migraines.
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1 Introduction

Migraine is a common neurological disorder that influences over 1 billion people worldwide and leaves approximately 45.1 million people with a long-term disability (1). Migraine is reported to be the leading cause of disability in adults under 50 years of age in terms of disability life expectancy (2). A number of studies have demonstrated gender differences in migraine. It is generally accepted that migraine is two to three times more common in females than males (3). Despite significant advances in the treatment of migraine, its pathophysiology remains unclear and the need for affordable, effective and safe methods of prevention remains high. Multiple medications are used to treat migraines, including triptans, ergots, anti-epilepsy drugs and antidepressants (4). However, these treatments, while effective, may lead to side effects such as dizziness, somnolence, fatigue, gastrointesyinal symptoms, and even cardiovascular disease (4). In recent years, complementary therapies such as vitamin supplementation have gained more attention, as they generally have few noticeable side effects apart from high-dose use (5). A number of studies suggested that migraine is correlated with nutrients, which may alleviate headache symptoms or reduce the prevalence of migraine (6–8). Therefore, exploring other potential diet nutrition related to migraine is necessary, which may aid in preventing or treating migraine.

Selenium is an essential micronutrient that is positively correlated with type 2 diabetes and negatively associated with the prevalence of coronary heart disease and cancer (9–11). Its deficiency has also been associated with neurological disorders and cognitive decline (12, 13). Selenium, mainly in the form of selenoprotein, inhibits oxidative damage in the brain and is involved in regulating inflammatory responses (14, 15). Nazıroğlu M et al. reported that oral selenium was administered to rat model of migraine, which protected against brain oxidative toxicity (16). Previous research indicated that the trinity of inflammation, mitochondrial dysfunction and oxidative stress might exert a role in the development of migraine (17, 18). However, there are no studies examining the association between dietary selenium intake and migraine in the general population.

Consequently, this study explored the relationship between dietary selenium intake and migraine in adults in a general population using data from the NHANES. We hypothesized that there was an inverse association between dietary consumption of selenium and migraine. Furthermore, subgroup analyses were conducted to assess possible effect modification of the relationship between dietary selenium intake and migraine. The restricted cubic spline (RCS) regression models were utilized to investigate the dose–response relationship.



2 Materials and methodology


2.1 Study design and population

The data analyzed in this cross-sectional study were obtained from the NHANES, administered by the Centers for Disease Control and Prevention. NHANES involved examinations, interviews, and questionnaires administered through home visits and mobile examination centers (MECs) to measure the health and nutritional history of the US population. The survey projects of NHANES were approved by the Ethics Review Committee of the National Center for Health Statistics.

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 for our analysis, which resulted in 31,126 participants. And our research was confined to adults aged 20 years or older. We eliminated pregnant women and participants with missing data, such as migraine questionnaires and dietary data. The final number of participants in this study was 9,849 (Figure 1).
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FIGURE 1
 Inclusion and exclusion flow chart.




2.2 Migraine classification

The outcome of migraine was assessed using self-reported data from the NHANES Miscellaneous Pain Questionnaire, where question MPQ090 asked, “In the past 3 months, did you have severe headaches or migraines?” Participants who answered ‘yes’ were classified as having migraine. And we can consider that the majority of participants with severe headache has migraine, which in accordance with the findings of the American Migraine Prevalence and Prevention (AMPP) study. The study showed that 17.4% of individuals reported “severe headache,” of which 11.8% met the International Headache Disorder Type II (ICHDII) criteria for migraine, 4.6% met the criteria for “probable migraine,” and only 1% were identified as “other severe headache” (19). The self-reported assessments of migraine are reasonably reliable in the general US population and have been utilized in previous epidemiological studies using data from NHANES (20, 21).



2.3 Dietary selenium assessment

Dietary intake data for selenium were extracted from the NHANES Dietary Interview - Total Nutrient Intake file. Nutrient data in this file were obtained by asking respondents about the types and amounts of food and beverages consumed in a 24-h period. Data from the 24-h dietary recall survey were acquired using 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. A detailed description of the dietary survey methodology can be found in the NHANES Dietary Interviewer Procedures Manual. In the 2003–2004 NHANES cycle, a second dietary recall interview was conducted by telephone 3–10 days later, whereas in 1999–2002 dietary data were only available from a first 24-h recall interview conducted in person. Hence, only the first 24 h of dietary data from 2003 to 2004 were included in this study to keep consistency with 1999–2002.



2.4 Covariates

Various potential covariates were evaluated based on the published literature (22–25). The present study incorporated the following demographic covariates: age, sex, race, educational level (<high school, high school, >high school), marital status (married, living alone) and family income. The poverty income ratio (PIR) classified family income into three categories: low (PIR ≤ 1.3), medium (PIR > 1.3 ~ 3.5) and high (PIR >3.5). Data on protein, energy and carbohydrate intake were obtained from 24-h food recalls. Body mass index (BMI) was calculated using a standardized technique based on weight and height. C-reactive protein (CRP) was quantified by latex-enhanced nephelometry. Drinking and smoking status was classified as never, current and former, according to previous descriptions in the literature. History of stroke, hypertension, coronary heart disease or diabetes was assessed as self-reported physician diagnosis of stroke, hypertension, coronary heart disease or diabetes.



2.5 Statistical analyses

Statistical power calculations were not conducted before the study, and the sample size was all available data from NHANES. Dietary weights, primary sampling units and strata information were used in the statistical analysis. For the joint analysis of the NHANES 1999–2000 and 2001–2002 data, we used the 4-year dietary weight (WTDR4YR) set. For the 2003–2004 data, we used the dietary day-one sample weight (WTDRD1) set. According to the analysis guidelines available on the NHANES website, we calculated sample weights for 1999–2004 = 2/3 of the 1999–2002 weight or 1/3 of the 2003–2004 weight. Continuous variables are presented as sample-weighted mean standard error, while categorical variables are presented as sample-weighted percentages and frequencies. One-way analyses of variance (continuous variables) and chi-squared tests (categorical variables) were used to compare differences between groups. Multiple logistic regression models were used to estimate odd ratios (ORs) with 95% confidence intervals (CIs) of migraine at different quintiles of dietary selenium. The lowest quintile of intake was used as the reference group. Potential modifications of the relationship between dietary selenium and migraine were then estimated for the following variables: sex, age (20–50, >50 years). In addition to dietary intake, supplements are an important source. To evaluate the effect of selenium supplements on migraine, a sensitivity analysis was conducted on participants who completed the supplementation survey. For the sensitivity analysis, we excluded participants with extreme energy intakes (<500 or > 5,000 kcal per day).

Restricted cubic spline (RCS) regression was further used to investigate the non-linear relationship between dietary selenium intake and migraine. After adjusting for all potential confounders, we applied a two-piece-wise logistic regression model with smoothing to investigate the threshold for the association between dietary selenium intake and migraine. Inflection points were identified using the likelihood ratio test and the bootstrap resampling method. All statistical analyses were performed using R software (version 4.2.1). Two-sided p-values <0.05 were considered statistically significant differences.




3 Results


3.1 Baseline characteristic

Supplementary materials (Supplementary Table S1) showed the general characteristics of the included and excluded individuals. The baseline characteristics of the 9,849 included participants based on their selenium intake quintile are demonstrated in Table 1. A total of 1963 participants with migraine, while 7,886 participants without migraine. The average age of the individuals in this study was 46.56 (0.31) years, and 4,848 (50.67) individuals were female. Participants who consumed more selenium often tended to be younger, male, non-Hispanic White, had a higher educational level, had a high family income, current drinking, had a lower incidence of hypertension and stroke, had higher consumption of energy, proteins and carbohydrates, and lower serum CRP levels. As indicated in Table 2, the findings of the univariate analysis demonstrated that age, sex, race, education, family income, smoking status, diabetes, stroke, BMI, protein intake and CRP were related to migraine.



TABLE 1 Population characteristics by categories of dietary selenium intake.
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TABLE 2 Relationship of covariates and migraine risk.
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3.2 Association between dietary selenium intake and migraine

The results of the multi-factor logistic regression models were demonstrated in Table 3. In the crude, dietary selenium intakes were significantly negative relationship with risk of migraine. After adjustment for age and sex, the results of model1 were similar to the crude. Compared to participants in the lowest quintile (Q1) of dietary selenium Consumption (≤59.4 ug/day), the adjusted ORs for migraine in Q2 (59.41–82.70 ug/day), Q3 (82.71–106.00 ug/day), Q4 (106.01–143.16 ug/day), and Q5 (≥143.17 ug/day) were 0.82 (95% CI: 0.64–1.05, p = 0.11), 0.99 (95% CI: 0.77–1.26, p = 0.92), 0.74 (95% CI: 0.54–0.99, p = 0.04), and 0.68 (95% CI: 0.48–0.97, p = 0.03) in the model 2, respectively.



TABLE 3 Association between dietary selenium intake and migraine.
[image: Table3]

In the restricted cubic spline analyses (Supplementary Figure S1), we found a non-linear association between dietary selenium intake and migraine (p < 0.001), using a reference point of 93.7 ug/day. The OR values for migraine decreased with increasing dietary selenium intake.



3.3 Sensitivity analysis

Selenium supplementation data are available only for NHANES 2001–2004; not for 1999–2000. Of the 9,849 individuals, 3,968 completed the selenium supplementation survey and 2050 reported having used supplements. The majority of individuals (52.88%, 1084/2050) used 20 ug/day of selenium supplements, so dividing this into quintiles was not feasible. Therefore, the individuals were divided into two groups based on the median selenium supplementation. The ORs for migraine in group 2 (supplemental intake >20 ug/day) compared to group 1 (supplemental intake: ≤20 ug/day) was 1.06 (95% CI: 0.68–1.66, p = 0.76). Compared to individuals in Q1 for total selenium intake (≤72.54 ug/day), the adjusted ORs for migraine in Q2 (72.55–100 ug/day), Q3 (100.01–133.12 ug/day), Q4 (133.13–199.40 ug/day) and Q5 (≥199.41 ug/day) were 1.02 (95% CI: 0.69–1.51, p = 0.92), 0.79 (95% CI: 0.52–1.19, p = 0.21), 0.69 (95% CI: 0.48–0.98, p = 0.04), 0.82 (95% CI: 0.48–1.38, p = 0.39), respectively (Table 4).



TABLE 4 Association of migraine with selenium intake among participants.
[image: Table4]

After excluding the participants with extreme energy intake, 9,598 individuals remained, and the relationship between dietary selenium intake and migraine remained stable. Compared with participants with lowest selenium intake Q1 (≤60.00 ug/day), the adjusted OR values for dietary selenium intake and migraine in Q2 (60.01–82.78 ug/day), Q3 (82.79–105.52 ug/day), Q4 (105.53–140.90 ug/day) and Q5 (≥140.91 ug/day) were 0.87 (95% CI: 0.67–1.10, p = 0.23), 1.00 (95% CI: 0.79–1.26, p = 0.99), 0.81 (95% CI: 0.61–1.06, p = 0.12) and 0.69 (95% CI: 0.49–0.98, p = 0.04), respectively (Supplementary Table S2).



3.4 Subgroup analysis

Subgroup analyses were performed in several subgroups to assess possible modifications on the effect of the association between dietary selenium intake and migraine. After stratification by sex and age, we observed a significant interaction between selenium intake and age (20–50 years) (Figure 2). The multivariate logistic regression model exhibited that the adjusted ORs for migraine were 0.88 (95% CI: 0.65–1.19), 0.97 (95% CI: 0.68–1.37), 0.66 (95% CI: 0.45–0.99) and 0.64 (95% CI: 0.41–0.99), respectively. Additionally, in the age > 50 years group, we observed that selenium intake was not related to the prevalence of migraine. And, we observed that no significant interactions in sex subgroups (Figure 2).
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FIGURE 2
 Effect of selenium intake on migraine in different subgroup (sex, age). Except the stratification variables themselves, each stratification factor was adjusted for all other variables (sex, age, marital status, race, education level, family income, smoking status, drinking, hypertension, coronary heart disease, stroke, diabetes, body mass index, energy, protein intake, carbohydrate intake, and C-reactive protein).


In the Figure 3, the restricted cubic spline also demonstrated that a L-shaped relationship between dietary selenium intake and migraine in the 20–50 years group (p < 0.001), using a reference point of 101.9 ug/day. The OR values for the association between selenium intake and migraine were decreased with increasing dietary selenium intake.

[image: Figure 3]

FIGURE 3
 Association between dietary selenium intake and migraine odds ratio in the 20–50 years group. The model was adjusted for sex, marital status, race, education level, family income, smoking status, drinking, hypertension, coronary heart disease, stroke, diabetes, body mass index, energy, protein intake, carbohydrate intake, and C-reactive protein.


In the threshold analysis, the OR for migraine was 0.97 (95% CI: 0.94–0.98, p = 0.04) in individuals with a selenium intake of ≥101.9 ug/day (Table 5). It means that the risk of migraine is reduced by 3% with every 1 ug increase in selenium intake. There was no relationship between selenium intake and migraine when the selenium intake<101.9 ug/day (Table 5). It means that the risk of migraine no longer reduced with increasing selenium intake.



TABLE 5 Threshold effect analysis of the association of selenium intake with migraine in adults with 20–50 years.
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4 Discussion

In the present study, we utilized NHANES 1999–2004 data that included 9,849 people to study the association between dietary selenium intake and migraine in American adults. Examination of dietary selenium intake revealed a negative association with migraine. The sensitivity analyses demonstrated a robust association between dietary selenium intake and migraine. And we found a non-linear association (p < 0.001) between dietary selenium intake and migraine in overall, and in the 20–50 years group (p < 0.001). In addition, age can modify the association between selenium intake and migraine. Especially, when selenium intake ≥101.9 ug /day, increased selenium intake was related to a lower risk of migraine in the 20–50 years group; this association was not observed in age > 50 years group.

The effect of selenium on migraine has only been reported in a few previous studies. A case–control study in Iran revealed that serum levels of selenium were significantly lower in migraine patients compared to healthy controls and that individuals with the lowest selenium levels were 11 times more likely to develop migraine than those with the highest selenium levels (26). A guideline from the Canadian Headache Society recommended moderate selenium supplementation to prevent migraines (27). In a double-blinded, randomized clinical trial involving 72 migraine patients, 200 μg/day of selenium supplementation for 12 weeks significantly reduced headache frequency and severity, and improved quality of life as measured by the Headache Impact Test-6 (HIT-6) (28). Selenium supplementation at this dose was generally well-tolerated, with no reported serious adverse effects in the clinical trial (28). While no significant adverse effects were observed in this study, excessive intake of selenium can lead to selenosis, characterized by symptoms such as hair loss, brittle nails, poor dental health, skin disorders, neurological disturbances and even paralysis (29). In our research, we found that the higher intake of selenium was negatively associated with migraine. Furthermore, we also performed sensitivity analyses to assess the relationship between selenium supplementation and migraine. There was no relationship between selenium supplementation and migraine; however, when dietary and supplemental selenium intake were combined, there was an inverse relationship between total selenium intake and migraine. Also, after excluding the participants with extreme energy intake, the robust association between them remained. Further researches are needed to verify these findings.

The findings of our cross-sectional study provide new insights. First of all, we offered epidemiological evidence of relationship between dietary selenium intake and migraine in a representative general population, compared to published studies with small samples. Secondly, we observed that there was an interaction between age and selenium intake (p for interaction = 0.04). A higher selenium intake level was related to a decreased risk of migraine in participants with 20–50 years. It is well known that the main factor affecting selenium levels in the body is dietary habits, especially the consumption of selenium-rich foods such as red meat, fish and dairy products (30). In the elderly (aged over 50), lower energy intake and consequently lower selenium intake (31). In addition, selenium-rich food sources are also protein-rich, which can be difficult for older individuals to purchase, prepare or consume (32, 33). As a result, differences in dietary patterns in different age groups lead to the possibility that selenium may have different effects on the onset of migraine. And our findings also showed that lower dietary intake of selenium tended to be older. Therefore, participants aged 20–50 years may have higher selenium absorption than participants over 50 years, which may be the reason why dietary selenium was associated with migraine only in participants aged 20–50 years. The negative association between selenium intake and migraine in individuals with 20–50 years was important to propose an individualized strategy for migraine prevention in adults. Based on the results of the threshold analysis, we recommend that adults should consume moderate amounts of selenium-rich foods.

Although the biological mechanism of the inverse relationship between selenium intake and migraine is still to be explored, our results are biologically plausible based on the available evidence. Various mechanisms have been discovered to explain these relationships. In recent years, the importance of oxidative stress in migraine has been considered. Oxidative stress is one of the molecular changes in the pathogenesis of migraine, and its role in migraine is crucial duo to it stimulates transient receptor potential subfamily A member 1 (TRPA1) ion channels on meningeal pain receptors and produces neuroinflammation (34–36). Selenium is incorporated, as a trace element, into selenoproteins, which are found in the brain (37). Selenoproteins, such as glutathione peroxidases (GPx), thioredoxin reductases (TrxRs), or selenoprotein P (SelP) have antioxidant activity; exert a key role in maintaining the physiological function of the nervous system (38). And selenium as an antioxidant showed protective effects in an animal model of glyceryl trinitrate-induced migraine (16). Selenium protects against nitroglycerin-induced brain oxidative toxicity by inhibiting free radicals and regulating microsomal membrane Ca(2+) -ATPase activity, as well as supporting antioxidant REDOX systems (16). In addition, some cytokines contribute to inflammation, pain threshold modulation and trigeminal nerve fiber sensitization, which may contribute to migraine attacks (39). However, selenium affects the synthesis of several inflammatory factors, such as IL-6, IL-8, IL-12 cyclooxygenase-2, IL-10 and TGF-β (40). Thus, these revealed that the antioxidant and anti-inflammatory properties of selenium may contribute to its beneficial effects on migraine.

There are some limitations that must be taken into account in this study. At first, this study is based on data from 1999 to 2004. However, it was used because NHANES did not collect data on migraine after 2004. While the data may not fully reflect current food consumption patterns, it is still highlighted in the most recent 2015–2020 Dietary Guidelines for Americans, that inadequate selenium intake remains prevalent in the US Population (41). And the identification of migraine was limited to a single question of migraine or severe headache within the past 3 months. In addition, there were no data on other characteristics of participants’ migraine, such as severity or the presence of aura and other symptoms. Nonetheless, previous studies have supported the consistency of this migraine assessment with criteria for migraine and possible migraine, as well as others who have published articles on migraine with this dataset on the basis of supporting data from the American Migraine Prevalence and Prevention Study (19, 25, 42). Thus, these data provide meaningful insight into the otherwise lack of epidemiologic data linking diet and migraine. Secondly, we cannot eliminate the effect of nonrandom missing data on the results because of baseline differences between included and excluded participants. Third, the number of individuals included a large group (≥20 years old). Also, this study was performed in United States population, and the results might not be extended to other populations. Finally, our study was a cross-sectional study, which meant that causal inferences cannot be made. Therefore, we will need to conduct the prospective cohort study to obtain further accurate evidence.



5 Conclusion

In conclusion, our study revealed an inverse relationship between selenium intake and migraine incidence, indicating that higher selenium intake is associated with a lower risk of migraines. Notably, this negative correlation was more pronounced among participants aged 20–50 years. However, the overall findings suggest that adequate selenium intake may be a beneficial dietary strategy for migraine prevention across different age groups. Future research should further explore the mechanisms underlying this association and investigate the potential impact of selenium on other age groups as well.
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