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Objective: The important contribution of dietary triggers to migraine pathogenesis has been recognized. However, the potential causal roles of many dietary habits on the risk of migraine in the whole population are still under debate. The objective of this study was to determine the potential causal association between dietary habits and the risk of migraine (and its subtypes) development, as well as the possible mediator roles of migraine risk factors.

Methods: Based on summary statistics from large-scale genome-wide association studies, we conducted two-sample Mendelian randomization (MR) and bidirectional MR to investigate the potential causal associations between 83 dietary habits and migraine and its subtypes, and network MR was performed to explore the possible mediator roles of 8 migraine risk factors.

Results: After correcting for multiple testing, we found evidence for associations of genetically predicted coffee, cheese, oily fish, alcohol (red wine), raw vegetables, muesli, and wholemeal/wholegrain bread intake with decreased risk of migraine, those odds ratios ranged from 0.78 (95% CI: 0.63–0.95) for overall cheese intake to 0.61 (95% CI: 0.47–0.80) for drinks usually with meals among current drinkers (yes + it varies vs. no); while white bread, cornflakes/frosties, and poultry intake were positively associated with the risk of migraine. Additionally, genetic liability to white bread, wholemeal/wholegrain bread, muesli, alcohol (red wine), cheese, and oily fish intake were associated with a higher risk of insomnia and (or) major depression disorder (MDD), each of them may act as a mediator in the pathway from several dietary habits to migraine. Finally, we found evidence of a negative association between genetically predicted migraine and drinking types, and positive association between migraine and cups of tea per day.

Significance: Our study provides evidence about association between dietary habits and the risk of migraine and demonstrates that some associations are partly mediated through one or both insomnia and MDD. These results provide new insights for further nutritional interventions for migraine prevention.
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1. Introduction

Migraine, mainly including migraine with aura (MA) and migraine without aura (MO) (1), is the second most common neurological disorder worldwide (2) with the overall prevalence of around 15–20% (3), contributing 45.1 million years lived with disability and 5.6% of the global disease burden (4, 5). Identification of modifiable risk factors that are causally related to migraine could contribute to the understanding of its pathogenesis and suggest directions for migraine prevention. As important elements of modifiable lifestyle, dietary habits have been shown as important triggers for migraine in abundant epidemiological observational studies (6, 7). However, most studies proposed potential dietary triggers for migraine attacks among patients with migraine, those potential causal factors for migraine development in the whole population were less studied. In addition, controversy and uncertainty widely exist in this field (6, 8), since the results obtained from observational studies are potentially biased by residual confounding and reverse causality.

Mendelian randomization (MR) using genetic variants associated with a risk factor as an instrumental variable can provide causal evidence for the association of risk factor on the health outcome. While several MR studies have provided a protective role of some dietary habits, including alcohol and coffee consumption (9), on risk of migraine, uncertainty persists about the potential causal role of other dietary habits for the development of migraine, such as the intake of different bread types and milk, etc. In addition, migraine might also influence the intake of dietary habits (8), this emphasized a potential bidirectional relationship between diet and migraine. To the best of our knowledge, a systematic and comprehensive collection of association between diet and migraine has not been established yet.

Moreover, the potential pathways involved in the association from dietary habits to migraine have not been studied. Existing evidence from MR studies suggests the potential causal association between several risk factors [including systolic blood pressure (SBP) (10), diastolic blood pressure (DBP) (10), serum total calcium (11), neuroticism (10), difficulty awakening (12), insomnia (12)], anxiety (13) and migraine, as well as major depression disorder (MDD) on headache (14). In addition, previous MR studies presented evidence that several dietary habits are associated with these risk factors for migraine, e.g., alcohol intake and blood pressure (15). Consequently, one or more of these migraine risk factors may act as potential mediators between specific dietary habits and migraine.

In this study, based on summary data obtained from large consortium, we performed a series of two-sample MR analyses to explore whether each dietary habit is a risk factor for the development of migraine and its subtypes (MA and MO) without prior hypotheses. We conducted a mediation analysis to examine possible mediators in the relationship between each genetically determined dietary habits and risk of migraine using a network MR design. Bidirectional MR was also performed to investigate if migraine is associated with dietary habits. The elucidation of these associations could provide evidence for the prevention of migraine and the development of helpful diet strategies.



2. Materials and methods

A flow chart of the whole study design was provided in Figure 1.
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FIGURE 1
Study design of Mendelian randomization study of migraine. MR, Mendelian randomization; MA, migraine with aura; MO, migraine without aura; TE, total effect, NIE, natural indirect effect; SBP, systolic blood pressure; DBP, diastolic blood pressure; MDD, major depression disorder; GWAS, genome-wide association study. *If MR Egger intercept shows evidence of horizontal pleiotropy (P < 0.05), we removed single nucleotide polymorphisms (SNPs) that are most likely to display horizontal pleiotropic effects (outliers) and reran the IVW and leave-one-out analyses. **Replication analyses were only performed for several steps. #If there presents P > 0.05 in the leave-one-out sensitivity analysis (after the removal of SNPs that are most likely to display horizontal pleiotropic effects), the evidence strength drops by one level.



2.1. Data sources

Genetic association estimates for 83 dietary habits (classified into 16 subtypes, see Supplementary Table 1) were obtained from a recent large-scale genome-wide association study (GWAS) of dietary habits in up to 449,210 Europeans from UK Biobank (16) using the imputed genetic data. Those ordinal variables were ranked and set to quantitative values, while food types or foods never eaten were converted into a series of binary variables. The genetic-association data for migraine (all subtypes) and migraine subtypes (MA and MO) were collected from the FinnGen release 6 (R6) (17) with imputed genotype data, including up to 260,405 individuals of Finnish descent. To be specific, participants with migraine were diagnosed with the International Classification of Diseases criteria: code 346 for the eighth and ninth version (ICD 9), and code G43 for the tenth version (ICD 10), and those with MA and MO were diagnosed with ICD 9: 3,460 and 3,461, or ICD 10: G431 and G430, respectively. The controls excluded participants with epilepsy (ICD 10: G40), status epilepticus (ICD 10: G41), migraine, other headache syndromes (ICD 10: G44), sleep apnoea (ICD 10: G473), narcolepsy and cataplexy (ICD 10: G474), and other sleep disorders (ICD 10: G47).

In addition, we identified 8 risk factors for migraine reported by previous MR study (10–13) to investigate their potential mediator role in the pathway from each dietary habits to migraine. Genetic association estimates for SBP, DBP, serum total calcium, neuroticism, difficulty awakening, insomnia, MDD and anxiety were taken from the International Consortium of Blood Pressure (ICBP) (18), published GWAS studies in Young et al. (19), Nagel et al. (20), Neale Lab Consortium, GWAS studies in Jansen et al. (21) and Howard et al. (22), and the Integrative Psychiatric Research (iPSYCH) consortia (23) from European ancestry. Population characteristics of these consortium and definitions relating to these genetic association estimates were presented in the Table 1 and Supplementary Table 2.


TABLE 1    Description of GWAS consortiums for each phenotype.
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2.2. Construction of genetic instruments

To select instrumental variables for each dietary habit, the genetic association estimates from GWAS of dietary habits (16) were used as our starting point. We first extracted all genome-wide significant variants associated with each dietary habit (the significance threshold was relaxed to P < 5 × 10–6 to improve instrument power). We then filtered this dataset using a clumping distance of 1 Mb and r2 threshold of 0.001 to generate an independent set of variants for each exposure (using ld_clump function in the ieugwasr R package with linkage disequilibrium estimates from the 1,000 Genomes European reference panel integrated within this R package). The number and F statistics (the instruments’ strength) of selected variants for each dietary habit were provided in Supplementary Table 1.

Then we selected instruments for mediation analysis and bidirectional MR. The instrumental variables for migraine (MA and MO) were obtained from a GWAS meta-analysis of 102,084 migraine (14,624 MA and 15,055 MO) cases and 771,257 controls of European ancestry (24). This study identified 123 independent lead variants (r2 < 0.1, distinct genomic loci are > 250 kb apart) associated with migraine (as well as MA and MO) at genome-wide significance (P < 5 × 10–8) (24). To select instrumental variables for potential mediator, we utilized 130, 91, 208, 170, 248, 102 independent single nucleotide polymorphisms (SNPs) that were associated with SBP, DBP, serum total calcium, neuroticism, insomnia and depression, respectively, at genome-wide significance (P < 5 × 10–8) clumped by previous GWAS analysis (18–22). We selected instrumental variables for difficulty awakening using the same way as that for dietary habits. For each MR analysis, we restricted the instrument list to SNPs also available in the outcome GWAS and harmonized the exposure and outcome datasets by matching alleles.



2.3. Study design


2.3.1. The associations between 83 dietary habits and migraine and the potential mediator role of 8 risk factors

We first performed a series of two-sample MR analyses to explore the associations between each genetically predicted dietary habits and migraine. For each dietary habit that is significantly associated with migraine, we then conducted mediation analysis to explore whether each risk factor mediate the pathway from dietary habits to migraine, distinguished the effects of each mediator and disentangled the contribution of each mediator to the indirect effect (25), using a network MR design (26). To be specific, based on the results in first step, we carried out a second MR model to estimate the association between each dietary habits that is significantly associated with migraine and each risk factor (potential mediator). For possible mediators that potential causal association was observed in the second MR model, we estimated the effect of each mediator on migraine, respectively, controlling for the exposure using multivariable MR (MVMR) (27, 28), the genetic instruments both mediator and exposure were included as instruments in MVMR analysis. To be noted, we pruned those SNPs again to ensure the instruments used in MVMR are mutually independent. If associations were observed in all three steps, the conclusion can be drawn that the specific risk factor is a mediator in the pathway linking this dietary habit to migraine. The indirect effect mediated through each mediator was estimated by multiplying the results from two steps behind. We divided the indirect effect by the total effect to estimate the proportion mediated by each mediator [the calculation of their 95% confidence intervals was calculated through the Delta method, which was provided in our previous work (29)].



2.3.2. Bidirectional causality between dietary habits and migraine as well as dietary habits and risk factors

To examine whether migraine or each potential mediator affects dietary habits (bidirectional causality), we performed a series of two-sample MR analyses by using outcome or mediator-associated independent SNPs as instrumental variables.

We performed these analyses on migraine (all subtypes), MA and MO, respectively.




2.4. Statistical analysis

For each step of this MR study design, random-effects inverse-variance weighted (IVW) MR (30) was used as our main analysis, this method accounts for potential heterogeneity in the variant-specific causal estimates. For analyses with binary outcome (e.g., migraine), the results were converted to ORs expressed per genetically predicted 1-unit-higher log-odds/per unit change/per standard deviation (SD) of liability to the exposure; For those with continuous outcome (e.g., SBP), the results were SD/per unit change in outcome expressed per genetically predicted 1-unit-higher log-odds/per unit change/per SD of liability to the exposure.

Mendelian randomization (MR) analysis relies on three core assumptions: (1) Relevance: genetic variants are associated with the exposure; (2) Independence: genetic variants are not associated with any confounder of the exposure-outcome association; (3) Exclusion restriction: genetic variants do not affect outcome except through its potential effect on the exposure. In this study, a series of sensitivity analyses were conducted to verify these core assumptions and test the robustness of the causal findings. Firstly, since causal conclusions are less reliable when there is substantial heterogeneity, we evaluated the magnitude of heterogeneity among variant-specific Wald estimates using the I2 statistic (31, 32). Leave-one-out sensitivity analysis was also performed to assess the reliance of the MR results on each particular variant. Secondly, we calculated F statistic to ensure that the relevance assumption is satisfied. Thirdly, we performed a range of robust methods making different consistency assumptions, including weighted median (33), mode-based (34), MR-Egger regression (35), and MR pleiotropy residual sum and outlier (MR-PRESSO) method (36), the combination of which is reported to adequately assess the evidence of the causal effects of each exposure on the outcome and detect the sensitivity of the results to different patterns of violations of instrumental variable assumptions (37). To be noted, mode-based and MR-Egger regression have been shown to have low precision (37, 38). We used MR Egger intercept test (35) to detect the possibility of presence of horizontal pleiotropic effects and therefore provide evidence of certain violations of the exclusion restriction. If MR Egger intercept test show evidence of horizontal pleiotropy (P < 0.05), we removed of SNPs that are most likely to display horizontal pleiotropic effects (outliers) and rerun the IVW and leave-one-out analyses.

Within each subtype of dietary habits, to account for multiple testing and to preserve the type I error of the global null hypothesis of all tested associations being in fact null for this outcome (39), we used Bonferroni-corrected threshold α = 0.05/(number of dietary habits in this subtype n). We noted that these traits are related to each other, therefore the tests are not completely independent of each other and the Bonferroni correction may be conservative. We reported the actual P-value of each effect.

Rather than using P-value as the only criteria, we evaluated the strength of detected potential causal evidence of MR analyses using three criteria similar as Zheng et al. (40) did: (1) strength of association estimates: whether the IVW estimate passes the Bonferroni-corrected threshold; (2) fitness of MR assumptions: whether the MR estimates are consistent across MR sensitivity analyses after the removal of SNPs that are most likely to display horizontal pleiotropic effects; (3) Direction of effect across studies: whether the MR estimates show the same direction of effect across MR sensitivity analyses. According to these criteria, we graded the strength of potential causal evidence into three levels: reliable, insufficient and weak, see Figure 1 for the details.

Finally, we conducted replication analyses by using different datasets to further assess the robustness of our results. For the association between genetically predicted dietary habits and migraine as well as 8 risk factors, we used a second summary statistics data for alcohol consumption (log-transformed average number of drinks consumed each week) obtained from the largest, predominantly white European ancestry meta-analyzed GWAS, which is conducted by the GWAS and Sequencing Consortium of Alcohol and Nicotine use (GSCAN) (41). We pruned 99 conditionally independent SNPs associated with alcohol consumption (P < 5 × 10–8) identified by GSCAN with pairwise linkage disequilibrium (LD) R2 > 0.001, leaving 73 to 84 SNPs that were available in the outcome datasets. We note that the definition of alcohol consumption in this second dataset is different from those drinking habits used in our primary analysis (Supplementary Table 2). We also validated the results for cheese intake and red wine intake with a second summary statistics data obtained from the UK Biobank study (Table 1 and Supplementary Table 2), utilizing 61 to 65 independent SNPs (r2 < 0.01, distinct genomic loci are > 10,000 kb apart) associated with cheese intake at genome-wide significance (P < 5 × 10–8) selected by Hu et al. (42) and 64 to 73 independent SNPs selected using the same way as our primary analysis, respectively. These results were OR/SD or per unit change in outcome expressed per genetically predicted 1 SD increase in log-transformed weekly alcohol drinks consumed, 1 SD increase in cheese intake or per unit increase in average weekly red wine intake. In addition, we used a second MDD dataset obtained from another large GWAS meta-analysis of 480,359 individuals of European ancestry (Table 1 and Supplementary Table 2) (43) for comparison of the primary 83 dietary habits and MDD analysis.

In the main analysis for dietary habits on migraine, we relaxed the significance threshold to improve the instrument power. Therefore, we further performed replication analyses using 814 LD-independent loci (> 500 kb apart) surpassing genome-wide significance (P < 5 × 10–8) for 83 dietary habits as well as 60 principal components (PCs) that capture correlation structure among intake of single foods to take account for those complex intercorrelation among dietary intakes (16). We also used the association between the genetic variants and 29 food phenotypes as well as their PCs [see Table B in S1 Table of Pirastu et al. (44) for a detailed description] from a recent published GWAS study (44). They identified 572 genetic associations in 283 independent loci at Bonferroni corrected level of significance (P < 5 × 10–8), among which 245 genetic variants were filtered to have only direct effect [not mediated through possible mediators (e.g., body mass index (BMI)) or confounders (e.g., educational attainment) of food-migraine association] on diet. We performed replication analyses to explore the associations of each genetically predicted dietary habits with migraine using genetic instruments with and without filtering, respectively.

All statistical tests were two-sided. Analyses in this study were performed using R version 4.0.2 together with the R package MendelianRandomization (45), MRPRESSO (36).




3. Results


3.1. Association between genetically predicted dietary habits and migraine

The association between 83 genetically predicted dietary habits and migraine using the IVW method were displayed in Figure 2 and Supplementary Table 3. Genetically predicted cups of coffee per day (cups/day), overall oily fish and cheese intake were significantly negatively associated with risk of migraine, the ORs ranged from 0.71 (95% CI: 0.59–0.86) per cups/day increase in coffee intake to 0.78 (95% CI: 0.63–0.95) times/week increase in cheese intake. There was an insufficiency of evidence of negative associations between genetically predicted tablespoons of raw vegetables per day (OR = 0.72; 95% CI: 0.57–0.92) as well as wholemeal/wholegrain bread type (OR = 0.76; 95% CI: 0.63–0.92) and migraine. Additionally, we found weak evidences that genetically predicted drinks usually with meals among current drinkers (OR = 0.61; 95% CI: 0.47–0.80), red wine glasses (OR = 0.65; 95% CI: 0.51–0.82) and total drinks of alcohol per month (OR = 0.74; 95% CI: 0.62–0.88) were associated with a decrease in risk of migraine; For dietary habits of cereal type, genetically predicted muesli was negatively associated with migraine (OR = 0.65; 95% CI: 0.48–0.89), while cornflakes/frosties was positively associated with migraine (OR = 1.53; 95% CI: 1.14–2.05); For dietary habits of bread type, genetically predicted white bread was associated with an increase in risk of migraine (OR = 1.43; 95% CI: 1.18–1.73 vs. wholemeal/wholegrain + brown type; OR = 1.51; 95% CI: 1.22–1.88 vs. any other type); Genetically predicted overall poultry intake was positively associated with migraine (OR = 1.70; 95% CI: 1.19–2.43). To be noted, if the MR Egger intercept test of one dietary habit shows evidence of pleiotropic effect, the IVW estimate we reported was obtained after the removal of SNPs that are most likely to display horizontal pleiotropic effects. The consistency of OR estimates from main and sensitivity analyses (Supplementary Table 4) were evaluated by the strength of the potential causal evidence. In addition, there was no evidence of SNP that has a strong influence on the estimations of association (Supplementary Table 5).
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FIGURE 2
Associations between genetically predicted dietary habits and migraine. Results were obtained from the multiplicative random-effects inverse-variance weighted method. N SNPs denotes the number of instrumental SNPs used for each dietary exposure. I2 statistic quantifies the amount of heterogeneity among estimates based on individual SNPs.


When stratified by aura status, genetically predicted cups of tea (including black and green tea) (OR = 0.74; 95% CI: 0.56–0.99) and coffee per day (OR = 0.67; 95% CI: 0.50–0.90) were associated with a decrease in risk of MA, while genetically predicted glasses of water per day (OR = 1.36; 95% CI: 1.06–1.75) was associated with an increase in the risk of MA (Supplementary Figure 1 and Supplementary Tables 3–6, 7). Genetically predicted other alcohol (excluding champagne, white wine, red wine, beer, cider, spirits and fort wine), red wine glasses, total drinks of alcohol per month, overall oily fish and cheese intake, tablespoons of cooked vegetables per day, and wholemeal/wholegrain bread type were negatively associated with MO, the ORs ranged from 0.24 (95% CI: 0.10–0.57) for other alcohol to 0.73 (95% CI: 0.54–0.99) for cheese intake. Genetically predicted white bread (OR = 1.51; 95% CI: 1.12–2.02 vs. wholemeal/wholegrain + brown type; OR = 1.64; 95% CI: 1.19–2.24 vs. any other type) and cornflakes/frosties cereal (OR = 2.02; 95% CI: 1.27–3.20) were positively associated with MO (Supplementary Figure 2 and Supplementary Tables 3, 8, 9).

Finally, no statistically significant associations were observed between milk, fruit, spread type, salt, and other habits (including never eat eggs, dairy, wheat, or sugar) and migraine as well as its subtypes. The direction and magnitude of the estimated effect of alcohol consumption, cheese, weekly red wine, coffee, fish and bread intake on migraine and its subtypes in replication analysis (Supplementary Tables 10–12) were broadly similar to our primary results. However, the protective effect of cheese intake did not reach statistical significance. We cannot rule out the possibility that the significant difference in the number of instrumental SNPs included in the primary and replication analyses (217 vs. 65) leads to the difference in power.



3.2. Association between genetically predicted dietary habits and risk factors

The association between genetically predicted dietary habits and 8 risk factors (including SBP, DBP, serum total calcium, neuroticism, difficulty awakening, insomnia, MDD and anxiety) were displayed in Supplementary Figures 3–10 and Supplementary Tables 13–31. Genetically predicted 12 of 14 dietary habits, which are significantly associated with migraine in the first step, were observed to be significantly associated with at least one risk factor. For continuous risk factors including SBP, DBP, and serum total calcium, the results were per SD/per unit increase change in risk factor expressed per genetically predicted 1-unit-higher log-odds/per unit change/per SD of liability to the dietary habits.

For bread types, white bread was consistently positively associated with SBP (1.70; 95% CI: 0.88–2.52 vs. wholemeal/wholegrain + brown type; 2.14; 95% CI: 1.25–3.04 vs. any other type), DBP (1.09; 95% CI: 0.63–1.54 vs. wholemeal/wholegrain + brown type; 1.26; 95% CI: 0.76–1.75 vs. any other type), serum total calcium (0.01; 95% CI: 1.00–1.01), neuroticism (OR = 1.10; 95% CI: 1.04–1.16 vs. wholemeal/wholegrain + brown type; OR = 1.11; 95% CI: 1.04–1.17 vs. any other type) and insomnia (OR = 1.32; 95% CI: 1.21–1.44 vs. wholemeal/wholegrain + brown type; OR = 1.32; 95% CI: 1.20–1.45 vs. any other type), while wholemeal/wholegrain bread (vs. white + brown) was consistently negatively associated with SBP (−1.40; 95% CI: −2.32∼−0.47), DBP (−1.10; 95% CI: −1.60∼−0.60), serum total calcium (−0.01; 95% CI: 0.99–1.00), neuroticism (OR = 0.90; 95% CI: 0.85–0.95) and insomnia (OR = 0.75; 95% CI: 0.69–0.81).

For cereal types, cornflakes/frosties cereal was positively associated with SBP (2.16; 95% CI: −0.84 to 3.47), muesli cereal was negatively associated with neuroticism (OR = 0.85; 95% CI: 0.78–0.93), insomnia (OR = 0.69; 95% CI: 0.61–0.78) and MDD (OR = 0.74; 95% CI: 0.65–0.85). For drinking types, drinks usually with meals among current drinkers (vs. no) and red wine glasses per month were negatively associated with neuroticism (OR = 0.85; 95% CI: 0.79–0.92 and OR = 0.89; 95% CI: 0.83–0.94), insomnia (OR = 0.66; 95% CI: 0.59–0.75 and OR = 0.80; 95% CI: 0.72–0.88), MDD (OR = 0.72; 95% CI: 0.64–0.81 and OR = 0.82; 95% CI: 0.73–0.92), and anxiety (OR = 0.59; 95% CI: 0.45–0.78 and OR = 0.59; 95% CI: 0.42–0.83); total drinks of alcohol per month were negatively associated with difficulty awakening (OR = 0.96; 95% CI: 0.94–0.99); overall alcohol intake were negatively associated with insomnia (OR = 0.88; 95% CI: 0.82–0.95) and MDD (OR = 0.89; 95% CI: 0.83–0.95).

In addition, overall cheese intake was negatively associated with SBP (−1.80; 95% CI: −2.78∼−0.82), DBP (−0.57; 95% CI: −1.14∼−0.01), neuroticism (OR = 0.93; 95% CI: 0.88–0.98), difficulty awakening (OR = 0.96; 95% CI: 0.93–0.99), insomnia (OR = 0.85; 95% CI: 0.78–0.94), MDD (OR = 0.89; 95% CI: 0.82–0.96), and anxiety (OR = 0.55; 95% CI: 0.40–0.75); cups of coffee per day was negatively associated with DBP (−1.30; 95% CI: −2.05∼−0.55); overall oily fish intake was positively associated with DBP (0.75; 95% CI: 0.14–1.36), but negatively associated with insomnia (OR = 0.85; 95% CI: 0.78–0.93). The direction and magnitude of the estimated effect of dietary intakes on MDD (Supplementary Tables 32, 33) as well as cheese and red wine intake on 8 risk factors in replication analysis (Supplementary Tables 10, 11) were accordant with our primary results.

When stratified by aura status, genetically predicted all 3 dietary habits that are significantly associated with MA in the first step, were observed to be significantly associated with at least one risk factor. Except for the negatively association between cups of coffee per day and DBP reported above, cups of tea per day were positively associated with serum total calcium (0.01; 95% CI: 1.00–1.01), but negatively associated with awakening (OR = 0.93; 95% CI: 0.90–0.96), glasses of water per day was positively associated with awakening (OR = 1.05; 95% CI: 1.02–1.09) and anxiety (OR = 1.33; 95% CI: 1.00–1.78).

Genetically predicted 10 of 11 dietary habits that are significantly associated with MO in the first step, were observed to be significantly associated with at least one risk factor. Except for the association reported above, wholemeal/wholegrain bread (vs. any other) was consistently negatively associated with SBP (−1.63; 95% CI: −2.68∼−0.58), DBP (−0.91; 95% CI: −1.47∼−0.35), serum total calcium (−0.01; 95% CI: 0.99–1.00), neuroticism (OR = 0.89; 95% CI: 0.83–0.95) and insomnia (OR = 0.76; 95% CI: 0.69–0.83). Other alcohol glasses per month were negatively associated with DBP (−1.39; 95% CI: −2.19∼−0.60).



3.3. Association between genetically predicted possible mediators and migraine

We evaluated further whether each of the 8 possible mediators is associated with migraine and its subtypes. The results of MVMR adjusting for different exposure were displayed in Supplementary Tables 34–36, genetically predicted insomnia and MDD were significantly positively associated with migraine (mean OR = 1.20 and 1.49, respectively), MA (mean OR = 1.19 and 1.38, respectively) and MO (mean OR = 1.29 and 1.71, respectively).



3.4. The potential mediator role of insomnia and MDD

According to the results of network MR analysis, we found that one or both insomnia and MDD might act as mediators in the pathway from some dietary habits to migraine and MO, those dietary habits include drinking types (drinks usually with meals among current drinkers, overall alcohol intake and red wine glasses per month), bread types (white bread and wholemeal/wholegrain bread), muesli cereal, overall cheese intake and overall oily fish intake. The proportion of the total effect of each dietary habit on migraine or MO that each mediator accounts for was provided in Table 2.


TABLE 2    The proportion of the total effect of each dietary habits on migraine that each mediator accounts for.
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3.5. Association between migraine and dietary habits

The results of bidirectional MR (Table 3 and Supplementary Tables 37–44) showed evidence of negative association of genetically predicted migraine on drinking types as well as positive association of genetically predicted migraine on cups of tea per day. When stratified by aura status, genetically predicted MA was positively associated with alcohol drinker status: current (+ former) and red wine glasses per month, and genetically predicted MO was positively associated with alcohol drinker status: current (+ former) and beer/cider glasses per month, but negatively associated with cups of tea per day.


TABLE 3    Associations between genetically predicted migraine as well as its subtypes and dietary habits with reliable evidence.
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4. Discussion


4.1. Principal findings

In this study, we provided evidence that genetically determined coffee, cheese, oily fish (reliable evidence); raw vegetables, wholemeal/wholegrain bread intake (insufficiency evidence); alcohol (red wine), and muesli (weak evidence) were associated with decreased risk of migraine development; while white bread, cornflakes/frosties, and poultry intake (weak evidence) were positively associated with the risk of migraine development. Additionally, we concluded that genetically predicted white bread (reliable evidence) was associated with a higher risk of insomnia, while wholemeal/wholegrain bread, muesli, oily fish intake (reliable evidence); alcohol (red wine) (reliable/weak evidence); and cheese intake (insufficiency evidence) were associated with decreased risk of insomnia and (or) MDD. One or both of insomnia and MDD may act as a mediator in the pathway from several dietary habits to migraine. Moreover, we found no evidence to support a association of genetically predicted milk, fruit, spread type, salt, and other habits (including never eat eggs, dairy, wheat, or sugar) on migraine as well as its subtypes. Finally, we found evidence of negative and positive associations of genetically predicted migraine on drinking types and cups of tea per day, respectively.



4.2. Comparisons with other studies

Our findings for the consistent inverse effect of coffee and alcohol intake on migraine (the former mainly affects MA, while the latter mainly affects MO) as well as migraine on alcohol intake are similar to the results of previously MR study (9). Yuan et al. (9) also reported that genetic liability to migraine was not associated with coffee consumption, which was also shown in our results. We are not aware of any MR study of other dietary habits in relation to migraine.

We should be cautious when comparing our results with previous observational studies, mainly including three reasons. Firstly, there may exist variations in measurement and definition of dietary habits, or the results may base on different populations; secondly, results from observational studies may reflect reverse causation or confounding effects; and thirdly, what is more important, results from most observational studies are associations between dietary habits and the risk/aggravation/frequency of migraine attacks among individuals with migraine, rather than the associations between dietary habits and risk of migraine diagnosis. For instance, inconsistent conclusions for cheese intake (46–53), red wine intake (52, 54, 55) and the consumption of vegetables (46, 56) have been reported by previous observational studies. In addition, milk, egg, wheat, processed meat, and white bread intake were reported triggers for migraine attacks, and wholemeal/wholegrain bread intake is reported to be associated with a reduced risk of migraine attacks in several reviews (7, 57) or observation studies (57–59). However, these results are all from individuals who have migraine and attempting to predict individual attacks, which is not in line with the objective of this study.

The risk of migraine development was less studied by observational studies. One population-based observational study in Japan reported that migraineurs consumed significantly more fatty/oily foods, coffee, and tea than non-headache subjects, while vegetables, fruits, eggs, fish, meat, and milk did not show significant difference between the two groups (56). In this study, we found reliable evidence that cheese intake, red wine intake and tablespoons of raw vegetables per day were associated with a lower risk of migraine and MO diagnosis. Moreover, we showed that oily fish intake and wholemeal/wholegrain bread intake were associated with a reduced risk of migraine and MO, while white bread intake was positively associated with them. Our results supported that overall poultry intake is a potential risk factor of migraine. We found no evidence to support a association of milk, fruit, spread type, salt, and other habits (including never eat eggs, dairy, wheat, or sugar) on migraine, Those contradictions may reflect reverse causation or confounding effects of the observational studies. We are not aware of any observational study of muesli or cornflakes/frosties in relation to migraine. Our study indicated that muesli cereal intake was associated with a decreased risk of migraine, while cornflakes/frosties cereal intake was associated with an increased risk of migraine and MO.

Inconsistent conclusions for association between different definitions of alcohol intake and MDD have been reported by previous MR (60, 61) or observational studies (62, 63). Our results of the potential protective effect of several alcohol intake habits (among current drinkers: drinks usually with meals, red wine glasses per month and overall alcohol intake) on MDD are consistent with the result from a previous MR study shown that regular alcohol consumption was associated with the prevention of depression (61). In addition, Polimanti et al. (64) reported a negative correlation between alcohol consumption frequency and MDD. The association between cheese intake and depression has been inconsistent in previous observational studies (65–67). Nevertheless, we found that cheese intake was positively associated with MDD. Observational studies on the effect of other dietary habits on insomnia or MDD are limited. Our findings provide evidence about the protective or harmful effect of several habits on the risk of insomnia and (or) MDD. Insomnia (depression) and migraine are common complaints among the general population (68, 69), both observational and MR studies reported that individuals with insomnia or MDD had a higher risk of having migraine (12, 14, 70, 71). However, less is known whether they mediate the pathway between dietary habits and migraine. Our study found the potential mediator role of each of them in the pathway from several dietary habits to migraine.



4.3. Potential mechanisms

As indicated by Yuan et al. (9), the negative association between genetically predicted alcohol intake and migraine may be due to the stress relieving effect of alcohol as well as the fact that drinkers tend to have a higher tolerance to headache and metabolize alcohol quickly, which makes them less likely to be affected by toxic intermediates that can lead to migraines, such as acetaldehyde (9, 55). In addition, we also cannot rule out the possibility that the protective effect of alcohol consumption on migraine is attributable to reverse causality (9), since alcohol, especially red wine (72), was commonly reported as diet-related trigger of migraine attacks (7), patients with migraine are often limited their alcohol intake (46). Several possible underlying mechanisms underlying the inverse association of coffee intake with the risk of migraine may involve the antagonism of caffeine on the adenosine receptors, this can cause the inhibition of receptors, which may contribute to migraine pathophysiology (73). Some studies showed that caffeine administration increases the production of nitric oxide (NO), which is responsible for vasodilation (74, 75). Moreover, consistent coffee daily intake is possible to prevent caffeine withdrawal headache that can progress to migraines (73). The protective effect of oily fish intake on migraine is possibly due to the anti-inflammatory effect (59) and the suppression of the production of nitric oxide (76) of omega-3 polyunsaturated fatty acids (PUFAs) (77). In addition, omega-3 PUFAs may interact with serotonin and affect neurons and blood vessels (78).

As a dairy product, cheese is rich in various micronutrients and other bioactive compounds (including calcium, magnesium, B complex vitamins and vitamin D, etc.) (79), which might have a protective role in inflammation, oxidation-reduction and B complex vitamins therefore against headaches (48, 80). Leafy vegetables were shown to have a positive impact on neurogenic inflammation through interactions with the calcitonin gene-related peptide receptors (81), an essential inflammatory mediator in migraine pathophysiology. They are also major sources of vitamin C, vitamin E, dietary antioxidants, flavonoids, carotenoids, and minerals (82), and can lower levels of inflammatory biomarkers such as TNF-a (83). Poultry is a type of food with high levels of tyramine, which has been shown to be a valid trigger of headache disorders (84, 85), and cereal type like muesli was found to be inversely associated with inflammatory biomarkers (86).

Previous research indicated that regular alcohol consumption is likely to be associated with better mental health conditions, therefore lowering the risk of depression (61). As a sedative, alcohol may reduce sleep onset latency and proactively relieve insomnia (87, 88). For fish intake, a diet deficient in omega-3 PUFAs has been shown to affect the melatonin rhythm and circadian clock functions, therefore disturbing nocturnal sleep (89). Milk and dairy products such as cheese contain a high amount of tryptophan (Try), from which melatonin is synthesized (90). The level of blood melatonin can induce sleep onset in humans. In addition, cheese belongs to fermented dairy, which is associated with increased strains of beneficial bacteria within the gut microbiota (91) and can lower markers of inflammation and oxidative stress (92) and is further associated with depression (93, 94).

People with depression are more likely to be comorbid with migraine (95). The main possible mechanisms include abnormal brain development and shared genetic basis, as well as neurotransmitters, sex hormones and stress (96), these etiological hypotheses were detailed discussed elsewhere. Potential mechanisms to explain the link between insomnia and migraine may involve the neuronal modifications in the caudate nucleus that is involved in pain suppression (97–99), and the fact that insomnia increases cortical excitability (12, 100). In addition, the state of over-activation of pain-inhibitory circuits in insomnia patients has been shown to cause pain sensation (101).



4.4. Strength and limitations

Our study systematically explored the association between dietary habits and migraine as well as its subtypes using two-sample MR analysis, which allowed us to better avoided the limitations of bias arising from confounding, measurement error, as well as reverse causation. In addition, we quantified the proportion of the effect of dietary habits attributable to potential mediator(s) using network MR. Large numbers of participants in publicly available summarized data considerably increase the power to detect an effect. Consistent results from sensitivity analyses that make allowance for the violation of different MR assumptions and replication analyses can further strengthen confidence in causality.

Our study was also subject to several limitations. Firstly, the results from MR only indicate possible causal associations between genetically predicted dietary habits and migraine at the genetic level, we cannot rule out the existence of other pathways that certain dietary habit causes migraine. Secondly, there are overlapping sets of participants between datasets of exposure and several risk factors. Nevertheless, Minelli et al. (102) have shown that most two-sample methods can be safely used for one-sample MR with a large sample size. Thirdly, we cannot exclude the influence of weak instrument bias for two dietary types, including milk type: soy milk vs. never and milk type: other milk vs. never (F statistic < 10), which needed further validation in the future. Fourthly, our study conducted Bonferroni correction within each subtype of dietary habits. However, exposures in each group are related to each other, therefore the tests are not completely independent of each other and the Bonferroni correction may be conservative. Considering this, we reported the actual P-values of each effect in the results. Fifthly, although we did not find evidence of the potential causal role of genetically predicted milk, fruit, spread type, salt, and other habits (including never eat eggs, dairy, wheat, or sugar) on migraine, we cannot rule out the possibility that these are partly due to the measurement and definition of dietary habits or we have overlooked weak associations due to insufficient power. Sixthly, our results were conducted in individuals of European ancestry, which may limit the generalization of these results to other ethnicities. Sixthly, although MR can address unobserved confounding when the IV assumptions hold, the imperfect selection of instrumental variables in practice use and measurement error in dietary habit traits (assessed using touchscreen questionnaire) may bias the MR estimates. Finally, several dietary habits are poorly explored in this work, e.g., only “cups of tea per day” was included as tea intake-related exposure, however, different types of tea or drinking habits (such as alkaloids content) may have different effects on migraine or other risk factors. In addition, since the type and concentration of several dietary habits are not fully considered, for instance, “cups of coffee per day” can only approximate the levels of caffeine consumed per day, not strict equivalent, and the consumption of certain food (e.g., oil fish) not equal the level of active ingredients or dietary supplements in this diet (e.g., omega-3). These can be further explored in future studies. The association between dietary choices and the microbiome as well as the association between the choices and other health behaviors may also be a direction for further research to better understand the mechanisms underpinning the association between dietary habits and migraine.




5. Conclusion

In conclusion, our study provides evidence that genetically determined drinking (eating) more coffee, cheese, oily fish, raw vegetables, wholemeal/wholegrain bread, alcohol (red wine), and muesli intake are good for the prevention of migraine development, and more white bread, cornflakes/frosties, and poultry consumption can increase the risk of migraine. Moreover, we identified the potential mediator role of insomnia and MDD. Migraine is also associated with decreased alcohol assumption and increased tea intake. Further investigations confirming the biological rationality and clarifying the biological mechanism of several identified dietary habits expected to participate in the development of migraine are needed.



Data availability statement

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



Author contributions

XL, HL, and FX: conceptualization. XL: data curation and writing—original draft. HL and FX: funding acquisition. XL, YuY, LH, and YiY: investigation. FX: project administration. YuY, YWu, SW, YH, YG, YWe, QL, FQ, YF, HL, and FX: writing—review and editing. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the National Natural Science Foundation of China (grant numbers: 82173625 and 82003557), the National Key Research and Development Program of China (grant number: 2020YFC2003500), the Shandong Provincial Natural Science Foundation of China (grant number: ZR2019ZD02), and the Shandong Province Key R&D Program Project (grant number: 2021SFGC0504).



Acknowledgments

We thank all the investigators for sharing the data. We want to acknowledge the participants and investigators of FinnGen study.



Conflict of interest

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



Publisher’s note

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



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2023.1123657/full#supplementary-material



References

1. Headache Classification Committee of the International Headache Society (IHS) The International Classification of Headache Disorders, 3rd edition. Cephalalgia. (2018) 38:1–211. doi: 10.1177/0333102417738202

2. Feigin V, Nichols E, Alam T, Bannick M, Beghi E, Blake N, et al. Global, regional, and national burden of neurological disorders, 1990–2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol. (2019) 18:459–80. doi: 10.1016/S1474-4422(18)30499-X

3. Vos T, Lim S, Abbafati C, Abbas K, Abbasi M, Abbasifard M, et al. Global burden of 369 diseases and injuries in 204 countries and territories, 1990–2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet. (2020) 396:1204–22. doi: 10.1016/S0140-6736(20)30925-9

4. Vos T, Abajobir A, Abate K, Abbafati C, Abbas K, Abd-Allah F, et al. Global, regional, and national incidence, prevalence, and years lived with disability for 328 diseases and injuries for 195 countries, 1990–2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet. (2017) 390:1211–59.

5. Stovner L, Nichols E, Steiner T, Abd-Allah F, Abdelalim A, Al-Raddadi R, et al. 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) 17:954–76.

6. Gazerani P. Migraine and diet. Nutrients. (2020) 12:1658. doi: 10.3390/nu12061658

7. Hindiyeh N, Zhang N, Farrar M, Banerjee P, Lombard L, Aurora S. The Role of diet and nutrition in migraine triggers and treatment: a systematic literature review. Headache. (2020) 60:1300–16. doi: 10.1111/head.13836

8. Gazerani P. A bidirectional view of migraine and diet relationship. Neuropsychiatr Dis Treat. (2021) 17:435–51. doi: 10.2147/NDT.S282565

9. Yuan S, Daghlas I, Larsson S. Alcohol, coffee consumption, and smoking in relation to migraine: a bidirectional Mendelian randomization study. Pain. (2022) 163:e342–8. doi: 10.1097/j.pain.0000000000002360

10. Siewert K, Klarin D, Damrauer S, Chang K, Tsao P, Assimes T, et al. Cross-trait analyses with migraine reveal widespread pleiotropy and suggest a vascular component to migraine headache. Int J Epidemiol. (2020) 49:1022–31. doi: 10.1093/ije/dyaa050

11. Yin P, Anttila V, Siewert K, Palotie A, Davey Smith G, Voight B. Serum calcium and risk of migraine: a Mendelian randomization study. Hum Mol Genet. (2016) 26:ddw416. doi: 10.1093/hmg/ddw416

12. Daghlas I, Vgontzas A, Guo Y, Chasman D, International Headache Genetics Consortium, Saxena R. Habitual sleep disturbances and migraine: a Mendelian randomization study. Ann Clin Transl Neurol. (2020) 7:2370–80. doi: 10.1002/acn3.51228

13. Zheng H, Shi Y, Liang J, Lu L, Chen M. Modifiable factors for migraine prophylaxis: a mendelian randomization analysis. Front Pharmacol. (2023) 14:1010996. doi: 10.3389/fphar.2023.1010996

14. Tang B, Meng W, Hägg S, Burgess S, Jiang X. Reciprocal interaction between depression and pain: results from a comprehensive bidirectional Mendelian randomization study and functional annotation analysis. Pain. (2022) 163:e40–8. doi: 10.1097/j.pain.0000000000002305

15. Chen L, Davey Smith G, Harbord R, Lewis S. Alcohol intake and blood pressure: a systematic review implementing a mendelian randomization approach. PLoS Med. (2008) 5:e52. doi: 10.1371/journal.pmed.0050052

16. Cole J, Florez J, Hirschhorn J. Comprehensive genomic analysis of dietary habits in UK Biobank identifies hundreds of genetic associations. Nat Commun. (2020) 11:1467. doi: 10.1038/s41467-020-15193-0

17. Kurki M, Karjalainen J, Palta P, Sipilä T, Kristiansson K, Donner K, et al. FinnGen: unique genetic insights from combining isolated population and national health register data. Genet Genomic Med [Preprint]. (2022). doi: 10.1101/2022.03.03.22271360

18. Evangelou E, Warren H, Mosen-Ansorena D, Mifsud B, Pazoki R, Gao H, et al. Genetic analysis of over 1 million people identifies 535 new loci associated with blood pressure traits. Nat Genet. (2018) 50:1412–25. doi: 10.1038/s41588-018-0205-x

19. Young W, Warren H, Mook-Kanamori D, Ramírez J, van Duijvenboden S, Orini M, et al. Genetically determined serum calcium levels and markers of ventricular repolarization: a Mendelian randomization study in the UK biobank. Circ Genomic Precis Med. (2021) 14:e003231. doi: 10.1161/CIRCGEN.120.003231

20. Nagel M, Jansen P, Stringer S, Watanabe K, de LC, Bryois J, et al. Meta-analysis of genome-wide association studies for neuroticism in 449,484 individuals identifies novel genetic loci and pathways. Nat Genet. (2018) 50:920–7. doi: 10.1038/s41588-018-0151-7

21. Jansen P, Watanabe K, Stringer S, Skene N, Bryois J, Hammerschlag A, et al. Genome-wide analysis of insomnia in 1,331,010 individuals identifies new risk loci and functional pathways. Nat Genet. (2019) 51:394–403. doi: 10.1038/s41588-018-0333-3

22. Howard D, Adams M, Clarke T, Hafferty J, Gibson J, Shirali M, et al. Genome-wide meta-analysis of depression identifies 102 independent variants and highlights the importance of the prefrontal brain regions. Nat Neurosci. (2019) 22:343–52. doi: 10.1038/s41593-018-0326-7

23. Meier S, Trontti K, Purves K, Als T, Grove J, Laine M, et al. Genetic variants associated with anxiety and stress-related disorders: a genome-wide association study and mouse-model study. JAMA Psychiatry. (2019) 76:924. doi: 10.1001/jamapsychiatry.2019.1119

24. Hautakangas H, Winsvold B, Ruotsalainen S, Bjornsdottir G, Harder A, Kogelman L, et al. Genome-wide analysis of 102,084 migraine cases identifies 123 risk loci and subtype-specific risk alleles. Nat Genet. (2022) 54:152–60. doi: 10.1038/s41588-021-00990-0

25. Sanderson E. Multivariable mendelian randomization and mediation. Cold Spring Harb Perspect Med. (2021) 11:a038984. doi: 10.1101/cshperspect.a038984

26. Burgess S, Daniel R, Butterworth A, Thompson S, Epic-InterAct Consortium. Network mendelian randomization: using genetic variants as instrumental variables to investigate mediation in causal pathways. Int J Epidemiol. (2015) 44:484–95. doi: 10.1093/ije/dyu176

27. Burgess S, Thompson S. Multivariable Mendelian randomization: the use of pleiotropic genetic variants to estimate causal effects. Am J Epidemiol. (2015) 181:251–60. doi: 10.1093/aje/kwu283

28. Carter A, Sanderson E, Hammerton G, Richmond R, Davey Smith G, Heron J, et al. Mendelian randomisation for mediation analysis: current methods and challenges for implementation. Eur J Epidemiol. (2021) 36:465–78. doi: 10.1007/s10654-021-00757-1

29. Liu X, Li C, Sun X, Yu Y, Si S, Hou L, et al. Genetically predicted insomnia in relation to 14 cardiovascular conditions and 17 cardiometabolic risk factors: a Mendelian randomization study. J Am Heart Assoc. (2021) 10:e020187. doi: 10.1161/JAHA.120.020187

30. Burgess S, Butterworth A, Thompson S. Mendelian randomization analysis with multiple genetic variants using summarized data. Genet Epidemiol. (2013) 37:658–65. doi: 10.1002/gepi.21758

31. Higgins J, Thompson S. Quantifying heterogeneity in a meta-analysis. Stat Med. (2002) 21:1539–58. doi: 10.1002/sim.1186

32. Higgins J, Thompson S, Deeks J, Altman D. Measuring inconsistency in meta-analyses. BMJ. (2003) 327:557–60. doi: 10.1136/bmj.327.7414.557

33. Bowden J, Davey Smith G, Haycock P, Burgess S. Consistent estimation in Mendelian randomization with some invalid instruments using a weighted median estimator. Genet Epidemiol. (2016) 40:304–14. doi: 10.1002/gepi.21965

34. Hartwig F, Davey Smith G, Bowden J. Robust inference in summary data Mendelian randomization via the zero modal pleiotropy assumption. Int J Epidemiol. (2017) 46:1985–98. doi: 10.1093/ije/dyx102

35. Bowden J, Davey Smith G, Burgess S. Mendelian randomization with invalid instruments: effect estimation and bias detection through Egger regression. Int J Epidemiol. (2015) 44:512–25. doi: 10.1093/ije/dyv080

36. Verbanck M, Chen C, Neale B, Do R. Detection of widespread horizontal pleiotropy in causal relationships inferred from Mendelian randomization between complex traits and diseases. Nat Genet. (2018) 50:693–8. doi: 10.1038/s41588-018-0099-7

37. Slob E, Burgess S. A comparison. Genet Epidemiol. (2020) 44:313–29. doi: 10.1002/gepi.22295

38. Burgess S, Thompson S. Interpreting findings from Mendelian randomization using the MR-Egger method. Eur J Epidemiol. (2017) 32:377–89. doi: 10.1007/s10654-017-0255-x

39. VanderWeele T, Mathur M. Some desirable properties of the bonferroni correction: is the bonferroni correction really so bad? Am J Epidemiol. (2019) 188:617–8. doi: 10.1093/aje/kwy250

40. Zheng J, Zhang Y, Rasheed H, Walker V, Sugawara Y, Li J, et al. Trans-ethnic Mendelian-randomization study reveals causal relationships between cardiometabolic factors and chronic kidney disease. Int J Epidemiol. (2022) 50:1995–2010. doi: 10.1093/ije/dyab203

41. Liu M, Jiang Y, Wedow R, Li Y, Brazel D, Chen F, et al. Association studies of up to 1.2 million individuals yield new insights into the genetic etiology of tobacco and alcohol use. Nat Genet. (2019) 51:237–44. doi: 10.1038/s41588-018-0307-5

42. Hu M, Tan J, Gao X, Yang J, Yang Y. Effect of cheese intake on cardiovascular diseases and cardiovascular biomarkers. Nutrients. (2022) 14:2936. doi: 10.3390/nu14142936

43. Wray N, Ripke S, Mattheisen M, Trzaskowski M, Byrne E, Abdellaoui A, et al. Genome-wide association analyses identify 44 risk variants and refine the genetic architecture of major depression. Nat Genet. (2018) 50:668–81. doi: 10.1038/s41588-018-0090-3

44. Pirastu N, McDonnell C, Grzeszkowiak E, Mounier N, Imamura F, Merino J, et al. Using genetic variation to disentangle the complex relationship between food intake and health outcomes. PLoS Genet. (2022) 18:e1010162. doi: 10.1371/journal.pgen.1010162

45. Yavorska O, Burgess S. MendelianRandomization: an R package for performing Mendelian randomization analyses using summarized data. Int J Epidemiol. (2017) 46:1734–9. doi: 10.1093/ije/dyx034

46. Evans E, Lipton R, Peterlin B, Raynor H, Thomas J, O’Leary K, et al. Dietary intake patterns and diet quality in a nationally representative sample of women with and without severe headache or migraine. Headache. (2015) 55:550–61. doi: 10.1111/head.12527

47. Millichap J, Yee M. The diet factor in pediatric and adolescent migraine. Pediatr Neurol. (2003) 28:9–15. doi: 10.1016/s0887-8994(02)00466-6

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

49. Mollaoğlu M. Trigger factors in migraine patients. J Health Psychol. (2013) 18:984–94.

50. Sağlam Ö, Karapinar U, Dursun E, Cetin B, Coskun N, Altundağ A. The role of lifestyle modifications in the management of migraine associated vertigo. J Clin Anal Med. (2015) 6:763–5.

51. Zivadinov R, Willheim K, Sepic-Grahovac D, Jurjevic A, Bucuk M, Brnabic-Razmilic O, et al. Migraine and tension-type headache in Croatia: a population-based survey of precipitating factors. Cephalalgia. (2003) 23:336–43.

52. Wöber C, Holzhammer J, Zeitlhofer J, Wessely P, Wöber-Bingöl C. Trigger factors of migraine and tension-type headache: experience and knowledge of the patients. J Headache Pain. (2006) 7:188–95. doi: 10.1007/s10194-006-0305-3

53. Wöber C, Wöber-Bingöl Ç. Triggers of migraine and tension-type headache. Handb Clin Neurol. (2010) 97:161–72. doi: 10.1016/S0072-9752(10)97012-7

54. Wöber C, Brannath W, Schmidt K, Kapitan M, Rudel E, Wessely P, et al. PAMINA study group. prospective analysis of factors related to migraine attacks: the PAMINA study. Cephalalgia. (2007) 27:304–14. doi: 10.1111/j.1468-2982.2007.01279.x

55. Panconesi A. Alcohol and migraine: trigger factor, consumption, mechanisms. a review. J Headache Pain. (2008) 9:19–27. doi: 10.1007/s10194-008-0006-1

56. Takeshima T, Ishizaki K, Fukuhara Y, Ijiri T, Kusumi M, Wakutani Y, et al. Population-based door-to-door survey of migraine in Japan: the Daisen study. Headache. (2004) 44:8–19.

57. Hoffmann J, Recober A. Migraine and triggers: post hoc ergo propter hoc? Curr Pain Headache Rep. (2013) 17:370. doi: 10.1007/s11916-013-0370-7

58. Özön A, Karadaş Ö, Özge A. Efficacy of diet restriction on migraines. Arch Neuropsychiatry. (2018) 55:233.

59. Altamura C, Botti G, Paolucci M, Brunelli N, Cecchi G, Khazrai M, et al. Promoting healthy eating can help preventing migraine: a real-life preliminary study. Neurol Sci. (2018) 39:155–6. doi: 10.1007/s10072-018-3381-7

60. Almeida O, Hankey G, Yeap B, Golledge J, Flicker L. The triangular association of ADH1B genetic polymorphism, alcohol consumption and the risk of depression in older men. Mol Psychiatry. (2014) 19:995–1000. doi: 10.1038/mp.2013.117

61. Zhu C, Chen Q, Si W, Li Y, Chen G, Zhao Q. Alcohol use and depression: a Mendelian randomization study from China. Front Genet. (2020) 11:585351. doi: 10.3389/fgene.2020.585351

62. Paschall M, Freisthler B, Lipton R. Moderate alcohol use and depression in young adults: findings from a national longitudinal study. Am J Public Health. (2005) 95:453–7. doi: 10.2105/AJPH.2003.030700

63. Awaworyi Churchill S, Farrell L. Alcohol and depression: evidence from the 2014 health survey for England. Drug Alcohol Depend. (2017) 180:86–92. doi: 10.1016/j.drugalcdep.2017.08.006

64. Polimanti R, Peterson R, Ong J, MacGregor S, Edwards A, Clarke T, et al. Evidence of causal effect of major depression on alcohol dependence: findings from the psychiatric genomics consortium. Psychol Med. (2019) 49:1218–26. doi: 10.1017/S0033291719000667

65. Wolfe A, Arroyo C, Tedders S, Li Y, Dai Q, Zhang J. Dietary protein and protein-rich food in relation to severely depressed mood: a 10year follow-up of a national cohort. Prog Neuropsychopharmacol Biol Psychiatry. (2011) 35:232–8. doi: 10.1016/j.pnpbp.2010.11.011

66. Stefańska E, Wendołowicz A, Cwalina U, Kowzan U, Konarzewska B, Szulc A, et al. Assessment of dietary habits of patients with recurrent depressive disorders. Arch Psychiatry Psychother. (2014) 16:39–46. doi: 10.12740/APP/31780

67. Sorić, T, Bočkor L, Šarac J, Čoklo M. The relationship between processed food dietary pattern and depression in adults. Zb Rad 12 Medjunarodnog Znan-Struènog Skupa HRANOM Zdr. (2019) 3:41.

68. Lin Y, Lin G, Lee J, Lee M, Tsai C, Hsu Y, et al. Associations between sleep quality and migraine frequency: a cross-sectional case-control study. Medicine. (2016) 95:e3554. doi: 10.1097/MD.0000000000003554

69. Antonaci F, Nappi G, Galli F, Manzoni G, Calabresi P, Costa A. Migraine and psychiatric comorbidity: a review of clinical findings. J Headache Pain. (2011) 12:115–25. doi: 10.1007/s10194-010-0282-4

70. Ødegård S, Sand T, Engstrøm M, Zwart J, Hagen K. The impact of headache and chronic musculoskeletal complaints on the risk of insomnia: longitudinal data from the Nord-Trøndelag health study. J Headache Pain. (2013) 14:24. doi: 10.1186/1129-2377-14-24

71. Uhlig B, Engstrøm M, Ødegård S, Hagen K, Sand T. Headache and insomnia in population-based epidemiological studies. Cephalalgia. (2014) 34:745–51. doi: 10.1177/0333102414540058

72. Onderwater G, van Oosterhout W, Schoonman G, Ferrari M, Terwindt G. Alcoholic beverages as trigger factor and the effect on alcohol consumption behavior in patients with migraine. Eur J Neurol. (2019) 26:588–95. doi: 10.1111/ene.13861

73. Nowaczewska M, Wiciński M, Kaźmierczak W. The ambiguous role of caffeine in migraine headache: from trigger to treatment. Nutrients. (2020) 12:2259. doi: 10.3390/nu12082259

74. Bruce C, Yates D, Thomas P. Caffeine decreases exhaled nitric oxide. Thorax. (2002) 57:361–3. doi: 10.1136/thorax.57.4.361

75. Umemura T, Ueda K, Nishioka K, Hidaka T, Takemoto H, Nakamura S, et al. Effects of acute administration of caffeine on vascular function. Am J Cardiol. (2006) 98:1538–41. doi: 10.1016/j.amjcard.2006.06.058

76. Jeyarajah D, Kielar M, Penfield J, Lu C. Docosahexaenoic acid, a component of fish oil, inhibits nitric oxide productionin vitro. J Surg Res. (1999) 83:147–50.

77. Maghsoumi-Norouzabad L, Mansoori A, Abed R, Shishehbor F. Effects of omega-3 fatty acids on the frequency, severity, and duration of migraine attacks: a systematic review and meta-analysis of randomized controlled trials. Nutr Neurosci. (2018) 21:614–23. doi: 10.1080/1028415X.2017.1344371

78. Hibbeln J, Linnoila M, Umhau J, Rawlings R, George D, Salem N. Essential fatty acids predict metabolites of serotonin and dopamine in cerebrospinal fluid among healthy control subjects, and early-and late-onset alcoholics. Biol Psychiatry. (1998) 44:235–42.

79. Prentice A. Dairy products in global public health. Am J Clin Nutr. (2014) 99:1212S–6S. doi: 10.3945/ajcn.113.073437

80. Ariyanfar S, Razeghi Jahromi S, Rezaeimanesh N, Togha M, Ghorbani Z, Khadem E, et al. The association between dairy intake and migraine odds among pediatrics and adolescents: a case-control study. Iran J Child Neurol. (2022) 16:105–22. doi: 10.22037/ijcn.v15i4.3062

81. Jain M, Kumari N, Rai G. A novel formulation of veggies with potent anti-migraine activity. Int J Comput Biol Drug Des. (2015) 8:54. doi: 10.1504/IJCBDD.2015.068787

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

83. Hosseini B, Berthon B, Saedisomeolia A, Starkey M, Collison A, Wark P, et al. Effects of fruit and vegetable consumption on inflammatory biomarkers and immune cell populations: a systematic literature review and meta-analysis. Am J Clin Nutr. (2018) 108:136–55. doi: 10.1093/ajcn/nqy082

84. Patel, A, Thompson A, Abdelmalek L, Adams-Huet B, Jialal I. The relationship between tyramine levels and inflammation in metabolic syndrome. Horm Mol Biol Clin Invest. (2019) 40:20190047. doi: 10.1515/hmbci-2019-0047

85. Natbony L, Green M editors. Integrative Headache Medicine: an Evidence-Based Guide for Clinicians. Cham: Springer International Publishing (2021). doi: 10.1007/978-3-030-71513-7

86. Meyer J, Döring A, Herder C, Roden M, Koenig W, Thorand B. Dietary patterns, subclinical inflammation, incident coronary heart disease and mortality in middle-aged men from the MONICA/KORA Augsburg cohort study. Eur J Clin Nutr. (2011) 65:800–7. doi: 10.1038/ejcn.2011.37

87. Ebrahim I, Shapiro C, Williams A, Fenwick P. Alcohol and sleep I: effects on normal sleep. Alcohol Clin Exp Res. (2013) 37:539–49.

88. Britton A, Fat L, Neligan A. The association between alcohol consumption and sleep disorders among older people in the general population. Sci Rep. (2020) 10:5275. doi: 10.1038/s41598-020-62227-0

89. Lavialle M, Champeil-Potokar G, Alessandri J, Balasse L, Guesnet P, Papillon C, et al. An (n-3) polyunsaturated fatty acid–deficient diet disturbs daily locomotor activity, melatonin rhythm, and striatal dopamine in Syrian hamsters. J Nutr. (2008) 138:1719–24.

90. Komada Y, Okajima I, Kuwata T. The effects of milk and dairy products on sleep: a systematic review. Int J Environ Res Public Health. (2020) 17:9440. doi: 10.3390/ijerph17249440

91. Aslam H, Marx W, Rocks T, Loughman A, Chandrasekaran V, Ruusunen A, et al. The effects of dairy and dairy derivatives on the gut microbiota: a systematic literature review. Gut Microbes. (2020) 12:1799533. doi: 10.1080/19490976.2020.1799533

92. Bernini L, Simão A, de Souza C, Alfieri D, Segura L, Costa G, et al. Effect of Bifidobacterium lactis HN019 on inflammatory markers and oxidative stress in subjects with and without the metabolic syndrome. Br J Nutr. (2018) 120:645–52. doi: 10.1017/S0007114518001861

93. Berk M, Williams L, Jacka F, O’Neil A, Pasco J, Moylan S, et al. So depression is an inflammatory disease, but where does the inflammation come from? BMC Med. (2013) 11:200. doi: 10.1186/1741-7015-11-200

94. Hockey M, Mohebbi M, Tolmunen T, Hantunen S, Tuomainen T, Macpherson H, et al. Associations between total dairy, high-fat dairy and low-fat dairy intake, and depressive symptoms: findings from a population-based cross-sectional study. Eur J Nutr. (2022) 62:227–37.

95. Ligthart L, Hottenga J, Lewis C, Farmer A, Craig I, Breen G, et al. Genetic risk score analysis indicates migraine with and without comorbid depression are genetically different disorders. Hum Genet. (2014) 133:173–86.

96. Zhang Q, Shao A, Jiang Z, Tsai H, Liu W. The exploration of mechanisms of comorbidity between migraine and depression. J Cell Mol Med. (2019) 23:4505–13. doi: 10.1111/jcmm.14390

97. Wei Y, Blanken T, Van Someren E. Insomnia really hurts: effect of a bad night’s sleep on pain increases with insomnia severity. Front Psychiatry. (2018) 9:377. doi: 10.3389/fpsyt.2018.00377

98. Stoffers D, Altena E, van der Werf Y, Sanz-Arigita E, Voorn T, Astill R, et al. The caudate: a key node in the neuronal network imbalance of insomnia? Brain J Neurol. (2014) 137:610–20. doi: 10.1093/brain/awt329

99. Broberg M, Karjalainen J, FinnGen, Ollila H. Mendelian randomization highlights insomnia as a risk factor for pain diagnoses. Sleep. (2021) 44:zsab025. doi: 10.1093/sleep/zsab025

100. van der Werf Y, Altena E, van Dijk K, Strijers R, De Rijke W, Stam C, et al. Is disturbed intracortical excitability a stable trait of chronic insomnia? A study using transcranial magnetic stimulation before and after multimodal sleep therapy. Biol Psychiatry. (2010) 68:950–5.

101. Haack M, Scott-Sutherland J, Santangelo G, Simpson N, Sethna N, Mullington J. Pain sensitivity and modulation in primary insomnia. Eur J Pain Lond Engl. (2012) 16:522–33. doi: 10.1016/j.ejpain.2011.07.007

102. Minelli C, Del Greco MF, van der Plaat D, Bowden J, Sheehan N, Thompson J. The use of two-sample methods for Mendelian randomization analyses on single large datasets. Int J Epidemiol. (2021) 50:1651–9. doi: 10.1093/ije/dyab084


OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between dietary habits and the risk of migraine: a Mendelian randomization study



		1. Introduction



		2. Materials and methods



		2.1. Data sources



		2.2. Construction of genetic instruments



		2.3. Study design



		2.3.1. The associations between 83 dietary habits and migraine and the potential mediator role of 8 risk factors



		2.3.2. Bidirectional causality between dietary habits and migraine as well as dietary habits and risk factors







		2.4. Statistical analysis







		3. Results



		3.1. Association between genetically predicted dietary habits and migraine



		3.2. Association between genetically predicted dietary habits and risk factors



		3.3. Association between genetically predicted possible mediators and migraine



		3.4. The potential mediator role of insomnia and MDD



		3.5. Association between migraine and dietary habits







		4. Discussion



		4.1. Principal findings



		4.2. Comparisons with other studies



		4.3. Potential mechanisms



		4.4. Strength and limitations







		5. Conclusion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References

















OPS/images/fnut-10-1123657-g001.jpg
Variable inclusion and data sources

Exposure: 83

food intake traits

Study design

(UK Biobank)

Two-sample MR

Outcome: Migraine
(MA and MO)
(Finngen Release 6)

TE: 4 Network MR NIE: 2)x(3

............................................

Analyses performed for each step

>
SNPs
MR study

Instrument selection

(@ Independent lead SNPs: reported

by recent GWAS literature, or
filtered from genetic associations
dataset from GWAS literature.

@) Available in the outcome GWAS.

g

Calculate F statistic

Main analysis:
£ Random-effects inverse-
variance weighted (IVW)

Mediators: 8 risk factors (SBP. DBP.

Serum total calcium. Neuroticism.
Difficulty awakening, Insomnia.

MDD, anxiety from GWAS studies)

Bidirectional MIR

Dietary |
habits

Sensitivity analyses:
F statistic; leave-one-out; weighted
median; mode-based; MR-Egger

regression*; MR-PRESSO

Y

Evaluation the strength of potential causal evidence (below).

Evaluation the strength of potential causal evidence

.........................

Replication
analyses**:

Y Using different

datasets or different
genetic instruments.

Overall Strength of Direction of effect
evidence# association Fitness of MR assumptions across studies
estimates
Reliable MR estimates consistent with P < Bonferroni-corrected
threshold across sensitivity analyses (except for MR Egger) . MR Egger mtercept showed
- pPo . . . . . \
. IVW: P vah{c < The estinate. fom 1 of sensiivity e fccncetie Ml little .evldence of horizontal The: direction c.>f MR
Insufficient Bonferroni- Roged) 1 st sSunbirant pleiotropy, or the results estimates consistent
corrected threshold i s i sicoaiacon doesn't change significantly across studies.
Estimates from 2 or more of sensitivity analyses (except for after the removal of outliers.
Weak ; A
MR Egger) is not significant.






OPS/images/fnut-10-1123657-g002.jpg
Exposure N SNPs Estimate 95% CI P value .
Reliable evidence

cups of coffee per day 139 —e— 0:71 (0.59,0.86) 3.54x10™ 5.57

overall oily fish intake 191 e 0.73 (0.59,0.90) 3.99x10° 2047

overall cheese intake 27 —e— 0.78 (0.63,0.95) 1.34x102 2062
Insufficiency of evidence

tablespoons of raw vegetables per day 146 P——e— 0.72 (0.57,0.92) 8.28x1 0° 11.43

bread type: wholemeal/wholegrain vs. white + brown 169 —e— 0.76 (0.63,0.92) 4.44x10™ 12.38
Weak evidence

among current drinkers, drinks usually with meals: yes + it varies vs. no 107 % . ! 0.61 (0.47,0.80) 3.25x10*  15.45

red wine glasses per month 135 ——e— 0.65 (0.51,0.82) 3.37x10* 16.01

cereal type: muesli vs. any other 86 [ | 0.65 (0.48,0.89) 6.92x10°  21.00

overall alcohol intake 282 —e— 0.74 (0.62, 0.88) 6.65x10™ 21.00

total drinks of alcohol per month 281 —e&— 0.75 (0.63,0.89) 1.14x10° 21.73

bread type: white vs. wholemeal/wholegrain + brown 172 —e— 143 (1.18; 1.13) 2.80x10™ 5.66

bread type: white vs. any other 162 —e— 1.51 (1.22, 1.88) 1.85x10™ 14.76

cereal type: cornflakes/frosties vs. any other 79 [ . 1.53 (1.14,2.05) 4.13x10° 0.00

overall poultry intake 62 [ ! 1.70 (1.19,2.43) 3.76x10° 0.00

| | | | |
04 05 1 1.2 1.6 25

QOdds ratio





OPS/images/fnut-10-1123657-t002.jpg
Exposure Mediator | Outcome TE NIE (95% CI) | Proportion (95% ClI)
Bread type: white vs. any other Insomnia Migraine 1.511462 1.049 (1.024, 1.075) 11.62% (3.67%, 19.58%)
Bread type: white vs. wholemeal/wholegrain + brown Insomnia Migraine 1.42896 1.049 (1.025, 1.073) 13.39% (4.3%, 22.48%)
Bread type: wholemeal/wholegrain vs. white + brown Insomnia Migraine 0.760494 | 0.948 (0.925, 0.971) 19.59% (4.45%, 34.73%)
Cereal type: muesli vs. any other Insomnia Migraine 0.651232 0.932 (0.901, 0.963) 16.46% (2.92%, 30%)
Cereal type: muesli vs. any other MDD Migraine 0.651232 0.879 (0.816, 0.948) 29.96% (5.54%, 54.38%)
Among current drinkers, drinks usually with meals: yes + it Insomnia Migraine 0.609764 0.922 (0.89, 0.955) 16.42% (5.7%, 27.15%)
varies vs. no

Among current drinkers, drinks usually with meals: yes + it MDD Migraine 0.609764 0.88 (0.823, 0.941) 25.81% (8.86%, 42.77%)
varies vs. no

Overall alcohol intake Insomnia Migraine 0.740076 0.977 (0.961, 0.993) 7.76% (1.16%, 14.36%)
Overall alcohol intake MDD Migraine 0.740076 0.954 (0.922, 0.986) 15.8% (2.91%, 28.7%)
Red wine glasses per month Insomnia Migraine 0.648894 | 0.959 (0.937, 0.982) 9.66% (2.47%, 16.85%)
Red wine glasses per month MDD Migraine 0.648894 | 0.932 (0.887, 0.979) 16.3% (3.33%, 29.27%)
Overall cheese intake Insomnia Migraine 0.775472 0.97 (0.951, 0.99) 11.92% (0.18%, 23.67%)
Overall cheese intake MDD Migraine 0.775472 0.952 (0.917, 0.988) 19.24% (0.14%, 38.34%)
Overall oily fish intake Insomnia Migraine 0.735076 0.97 (0.951, 0.989) 10.05% (1.13%, 18.96%)
Bread type: white vs. any other Insomnia MO 1.637199 1.068 (1.032, 1.106) 13.38% (2.91%, 23.85%)
Bread type: white vs. wholemeal/wholegrain + brown Insomnia MO 1.505478 1.068 (1.033, 1.104) 16.06% (2.67%, 29.45%)
Bread type: wholemeal/wholegrain vs. white + brown Insomnia MO 0.635146 0.928 (0.896, 0.961) 16.5% (4.61%, 28.4%)
Red wine glasses per month Insomnia MO 0.542683 0.943 (0.912, 0.976) 9.55% (2.19%, 16.91%)
Red wine glasses per month MDD MO 0.542683 0.909 (0.849, 0.974) 15.56% (2.65%, 28.46%)
Overall oily fish intake Insomnia MO 0.65074 0.96 (0.934, 0.986) 9.61% (0.29%, 18.94%)

TE, total effect of the exposure on the outcome expressed in odds ratio (OR) scale; NIE, natural indirect effect of exposure on the outcome in OR scale; Proportion, the proportion of the tota
effect of exposure on outcome that mediator accounts for; CI, confidence interval; MDD, major depression disorder.






OPS/images/cover.jpg
, frontiers | Frontiers in Nutrition






OPS/images/fnut-10-1123657-t003.jpg
Exposure Outcome N snps OR/beta 95% ClI P-value e

Migraine Alcohol drinker status: current + former vs. never (BI) 119 0.98 (0.98,0.99) 2.88E-08 27.8113
Alcohol drinker status: current vs. never (BI) 119 0.98 (0.98,0.99) 3.89E-09 28.43266
Beer/cider glasses per month 113 —0.02268 (—0.04, 0.002336 44.11665
—0.01)
Champagne/white wine glasses per month 119 —0.03 (—0.05, 02) 1.31E-05 48.3337
Total drinks of alcohol per month 117 —0.05905 (=0.07, 2.65E-13 60.96577
—0.04)
Overall alcohol intake 117 —0.0571 (=0.07, 1.13E-12 61.41067
—0.04)
Red wine glasses per month 119 —0.04 (—0.05, 02) 1.40E-09 36.16403
MA Red wine glasses per month 118 0.040107 (0.03, 0.05) 4.02E-08 37.28982

MA, migraine with aura; MO, migraine without aura; OR, odds ratios; N snps, the number of instrumental SNPs used for each dietary exposure. I, the amount of heterogeneity among

estimates based on individual SNPs.










OPS/images/fnut-10-1123657-t001.jpg
Variable Consortium Sample size Population | References
(case/control)
Main and sensitivity analyses
Dietary habits - 449,210 - European (16)
Migraine FinnGen release 6 260,405 - European (17)
Systolic blood pressure International Consortium of Blood 458,575 SD = 20.7 mm Hg European (18)
Pressure (ICBP)
Diastolic blood pressure 458,577 SD = 11.3 mm Hg
Serum total calcium - 305,349 mmol/L European (19)
Neuroticism - 449,484 - European (20)
Difficulty awakening Neale lab 451,872 - European -
Insomnia - 1,331,010 (397,959/933,051) - European 1)
Major depression disorder - 807,553 (246,363/561,190) - European 22)
Anxiety Integrative Psychiatric Research 23,809 (4,584/19,225) - European 23)
(iPSYCH)
Replication analyses
Alcohol consumption GWAS and Sequencing Consortium | 941,280 SD of log-transformed European (41)
of Alcohol and Nicotine use (GSCAN) weekly alcohol drinks
consumed
Cheese intake MRC IEU 451,486 SD European —
Average weekly red wine intake | Neale lab 257,773 Glasses European -
Major depression disorder - 480,359 (135,458/344,901) - European (43)
Food phenotypes as well as their | — 445,779 - European (44)
PCs

SD, standard deviation.







OPS/images/logo.jpg
P frontiers | Frontiers in Nutrition







