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Background: Severe headache or migraine is a neurological disease that seriously affects the quality of human life. Oxidative stress is considered a main factor in the pathogenesis of severe headache or migraine. The Composite Dietary Antioxidant Index (CDAI) is a score calculated using six dietary antioxidant components (including vitamins A, C, E, selenium, zinc, and carotenoid), which represents a person’s level of dietary antioxidant ingredients. Based on the theory of oxidative stress, we speculated that CDAIs may be relevant to the risk of severe headache or migraine, as the relationship between the CDAI and severe headache or migraine is unclear. Hence, the purpose of this study was to explore the relationship between the CDAI and severe headache or migraine in participants.

Methods: We performed a cross-sectional study using data from the National Health and Nutrition Examination Survey (NHANES) that were collected from 2001 to 2004. A total of 4,943 participants were included, of whom 1,232 experienced severe headaches or migraines. Participants’ CDAIs were calculated based on their intake of six dietary antioxidants. We used logistic regression models, limited cubic spline analysis, and subgroup analysis to assess the association of CDAI with severe headache or migraine.

Results: The multivariate logistic regression model (correcting for all potential covariates) revealed that the odds ratio (95% Confidence Interval [CI]) for the association between CDAI and severe headache or migraine was 0.97 (95% CI = 0.95–1.00, p = 0.048). Compared with individuals with low CDAIs in Quartile (Q)1, the adjusted Odds Ratio between the CDAI and severe headache or migraine in Q2, Q3, and Q4 were 0.84 (95% CI = 0.69–1.01, p = 0.07), 0.77 (95% CI = 0.63–0.96, p = 0.017), and 0.73 (95% CI = 0.56–0.95, p = 0.02), respectively. Restricted cubic spline regression analysis showed an L-shaped relationship between the CDAI and severe headache or migraine.

Conclusion: Our findings indicate that higher CDAI was associated with a lower risk of severe headache or migraine.
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1 Introduction

Migraine is a widespread neurological disorder that affects more than 1 billion people worldwide (1), the majority of whom are women. The main manifestation is a severe throbbing headache on one or both sides of the head, mostly occurring on one side. Migraine is often accompanied by nausea, vomiting, and high sensitivity to light and sound, and migraine attacks have a negative impact on the individual’s quality of life (2). Studies have shown that patients with migraine have a significantly increased risk of panic attacks and anxiety (3, 4). Migraine has a high incidence and a long duration, ranking secondn the burden of neurological diseases. The World Health Organization ranks migraine as the third most common disease worldwide and the second most disabling neurological disease. According to the American Migraine Prevalence and Prevention Study, most people with “severe headaches” meet the diagnostic criteria for migraine (5). The pathogenesis of severe headache or migraine is currently uncertain, but oxidative stress is considered the main factor in the pathological process (6–8). Migraine attacks are an adaptive response to a lack of brain energy and elevated levels of oxidative stress (9). Many studies support the hypothesis that oxidative stress is caused by defects in the oxidative energy metabolism of brain mitochondria (10). Oxidative stress refers to an excessive production of highly active molecules, such as reactive oxygen species and reactive nitrogen in the body, which causes an imbalance of the body’s oxidation and antioxidant systems, leading to tissue damage.

Based on the theory of oxidative stress damage, many researchers have confirmed that a single dietary antioxidant component has a beneficial effect on severe headache or migraine. However, the diets of humans contain a variety of nutrients, and the impact on the human body is caused by the joint action of the overall nutritional components. We believe that it is necessary to conduct a comprehensive evaluation of various antioxidant components to explore a meaningful scoring system. The Composite Dietary Antioxidant Index (CDAI), developed by Wright et al. (11), is a comprehensive score that measures a variety of dietary antioxidants, including selenium, zinc, carotenoid, and vitamins A, C, and E. The CDAI is a reliable nutritional indicator that reflects the antioxidant properties of an individual’s diet. Previous studies (11–18) have reported that a high CDAI was associated with a reduced risk of several types of cancer and chronic diseases, the handgrip strength of a group with a high CDAI was higher, and high CDAIs have been confirmed to have anti-aging and anti-depression properties. Furthermore, a high CDAI is related to a lower risk of all-cause mortality and cardiovascular deaths (19).

The results of previous research support the beneficial effect of a higher CDAI in preventing the occurrence and development of a variety of diseases due to antioxidant stress. Oxidative stress is regarded as one of the mechanisms of severe headache or migraine; therefore, we hypothesized that a high CDAI would be related to a lower risk of severe headache or migraine. This study used survey data from the National Health and Nutrition Examination Survey (NHANES) database to conduct a cross-sectional study to investigate the potential relationship between the CDAI and severe headache or migraine.



2 Materials and methods


2.1 Data source

The NHANES is a research program designed to assess the health and nutrition status of adults and children in the United States (US).1 The NHANES included demographic, screening, dietary, laboratory, and questionnaire data collected by trained researchers via home visits, medical examinations, and laboratory tests. The studies involving humans were reviewed and approved by the National Center for Health Statistics Ethics Review Board. Participants provided written informed consent for participation in NHANES. The data were de-identified and all participant data were obtained from publicly available NHANES. Our study is a secondary analysis of the 2001–2004 NHANES data collected by the Centers for Disease Control and Prevention and the secondary analysis does not require additional institutional review board approval.



2.2 Screening of the research data

This study used the 2001 to 2004 data from the NHANES that were collected from 31,126 participants who respondents to the survey. We excluded 14,197 participants who were younger than 20 years of age and participants older than 60 years. Among the remaining 6,864 individuals aged 20 to 60 years, we excluded 550 pregnant women, as well as individuals who lacked data on severe headache, migraine, diet, or covariates. In the end, a total of 4,943 participants were enrolled in the study (Figure 1). Of these, 1,232 experienced severe headaches or migraines.
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FIGURE 1
 Flow chart of the screening of the subjects. A total of 6,864 participants aged 20–60 years from NHANES 2001 to 2004 were included. Pregnant women and those who miss headache data, diet data, and covariates were excluded. A total of 4,943 participants were included. NHANES, National Health and Nutrition Examination Survey.




2.3 Study variables


2.3.1 Exposure variable: CDAI

Information about each of the participant’s food and nutrient intake was collected during the dietary interview component called, “What we eat in America.” Participants were asked to recall specific foods and beverages consumed during the 24 h prior to the interview. As part of the dietary survey, the US Department of Agriculture and US Department of Health and Human Services worked together to determine participants’ nutrient intake. Two days of intake data were recorded for each participant in the 2003–2004 cycle. The first day is collected in the Mobile Examination Center (MEC) and the second day is collected by telephone 3 to 10 days later. In order to be consistent with the data for the 2001–2002 cycle, we used the first day intake data collected in MEC. We used six dietary antioxidant intakes of concern from the NHANES diet interview section: zinc, selenium, carotenoid, vitamin A, vitamin C, and vitamin E. The carotenoid intake was estimated based on the intake of alpha-carotene, beta-carotene, beta-cryptoxanthin, lycopene, lutein and zeaxanthin. In this study, the calculations of dietary nutrient intake did not include nutrients from medications, common drinking water, or dietary supplements.

We used a modified version of the CDAI formula developed by Wright et al. (11, 20, 21) to calculate participants’ CDAIs. Briefly, we normalized the intake of each antioxidant by subtracting the mean and dividing it by the standard deviation; then we added the standardized intake of 6 dietary antioxidants to calculate the CDAI.
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2.3.2 Outcome variable: severe headache or migraine

Headache diagnoses and assessments were based on participants’ self-reports. Relevant headache information was obtained from the “Miscellaneous pain” section of the NHANES questionnaire. In this section, the specific question was “Have you had severe headaches or migraines in the past 3 months?” If participants answered “Yes,” they were considered to be suffering from severe headaches or migraines. The American Migraine Prevalence and Prevention (AMPP) study (5) showed that 17.4% of individuals reported “severe headache,” of which 11.8% met the International Headache Disorder Type II (ICHDII) criteria for migraine, 4.6% met the criteria for “possible migraine,” and only 1% were identified as “other severe headache.” Given the demographic resemblance of our study’s participants to population samples from epidemiological surveys, it seems reasonable to deduce that most of the participants with severe headaches did indeed have migraines. Therefore, it is justified to label participants who reported severe headaches or migraines in the NHANES as migraine sufferers. Previous studies using NHANES data to examine the relationship between migraine and nutrients (22, 23), body mass index (24), and serum markers (25) have also used the same inference to assess migraine.



2.3.3 Baseline data collection

Based on the available literature, we evaluated the potential confounding factors that were likely to affect the link between the CDAI and severe headache or migraine (sex, age, poverty income ratio [PIR], marital status, educational level, body mass index [BMI], smoking, energy, protein, carbohydrates, C-reactive protein, total cholesterol, and chronic disease status, such as stroke, coronary heart disease, hypertension, diabetes, and asthma).

We divided marital status into unmarried, divorced/widowed/separated, and married/cohabiting. Educational level was classified as: less than high school, high school or equivalent, and more than high school. The PIR was calculated by dividing a household’s total income by the federal poverty line for that year. Participants’ BMI was defined as the ratio of weight (kg) to height squared (m2). Smoking status was classified as never smoked/former smoker and smoking/current smoker. Protein-, carbohydrate- and energy intake were determined using the total dietary nutrient intake questionnaire. The diagnoses of stroke, coronary heart disease, and asthma were determined, based on self-reported results from the Medical Conditions section of the questionnaire. The diagnoses of hypertension and diabetes were determined in accordance with BPQ020 and DIQ010, respectively, in the questionnaire.




2.4 Statistical analyses

IBM SPSS Statistics V26 software and Free Statistics software were used to organize and analyze the data. p < 0.05 was considered statistically significant. The CDAIs were converted to a quartile array to describe and analyze participants’ demographic characteristics. Categorical variables are expressed as proportions (%) and continuous variables are described as either mean [standard deviation, (SD)] or median [interquartile range, (IQR)]. Differences were analyzed between the CDAI quartile arrays using the Chi-square, Variance analysis or Kruskal-Wallis H test. We used logistic univariate analysis to explore the relationship between the covariates we identified and severe headache or migraine.

We used a logistic regression model to investigate the association between the CDAI, CDAI category, and severe headache or migraine. Model 1 had no covariate adjustments. According to the relevant epidemiological research literature, age and sex are closely related to the risk of severe headache or migraine (26, 27); therefore, sex and age were adjusted in the multivariate analysis (Model 2). Reports in the existing literature show that poverty, low educational level, stressful life events (such as divorce or death of a spouse), and obesity can increase the risk of severe headache or migraine (28–31). Education, PIR, marriage, and BMI are potential confounding factors that may affect the CDAI and the risk for migraine. Smoking can cause oxidative stress and increase the risk of vascular events. Furthermore, smokers are also more likely than non-smokers to have severe headaches or migraines (32, 33). Therefore, Model 3 adjusted for PIR, education, marriage, BMI, and smoking.

Previous cross-sectional surveys have revealed that a high CDAI is associated with a low risk of diabetes, hypertension, coronary heart disease, and stroke (15, 34–36), whereas chronic disease status is closely related to the occurrence and development of headache. Liu Wang et al. (37) found that blood pressure is negatively correlated with the occurrence of headache. A prospective population-based study identified blood pressure as a risk factor for headache and migraine (38). Rivera-Mancilla et al. (39) showed that people who are obese and those with diabetes were more likely to experience migraines. Several studies have reported an association of severe headaches or migraines with coronary heart disease and stroke (40–42). Other studies have found an increase in the prevalence and incidence of migraines in patients with asthma (43). A study by Tana et al. (44) reported a correlation between the frequency and pain of migraine and total cholesterol, which was clearly positive. A population-based follow-up study showed that levels of C-reactive protein (CRP) were related to an increased risk of migraine (45). A review of CRP and migraine showed significantly higher CRP concentrations in patients with migraine than in the controls (46). Therefore, in Model 3, we adjusted for five common diseases (hypertension, diabetes, stroke, coronary heart disease, and asthma) and two serological indicators (total cholesterol and CRP).

Studies by Razeghi Jahromi et al. (47) suggest that high-protein, low-carb, and low-calorie diets are effective strategies for preventing headaches and migraines. A randomized controlled trial showed that a very low-calorie ketogenic diet was more effective than a low-calorie balanced diet in preventing high-frequency migraine attacks (48). Therefore, in the multivariate regression analysis, protein, carbohydrate, and capacity intake were also adjusted as potential confounders.

We then adjusted for all potential confounding factors and used restricted cubic spline regression analyses to illustrate the curvy relationship between the CDAI and severe headache or migraine. The association of CDAI with severe headache or migraine was further explored with participants stratified by sex (male/female), age (20–40/40–60 years old), PIR (<2.0/2.0–4.0/≥4.0), education (less than high school/high school or equivalent/more than high school), and BMI (<25.00/25.00–30.00/≥ 30.00).




3 Results


3.1 Baseline characteristics

Table 1 shows the baseline characteristics of all participants by CDAI quartile. Sex, age, marital status, educational level, PIR, smoking, hypertension, severe headache or migraine, energy, protein, carbohydrate, vitamin A, vitamin C, vitamin E, carotenoid, zinc, selenium and CRP in the different quartiles were found to have statistically significant differences (p < 0.05). The mean age of the participants was 39.6 ± 11.5 years, including 2,421 females (49.0%) and 2,522 males (51.0%). Compared to the first quartile array, the group with the high CDAI tended to be younger, have a higher proportion of men, be married, cohabitate or unmarried, have a higher level of education, a higher economic status and a lower CRP. Participants who had never smoked cigarettes had higher CDAIs. Compared to the first quartile array, participants in the higher CDAI group were relatively less likely to have hypertension, severe headache or migraine. Participants with higher CDAIs had higher intakes of energy, carbohydrates, protein, vitamin A, vitamin C, vitamin E, zinc, selenium, and carotenoids.



TABLE 1 Demographic characteristics stratified by CDAI quartiles (N = 4,943).
[image: Table1]



3.2 Univariate analysis

Table 2 presents the results of the univariate analysis. Statistically significant associations of age, sex, educational level, marital status, PIR, smoking status, and BMI with severe headache or migraine were found. Women were more likely than men to experience severe headaches or migraines within 3 months, with an odds ratio (OR) and a 95% Confidence Interval (CI) of 2.31 (2.02–2.64, p < 0.001). Participants who were divorced/separated/widowed, had less than a high school education, smoked cigarettes, had high blood pressure, diabetes, asthma, stroke, or a high BMI were more likely to experience severe headaches or migraines.



TABLE 2 Associations of covariates and the risk of severe headache or migraine.
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3.3 Association between the CDAI and severe headache or migraines

Table 3 presents the results of the multivariate analysis, in which the relationship between the CDAI and headache were analyzed further. In this analysis, we constructed three models to investigate the relationship between the CDAI and severe headache or migraine. Model 1 was not adjusted. Model 2 was adjusted for age and sex. Model 3 was adjusted for age, sex, marital status, PIR, education, smoking, BMI, hypertension, diabetes, asthma, coronary heart disease, stroke, carbohydrate intake, energy, protein intake, CRP, and total cholesterol. The OR for Model 1 was 0.96 (95% CI = 0.94–0.98, p = 0.001), suggesting that the CDAI (continuous value) was negatively associated with severe headache or migraine. After correcting for all of the covariates in Model 3, the OR was found to be 0.97 (95% CI = 0.95–1.00, p = 0.048), indicating that for each unit increase in the CDAI, the risk of severe headache or migraine was reduced by 3%. We then grouped the CDAI quartiles to explore the relationship between the CDAI and outcome events. After adjusting for potential confounders, compared with individuals with low CDAIs in the Q1 group, the adjusted ORs between the CDAI and severe headache or migraine in the Q2, Q3, and Q4 groups were 0.84 (95% Cl, 0.69–1.01, p = 0.07), 0.77 (95% Cl, 0.63–0.96, p = 0.017), and 0.73 (95% Cl, 0.56–0.95, p = 0.02), respectively. Compared to patients in Q1, the patients in Q3 and Q4 had a 23 and 27% reduction in migraine prevalence, respectively. Moreover, the p-value for trend was significant (p = 0.014). We also analyzed the data to determine whether there was a nonlinear correlation between the CDAI and headache. After adjusting for age, sex, education, marital status, PIR, smoking, BMI, hypertension, diabetes, asthma, coronary heart disease, stroke, energy, protein, carbohydrates, CRP, and total cholesterol, the CDAI showed an L-shaped relationship with severe headache or migraine (Figure 2). The results of RCS analysis showed that when CDAI was less than about 2.0, the odds ratio of severe headache or migraine decreased significantly with the increase of CDAI. When CDAI is greater than about 2.0, the odds ratio of severe headache or migraine does not decrease significantly.



TABLE 3 Association of CDAI, CDAI quartile and severe headache or migraine base on logistic regression analysis.
[image: Table3]
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FIGURE 2
 Association between the CDAI and the outcome event’s odds ratio. Outcome event: severe headache or migraine; CDAI, composite dietary antioxidant index.




3.4 Subgroup analysis of CDAI and severe headache or migraine

Subgroup analysis was conducted to explore potential associations between the CDAI and severe headache or migraine among the different study groups based on their age, sex, socio-economic level, educational level, and BMI (Figure 3). The study revealed that in some subgroups, higher CDAI was not always associated with a lower risk of migraine. Subgroup analysis showed that this association was not statistically significant among age subgroups, low income, high income, education below high school, and non-obese groups (p > 0.05). The results revealed that CDAI was negatively associated with severe headache or migraine in males, those with a high educational level, 2 < PIR < 4, and a BMI ≥ 30.00 (p < 0.05). No significant interactions were observed for all subgroup variables (all p-values for interaction >0.05).

[image: Figure 3]

FIGURE 3
 Subgroup analysis of the relationship of the CDAI with severe headache or migraine. In addition to stratifying the variables, each stratification was adjusted for all other variables. CDAI, composite dietary antioxidant index; OR, odds ratio; CI, confidence interval.





4 Discussion

There was a negative association between CDAI and migraine prevalence, which also remained stable after adjusting for potential confounders. Participants with the highest quartile of CDAI were 27 percent less likely to experience severe headache or migraine compared to those with the lowest quartile.

Oxidative stress refers to a state of imbalance between oxidation and antioxidant action in the body, which tends to oxidize. In response to nutritional imbalance, infection, drugs, environmental pollution, and other factors, the human body produces excessive free radicals, which causes damage to the intracellular antioxidant defense system. This process results in lipid peroxidation and degeneration of biological macromolecules, such as proteins and nucleic acids, leading to various adverse consequences. Current medical research has reported that oxidative stress damage promotes the occurrence and development of neurodegenerative diseases, tumors, cardiovascular diseases, osteoarthritis, and other diseases. Most severe headaches and migraines are categorized as neurovascular diseases, and there is extensive evidence showing that oxidative stress is one of the factors in the pathogenesis of severe headaches or migraines, which suggests that the use of antioxidants is an effective strategy for the prevention and cure of severe headaches or migraines. It seems that higher dietary antioxidant intake or antioxidant supplement intake can regulate headache symptoms in patients. Several studies have reported a relationship between dietary antioxidants and headaches. For example, Liu et al. (49) found that niacin intake in the diet of American adults showed an L-shaped relationship with migraines, and the inflection point was about 21.0 mg/day. Zheng Heqing et al. used the NHANES data to conduct a cross-sectional study that revealed a salient association between a higher zinc intake and a lower incidence of migraine (22, 50). A randomized controlled trial on migraine found that treatment with a proprietary supplement containing magnesium, riboflavin, and coenzyme Q10 could effectively reduce the frequency of migraines and relieve pain (51). Another study showed that 95 patients with migraine who supplemented their diets with folic acid and pyridoxine for 3 months significantly reduced the severity of migraine as well as the frequency and duration of headaches (52). These studies further support the protective effect of antioxidants against severe headache or migraine.

However, the effect of diet on the body’s oxidative environment is often a synergistic effect of multiple antioxidant components, and considering the mixed composition of nutrients in foods, evaluating the overall dietary antioxidant intake could provide information that is more comprehensive. The CDAI is a measure of the total antioxidant level in the diet that reflects the antioxidant effect of the overall diet. The existing literature shows that a high CDAI can eliminate inflammatory factors and reduce the risk of a variety of common diseases, such as lung cancer, hypertension, chronic kidney disease, heart failure, aging, and depression. Existing studies (11, 20, 21) also show that the CDAI is an evaluation tool worthy of further examination; however, the relationship between the CDAI and severe headache or migraine has not been reported. The purpose of this study was to fill the research gap and conduct a comprehensive assessment of the effects of various antioxidants on the occurrence of severe headache or migraine. In this cross-sectional study, which analyzed data from the NHANES, we found that CDAI was inversely associated with severe headache or migraine. Previous studies have shown that subjects with lower total dietary antioxidant capacity scores had a significantly higher frequency of migraine attacks, and the present study further supports this conclusion (53). After adjusting for all the confounding factors, the limited cubic spline showed an L-shaped curve between the CDAI and severe headache or migraine. As illustrated in Figure 2, the odds ratio of severe headache or migraine decreases as CDAIs increase, and we see a saturation effect, which suggests that the likelihood of experiencing severe headache or migraine is relatively low at high CDAI. In the subgroup analysis, the negative association between the CDAI and headache seem to be stronger among males and obese, middle-income, and higher-educational groups. But the interactions were not statistically significant (p for interaction>0.05). Subgroup analysis was stratified by age, sex, socio-economic level, educational level, and BMI, and no significant interaction was observed for all subgroup variables. This indicates that the association between CDAI and severe headache or migraine may not be affected by these factors. However, the results of subgroup analysis are only preliminary exploration, and more relevant studies are needed to further validate.

The occurrence of migraine is influenced by many factors, including genetic component, environmental factors, diet, metabolism, etc. In this cross-sectional study, although the negative association between CDAI and migraine remained stable after adjusting for multiple confounders, there are still potential factors such as genetic component that may effect this association. The frequency and severity of migraine are also affected by a variety of factors, including diet, sleep, fatigue, environment, etc. However, because the NHANES database does not provide data on the frequency and severity of severe headache or migraine, we were unable to further assess the relationship between CDAI and characteristics of severe headache or migraine (including frequency, duration, and severity), which is one of the limitations of the study. Although there is a genetic predisposition to migraine, lifestyle should still be considered in migraine management. According to existing studies, oxidative stress is considered to be a pathological cause of migraine. Previous research (6–8) had found that the levels of plasma markers of oxidative stress such as 4-hydroxy-2-nonenal (HNE) and malondialdehyde (MDA) in migraine patients were significantly increased. Elevated levels of oxidative stress can not only induce migraine, but also aggravate the frequency and pain of migraine (8, 54). At present, there is a lot of research evidence to support that diet is one of the effective factors in regulating oxidative conditions in vivo, so finding dietary methods to control oxidative stress is a worthy area of attention. Previous studies have shown that dietary patterns rich in antioxidants can combat inflammation, reduce oxidative stress levels, and improve the frequency, duration, and severity of migraine (55, 56). As a dietary antioxidant score, CDAI represents the antioxidant level of an individual’s diet. Vitamin A, vitamin C, vitamin E, zinc, selenium are often considered to be the key components of CDAI, which have the ability to neutralize free radicals, anti-inflammatory, and antioxidant damage (57–60). Existing literature has shown that high CDAI can eliminate inflammatory factors and reduce the risk of various cancers (11–13), hypertension (15), cardiovascular disease (21), depression (20), etc. These studies suggest that high CDAI may reduce the risk of associated diseases by enhancing antioxidant defense mechanisms. A previous study showed that women with high CDAI levels had significantly lower migraine frequency (53). Based on the characteristics of CDAI and the clinical characteristics of migraine, we speculate that the influence of CDAI on migraine may be multifaceted, which may have an impact on the occurrence, frequency and degree of migraine.

The present study suggests that a higher CDAI is a protective factor for severe headache or migraine. The findings of this study also provide useful information about nutritional supplements, which may serve as a guide. The synergistic effect of various antioxidant components maintains the balance of the oxidative environment in humans. Many clinical trials have confirmed that a combination of various antioxidant components is beneficial and safe for preventing migraine in adult patients. For example, a randomized controlled trial revealed that in contrast to the placebo group, people using proprietary supplements containing riboflavin, magnesium, and Q10 had significantly reduced headache severity and duration (48). A prospective observational study demonstrated that the combination of coenzyme Q10, feverfew, and magnesium could significantly reduce the number of headache days experienced by individuals and improve their quality of life (61). A clinical study of Greek patients with migraines found that a fixed combination supplement of magnesium, vitamin B2, feverfew, Andrographis paniculata, and coenzyme Q10 appeared to be an effective and well-tolerated way to prevent migraine (62). These results suggest that it is feasible and necessary to combine multiple antioxidant components in the prevention and treatment of headache. Based on our results and those of other studies, we believe that more studies are worth conducting to guide the manufacturing of proprietary supplements containing various antioxidants to combat oxidative stress effectively and prevent severe headaches or migraines.

This study has the following limitations: (1) Due to the study’s long period of data collection and the complicated method of constructing CDAIs, there may be measurement errors and inaccuracies in the dietary assessments; (2) The population observed in this study was American (US) adults aged 20–60 years, and whether the results can be generalized to other populations remains to be verified; (3) Despite the adjustments made for potential confounders, residual confounders that may still be present could affect the association of the CDAI with severe headache or migraine. (4) Due to the lack of data on the frequency, severity, and duration of severe headache or migraine in NHANES database, our study was unable to further assess the relationship between CDAI and specific features of severe headache or migraine. (5) The study relied on self-reported results from the NHANES pain questionnaire and results from the American Migraine Prevalence and Prevention study to define migraine, an approach that could not be cross-validated against the International Classification of Headache Disorders (ICHD) diagnostic criteria, raising concerns about the accuracy of migraine diagnosis. This approach has been used in previous studies to assess migraine. And we think study results can provide some meaningful insights for future research. Of course, future studies will need to use the ICHD 3rd Edition migraine diagnostic criteria to further confirm our results. (6) The current study is a cross-sectional study that only suggests an association between CDAI and severe headache or migraine, and a causal relationship between CDAI and severe headache or migraine cannot be established.



5 Conclusion

In summary, our study found that higher CDAI was associated with a reduced prevalence of severe headache or migraine. More randomized controlled trials or cohort studies are warranted to further validate the finding.
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Three models were used to observe the association between CDAI and severe headache or migraine. Model 1 was not adjusted. Model 2 was adjusted for age and sex. Model 3 was adjusted for
age,sex,education, marital status, PIR, smoking, BMI, hypertension, diabetes, asthma, coronary heart disease,stroke, energy, protein inake, carbohydrate inake, C-reactive protein, and total
cholesterol. CDAI, composite dietary antioxidant index; NHANES, National Health and Nutrition Examination Survey; OR, odds ratio; 95% CI, 95% confidence interval; Q Quartile.
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