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Background: Migraine is a prevalent neurovascular headache disorder. The link between dietary potassium and blood pressure has been established. We sought to delineate the relationship between dietary potassium intake and the prevalence of migraines.

Methods: We conducted a cross-sectional analysis using data from the National Health and Nutrition Examination Survey (NHANES) spanning 1999–2004, comprising 10,254 participants aged ≥20 years. Participants who reported severe headaches or migraine in the self-report questionnaire were identified as migraineurs. A 24-h dietary recall methodology was used to assess dietary potassium intake. Multivariate regression analysis and restricted cubic spline (RCS) modeling were utilized to elucidate the relationship between dietary potassium and migraines.

Results: Among the 10,254 participants, 20.1% were identified with migraine or severe headaches. The adjusted odds ratio (OR) for migraine occurrence in the Q2 dietary potassium intake (1771–2,476 mg/d) was 0.84 (95% CI: 0.73–0.97, p = 0.021) compared to the lowest quartile (Q1, ≤ 1771 mg/d). The relationship between dietary potassium and migraine exhibited an L-shaped pattern (non-linear, p = 0.016) with an inflection at approximately 1439.3 mg/d. In the subgroup analysis, when compared to Q1, who had the lowest dietary potassium intake, the adjusted OR for Q2 in females, those in the medium-high household income group, and with a Body Mass Index (BMI) ≥ 25 kg/m2 were as follows: (OR, 0.82; 95% CI, 0.69–0.98), (OR, 0.79; 95% CI, 0.66–0.95), and (OR, 0.78; 95% CI, 0.66–0.93), respectively. No significant interaction was observed across groups after adjusting for all possible covariates.

Conclusion: The relationship between dietary potassium intake and migraine prevalence among US adults appears to follow an L-shaped curve.
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Introduction

Migraine is a debilitating neurological disorder associated with significant pain that affects more than a billion people worldwide, stands as a notable cause of global disability (1, 2), and bears the greatest burden among all diseases (3). According to a global survey, migraine is the second primary contributor to neurological disability (4) and profoundly impacts the quality of life of those affected (5). Migraine is a neurovascular disorder with poor medication tolerability (6). Some research indicates that specific dietary nutrients can exacerbate or reduce migraine attacks (7–9), so other nutrients must be investigated to prevent migraine attacks.

Potassium, pivotal for processes, upholds cellular homeostasis and functionality via an array of potassium channels and is instrumental in sensory transmission pathways. Earlier research has illuminated the linkage between migraines and blood pressure, underscoring the antihypertensive effects of dietary potassium. Migraine pathogenesis remains enigmatic. Yet, contemporary studies have unveiled associations with Two-Pore-Domain potassium (K2P) channels and ATP-sensitive potassium channels (KATP channels) (10–13), furnishing novel therapeutic targets to mitigate migraine frequency and intensity. Nonetheless, the nexus between dietary potassium and migraine remains inadequately explored.

Bridging this knowledge gap, we utilized the NHANES database to scrutinize the association between dietary potassium intake and migraines. Further, we aimed to discern if this association varied according to age, gender, BMI, or household income.



Materials and methods


Data sources

This cross-sectional investigation harnesses data from the NHANES, orchestrated by the National Center for Health Statistics (NCHS) (14) and the US Centers for Disease Control and Prevention (CDC) (14). Featuring a sophisticated, multi-layered probabilistic design, NHANES assembles nutrition and health-related data from a representative cohort of the civilian, noninstitutionalized US populace. Questionnaires were used to collect relevant information and data on the health status of participants. For our analysis, we procured de-identified data on individuals aged 20 or older who reported severe headaches or migraines, spanning the NHANES 1999–2004 cycle. The NCHS Ethical Review Committee approved the NHANES (15), and participants furnished written informed consent before engagement. Subsequent analyses were exempt from additional Institutional Review Board scrutiny. NHANES data is publicly accessible on the NHANES website.1 Adherence to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines ensured rigorous methodological and reporting standards.



Study design and population

Our analyses were grounded on data amassed from participants across three 2-year NHANES cycles spanning 1999–2004. We implemented the following exclusion criteria to narrow our focus solely on participants with migraines: absence of data regarding dietary potassium intake, lack of demographic data (educational attainment, marital status, smoking habits, household income, physical activity levels, BMI), or absence of medical condition data (hypertension, diabetes mellitus, coronary heart disease, heart failure, angina, heart attack, stroke) and missing data for C-reactive protein (CRP).



Description of variables


Migraine assessment

Severe headaches or migraines were based on self-reports in the miscellaneous pain section of the NHANES questionnaire. Participants affirmatively responding to the question, “During the past 3 months, did you have a severe headache or migraine?” were classified as severe headache sufferers and migraineurs. Given that most individuals with severe headaches or migraines are diagnosed with migraines according to a specific study (16)., it is justified to label respondents reporting severe headaches or migraines in the survey as migraineurs.



Assessment of dietary potassium intake

Dietary potassium intake data was extracted from the NHANES nutritional survey utilizing 24-h dietary recalls. The indicated resources for details on specific data collection and calculation methodologies can be reviewed on the website (17, 18). The comprehensive automated recall system meticulously formulates standardized questions and food-specific response options. The Computer-Assisted Dietary Interview System (CADI) was employed to ascertain correct nutritional values based on individual food and beverage consumption, leveraging the Automated Multiple Pass Method (AMPM) from Agriculture (19). An individual’s daily dietary potassium intake was gauged by summing the potassium values from all reported daily consumables. Intake levels were categorized into quartiles with cut-off values of ≤1771 mg/d, 1771–2,476 mg/d, 2,476–3,373 mg/d, and ≥ 3,373 mg/d.



Assessment of other variables

Drawing upon existing literature (8, 20–22), critical potential variables include demographic attributes (age, gender, ethnicity, educational attainment, marital status, family income), lifestyle factors (smoking habits, physical activity levels), comorbidities (hypertension, diabetes, stroke, coronary heart disease, heart failure, angina, heart attack), dietary evaluations (intakes of energy, protein, carbohydrates, fats, sodium, magnesium), physical examinations (body mass index), and laboratory investigations (such as CRP). These variables were classified according to insights from prior studies (8, 9, 21, 22). The multi-pass technique was deployed to compute dietary intakes of potassium, sodium, and magnesium based on a 24-h dietary recall (23).



Statistical analysis

This research constitutes a secondary analysis of publicly accessible datasets. Sociodemographics, physical activity, health status, and dietary intake were delineated for the entire cohort and varying levels of dietary potassium intake (sorted into quartiles). Continuous variables were represented by means and standard deviations, while categorical variables were expressed via counts and frequencies. Continuous variables were analyzed using either the One-way ANOVA or the Kruskal-Wallis test based on their adherence to a normal distribution, whereas categorical variables were examined through ANOVA. The OR and 95% CI concerning the relationship between dietary potassium intake and migraines were evaluated using multivariable logistic regression, benchmarking against the lowest quartile of dietary potassium intake, through model adjustment. Model 1 was adapted to encompass sociodemographic variables like age, gender, and ethnicity. Model 2 expanded upon Model 1 by integrating lifestyle, CRP, and comorbidities. Model 3 included variables related to dietary intake in addition to those adjusted in Model 2.

To investigate the non-linear dynamics between dietary potassium intake and migraines, we employed a restricted cubic spline (RCS) and adjusted it according to Model 3 variables (Figure 1). Additionally, stratified analysis was conducted across diverse groups to validate the robustness of the findings.
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FIGURE 1
 Association between dietary potassium intake and migraine odds ratio. The solid and dashed lines represent the predicted values and 95% confidence intervals, adjusted for all covariates. 99% of the data is shown.


All statistical analyses were executed using R (version 4.1.1) and Free Statistics software version 1.7. A value of p less than 0.05 was deemed indicative of statistical significance.





Results


Study population

From the NHANES 1999–2004 dataset, 15,320 individuals completed the migraine questionnaire. We excluded participants missing dietary potassium data (n = 1881), those without key covariate information (n = 2,591), and pregnant individuals (n = 594). This study yielded a final cohort of 10,254 participants. The inclusion and exclusion process is detailed in Figure 2.

[image: Figure 2]

FIGURE 2
 Flowchart of patient enrollment.




Characteristics of the participants

We categorize the included participants into four groups based on quartiles of dietary potassium intake and present their baseline characteristics, as shown in Table 1. Among them, 2,065 participants (20.1%) reported experiencing migraines. The cohort’s average age was 50.5 years, with 5,091 (49.6%) females. Individuals with higher potassium intake were observed to be predominantly male, younger, non-smokers, of lighter weight, non-Hispanic white, better educated, with higher income, and consumed greater amounts of energy, protein, carbohydrates, fats, sodium, and magnesium. Most were either married or cohabiting, and a comparatively lower prevalence of comorbidities was noted.



TABLE 1 Population characteristics by categories of dietary potassium intake.
[image: Table1]



Association between dietary potassium intake and migraine

Most of the covariates in the univariate analysis demonstrated an association with migraine (Supplementary Table S1). Subsequent multivariate logistic regression analyses were performed, adjusting for all covariates to discern the relationship between potassium (segmented by quartiles) and migraine (Table 2). Upon controlling for potential confounders in the multivariate regression analysis model 3, the OR for the Q2 group (1771–2,476 mg/day) stood at 0.84 (95% CI: 0.73–0.97) compared to the Q1 group (≤ 1771 mg/day). The RCS depicted an L-shaped curve for the relationship between dietary potassium and migraine, suggesting non-linearity (p = 0.016) (Figure 1).



TABLE 2 Association between dietary potassium intake and migraine.
[image: Table2]

In the threshold evaluation, the inflection point value for dietary potassium was determined at 1439.3 mg/day (dietary potassium as a continuous variable, with OR value calculated per 100 mg/d decrease) with an OR of 0.952 (95% CI: 0.906–1) (Table 3). This result inferred that with every 0.1 g increment in daily potassium intake, migraine occurrence was reduced by 4.8%. Beyond the 1439.3 mg/day mark, dietary potassium’s association with migraine vanished, indicating that escalating potassium intake did not further diminish migraine prevalence (Table 3). The discrepancy between the dietary potassium threshold and the recommended intake is presented in Supplementary Table S2.



TABLE 3 Threshold effect analysis of the relationship of potassium intake with migraine.
[image: Table3]



Subgroup analyses

Subgroup evaluations were conducted to gauge the effect of specific variables (like gender, age, family earnings, and BMI) on the relationship between dietary potassium and migraine (Table 4). No associations were discerned across the subgroups, and no substantial interaction effects emerged among them.



TABLE 4 Subgroup analysis by dietary potassium intake.
[image: Table4]




Discussion

This cross-sectional study unveiled an L-shaped correlation between potassium intake and migraine, pinpointing a transition threshold at approximately 1439.3 mg/day. Compared to the participants in group Q1, those in group Q4 in the unadjusted model, as well as those in Q4 of model 1 (after adjusting for age, ethnicity, and gender), had a lower risk of migraine prevalence, with odds ratios (OR) of 0.68 (95% CI: 0.59–0.77) and 0.85 (95% CI: 0.74–0.99), respectively. Those in the Q2 group, with elevated potassium consumption, showed diminished migraine risks (OR:0.84; 95%CI: 0.73–0.97) compared to Q1, after adjusting for demographic data, lifestyle habits, comorbidities, and nutritional intake. After adjusting for pertinent confounders and executing an inflection point analysis, it was determined that when the dietary potassium intake was less than 1439.3 mg/day, the prevalence of migraines diminished progressively with increasing potassium intake. However, once dietary potassium intake exceeded or equaled 1439.3 mg/day, the prevalence of migraines remained stable despite further increases in potassium intake. Both the subgroup and sensitivity analyses, adjusted for confounders, affirmed this observed relationship. To our understanding, this is the pioneering cross-sectional study within the U.S. adult demographic probing the connection between dietary potassium and migraine.

Dietary micronutrients are pivotal, underpinning numerous metabolic processes. Potassium is crucial for sustaining regular human metabolism. It is the predominant cation within cellular structures, vital for maintaining the standard form and function of cells. However, this study found that many American adults consume less potassium than the recommended daily intake, a deficiency particularly noticeable in women (Table 1), consistent with previous studies (24, 25). This discrepancy can be attributed to Western dietary habits. Predominantly found in fruits and vegetables and only in trace amounts in grains, potassium intake in Western diets is often compromised due to a higher grain consumption at the expense of fruits and vegetables. Elevated potassium intake has proven beneficial for reducing blood pressure (26), and its increased consumption has been inversely related to numerous chronic diseases. Existing research suggests a dietary potassium intake exceeding 3,500 mg/day as a proactive measure against hypertension. Dietary guidelines set by esteemed organizations such as the American Heart Association (AHA), the Institute of Medicine (IOM), the US Department of Health and Human Services, and the Department of Agriculture (USDA) unanimously advocate for potassium-rich food choices to mitigate adverse health outcomes (19, 27).

However, in this study, 7,996 individuals (78%) registered potassium intake levels below 3,500 mg/day, including 3,565 (44.6%) males and 4,431 (55.4%) females, a distinction statistically significant difference between the genders (p < 0.001) (Supplementary Table S2). Of the surveyed participants, 1,569 individuals (or 15.3% of the sample, with women comprising 65.8%) reported a potassium intake below the identified inflection point of 1439.3 mg/day. This result underscores that many Americans, especially women, might overlook the importance of dietary potassium and not meet the suggested daily intake. This oversight might contribute to the elevated prevalence of migraines in women compared to men. As illustrated in Table 1, daily dietary potassium intake is relatively lower among specific demographic groups, including women, older individuals, non-Hispanic blacks, those with limited education, individuals living alone, those with lower income, smokers, sedentary individuals, those with historical co-morbidities, and those with lower intake of energy, protein, fat, carbohydrate, and magnesium. Comprehensive multifactorial regression analyses were employed to mitigate potential confounder effects on the outcomes. Moreover, we conducted subgroup analyses supporting a consistent relationship between dietary potassium and migraines. Although these factors were considered, the potential influence of unobserved confounders cannot be entirely dismissed. In clinical settings, it’s essential to bolster healthcare awareness among these groups, emphasizing the significance of balanced nutrition and encouraging the inclusion of potassium-rich foods in daily diets. Such measures might reduce the national migraine prevalence, but more research is needed to confirm this.

The present study suggests that potassium may influence migraine. A study from the 1950s observed that sufferers excreted elevated levels of sodium and potassium in their urine, hinting at a potential connection between these electrolytes and migraine pathophysiology (28). Subsequent research has primarily focused on the relationship between sodium and migraine (24, 25, 29, 30). However, the role of potassium has largely remained unexplored, signifying a clear need for more detailed studies examining the correlation between dietary potassium and migraines.

A study assessing the correlation between 24-h urinary sodium and potassium intake with migraines within an Iranian sample discovered that elevated 24-h urinary sodium levels corresponded with migraines. However, the association between potassium intake and migraines was not statistically significant (25). In contrast, the present cross-sectional study identified a negative association between dietary potassium intake and the prevalence of migraines within the general U.S. population. This inverse relationship persisted even after adjustments for factors like ethnicity and gender. Additionally, when accounting for other potential confounders, such as education and medical history, the negative correlation between dietary potassium and migraine remained evident, albeit to a certain degree. Further stratified and sensitivity analyses reinforced this negative association, highlighting the stability of our findings, even after adjusting for relevant confounders, which offers a fresh perspective, supplementing insights from previous studies. To date, the relationship between dietary potassium and migraines remains under-investigated. Established research confirms that augmented dietary potassium intake can reduce blood pressure (26), and there’s a consistent association between migraines and blood pressure. Our results imply that an enhanced dietary potassium intake, within certain parameters, might mitigate migraines. This result could be attributed to its potential role in reducing blood pressure, curbing free radical formation, and inhibiting vascular smooth muscle proliferation. The pathophysiological mechanisms of migraine remain elusive. Numerous studies propose migraines emerge when oxidative stress levels surpass the body’s antioxidant capability to counteract such stress (31). Evidence suggests that dietary potassium’s protective influence on endothelial cells potentially prevents vascular damage from oxidative stress (32, 33). Migraines are predominantly perceived as neurovascular sensory threshold disorders (34). Various chemicals identified in human trials can precipitate migraines, with cephalic artery dilation (35–39) via the subsequent activation of vascular smooth muscle ATP-sensitive potassium (KATP) channels (40) being the most prevalent. The essential function of the ATPase enzyme lies in ensuring homeostasis and facilitating the intracellular movement of extracellular potassium (41). KATP channels are implicated in migraines (12), with the most compelling evidence being that the KATP channel opener, levcromakalim, can induce migraines, as demonstrated by Al-Karagholi et al. (10, 11). The body’s pain signal perception is intertwined with ion channel activity. Within this spectrum, the K2P channels are paramount and are viewed as a potential therapeutic target for migraine treatments (42–44). Moreover, imbalances in extracellular potassium homeostasis can instigate migraines with aura (45). Elevated extracellular potassium concentrations are associated with various disorders (46–48), including migraine (49). In general, cations are indispensable for brain functionality and have been pinpointed in the pathophysiology of various disorders, including migraines (50). Research has been done to assess the connection between 24-h urinary sodium and urinary potassium and migraine in an Iranian population (25). These results suggest that increasing dietary potassium may be critical in lowering migraine frequency.



Limitations

Several limitations of this study should be noted. First, the cross-sectional design of this research prohibits the establishment of a causal relationship between dietary potassium intake and migraine. Future studies employing a cohort design will be crucial for purpose. Second, our data was sourced from the NHANES database, which provides migraine-related information solely for the 1999–2004 cycle. Hence, we could not validate our findings across other cycles. Third, the participants comprised exclusively U.S. adults. Therefore, generalizing these findings to broader demographics might be challenging, given that factors like ethnicity, dietary habits, and educational background significantly influence the nexus between dietary potassium and migraines. Fourth, while we incorporated salient covariates from previous studies (8, 9, 21, 22, 51, 52), it’s essential to recognize that daily potassium intake is contingent on myriad factors. Despite considering elements previously associated with migraines, potential unmeasured confounders that were not addressed in our analysis might still exist. Fifth, potential recall bias is another limitation since dietary data stemmed from a 24-h self-reported dietary review. However, the NHANES dataset is reputed for its comprehensive and high-quality dietary information. Finally, the results of this study rely on self-reported data and, as such, aren’t definitively classifiable. Nevertheless, according to the American Migraine Prevalence and Prevention Study, 17.4% of respondents reported experiencing severe headaches. Within this subgroup, 11.8% satisfied the criteria for migraine diagnosis as per the International Classification of Headache Disorders (ICHD) (16), with an additional 4.6% meeting the criteria for probable migraines. Given the demographic resemblance of our study’s participants to population samples from epidemiological surveys, it’s plausible to deduce that most of those reporting migraines or severe headaches indeed suffer from migraines. Given these limitations, our subsequent research endeavors will employ more stringent headache classification criteria, categorize patients, and initiate prospective investigations to more accurately determine which type of migraine patients might benefit from augmented dietary potassium intake.



Conclusion

This research represents a pioneering effort to elucidate the L-shaped correlation between dietary potassium intake and migraines, highlighting an inflection point at 1439.3 mg/day. The findings underscore the potential prophylactic benefits of increasing dietary potassium to thwart migraines.
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