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Background: Dietary antioxidants have long been thought to be likely to prevent the development of gliomas. Previous studies have reported vitamin A, C, and E protective effects against gliomas. B vitamins, one of the main vitamins in the diet, are closely related to human health, but the association with gliomas has rarely been reported.

Objective: This study aimed to evaluate the relationship between five B vitamins and glioma.

Methods: In this Chinese population-based case–control study, 506 glioma cases and 506 matched (age and sex) controls were included. The dietary intake of study participants was assessed using a valid 111-item food frequency questionnaire. The intake of five B vitamins was calculated based on participants’ dietary information from the food frequency questionnaire. The logistic regression model was used to examine the association between B vitamins and glioma, and the restriction cubic spline evaluated the dose–response relationship between the two.

Results: After adjusting for confounding factors, thiamine (OR = 0.09, 95%CI: 0.05–0.20), riboflavin (OR = 0.12, 95%CI: 0.06–0.25), nicotinic acid (OR = 0.24, 95%CI: 0.12–0.47), folate (OR = 0.07, 95%CI: 0.03–0.15) and biotin (OR = 0.14, 95%CI: 0.07–0.30) in the highest tertile were associated with a significantly decreased risk of glioma compared with the lowest tertile. The results of thiamine and biotin in glioma with different pathological types and grades were different. The restricted cubic spline function showed significant dose–response relationships between the intake of five B vitamins and the risk of glioma. When B vitamins exceeded a specific intake, the risk of glioma did not change.

Conclusion: Our study suggests that higher dietary intake of thiamine, riboflavin, nicotinic acid, and folate are associated with a decreased risk of glioma, but the results of biotin are not consistent among different populations. In the future, prospective studies should be conducted better to validate the effects of B vitamins on gliomas.
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Introduction

B vitamins are a group of water-soluble micronutrients required by all forms of cellular life, from bacteria to humans (1). Unlike other nutrients, B vitamins are not classified based on chemical structural similarity but on their physiological functions in tissues and cells (2, 3). As cofactors of hundreds of enzymes, B vitamins are mainly involved in energy metabolism, DNA and protein synthesis, and signal molecule synthesis (3, 4). For B vitamins, the human body cannot synthesize itself, or the amount of synthesis is challenging to meet physiological needs, so it is still necessary to rely on various animal products and plants in the daily diet to obtain essential B vitamins (4). In addition, exercise, alcohol consumption, certain drugs, and changes in body status can also affect the need for B vitamins (4, 5). Thus, deficiencies in B vitamins remain a potential malnutrition problem worldwide (6).

Studies showed that the lack of B vitamins was closely related to cardiovascular diseases (7), neurodegenerative diseases (8, 9), kidney diseases (10), diabetes (11), and other chronic diseases. In recent years, the effects of B vitamins on cancer have also been discovered. Comin-Anduix et al. started subcutaneously injecting different doses of thiamine (vitamin B1) every day for 4 days after tumor implantation in mice. They found that low-dose thiamine can promote tumor growth, while high-dose thiamine can inhibit tumor growth. When thiamine supplementation was started on the 7th day before the tumor inoculation, the inhibitory effect was significantly enhanced, suggesting that thiamine has a preventive effect on cancer (12). A meta-analysis of 6,184 colorectal cancer cases also found that higher intakes of thiamine could significantly reduce the risk of colorectal cancer (Odds ratio (OR) = 0.76, 95%confidence interval (95%CI): 0.65–0.89) (13). Similar results were also found for riboflavin (vitamin B2). Zschabitz et al. found that total riboflavin intakes were negatively associated with the risk of colorectal cancer in a prospective cohort of 88,045 postmenopausal women recruited from 1993 to 1998 (Hazard ratio (HR) = 0.81, 95% CI: 0.66–0.99) (14). Lu et al. also found that riboflavin had a protective effect against gastric cancer (OR = 0.56, 95%CI: 0.39–0.81) in the case–control study based on the Korean population, especially in the female population (OR = 0.52, 95%CI: 0.28–0.97) (15). Although studies have also explored the relationship between nicotinic acid (vitamin B3) and digestive tract cancer, no significant results have been obtained (16). Chen et al. found that niacinamide, a nicotinic acid derivative, can reduce the incidence of non-melanoma skin cancer by 23% (17). In contrast, folate (vitamin B9) had a broader range of effects against cancer. Lin et al. conducted a meta-analysis by including 10 studies on folate intake and pancreatic cancer and found that increasing dietary folate intake by 100 μg/day was associated with a 7% decreased risk of pancreatic cancer (Relative risk (RR) = 0.93, 95%CI: 0.90–0.97) (18). Some studies have found that folate was closely related to lung cancer (19), endometrial cancer (20), and prostate cancer (21).

Although these studies suggested that B vitamins were closely related to cancer, few studies reported the relationship between B vitamins and glioma. The pathogenesis of glioma was still unclear. It was currently believed that this mechanism may be related to genetic mutation of genes (22, 23), disorder of cell signal pathway (24), and defects in DNA damage repair (25). Based on the available evidence, the physiological function of B vitamins also involved these aspects. Therefore, we could not ignore the impact of B vitamins on glioma. On the one hand, the general metabolic functions of B vitamins and their role in neurochemical synthesis may be considered to have specific effects on the brain (3), and the concentrations of B vitamins and their derivatives in the brain were significantly higher than in plasma (26–28). It seemed impossible to ignore the importance of B vitamins for the brain. On the other hand, the effects of other vitamins on glioma have been reported, especially vitamin A, vitamin C, and vitamin E. Epidemiological studies have shown that these vitamins with antioxidant effects have a certain preventive effect against glioma (29–31). In comparison, the evidence on B vitamins and glioma was minimal. Some studies have explored the association between B vitamins and brain tumors. Still, due to the variety of brain tumors, the results cannot represent the relationship between B vitamins and glioma, and these studies mainly focused on children (32–34). Therefore, we conducted a case–control study in a Chinese adult population to further explore the association between various B vitamins in the diet and glioma. This study evaluated the relationship between five B vitamins in the diet and glioma. It explored the dose–response relationship between the intake of B vitamins and the risk of glioma to provide the latest epidemiological evidence for vitamin prevention of glioma.



Methods


Study population

This case–control study was initiated in 2021 and completed in 2022 at the Beijing Tiantan Hospital, Affiliated with Capital Medical University. Based on previous studies, we assumed that about 80% of Chinese people took in B vitamins below the recommended level (35). We further assumed that adequate B vitamins would reduce the risk of glioma by 43% (31). With 80% power, and type I error of 0.05, the minimum sample size was calculated to be 256 cases and 256 healthy control subjects. Adult patients who were jointly diagnosed with glioma by neuro-oncology doctors and pathologists according to the 2021 neuro-oncology diagnostic criteria (36) about 3 months before the survey were included in the case group. On this basis, taking hormones and other drugs that interfere with diet, significant dietary behavior changes (such as weight loss, etc.), extreme energy intake (>5,000 or <400 kcal/day), pregnant women and nursing mothers, previous cancer (except glioma), and digestive, endocrine, and neurological conditions were excluded. The control group was recruited from the community’s healthy individuals who reported no glioma clinical manifestations and abnormalities in previous brain imaging studies. Each case was matched with the control by age (within 5 years) and sex during the study period. The corresponding controls were matched among the 506 eligible patients. In the end, a total of 506 pairs were included in the final statistical analysis. All participants provided informed consent, and the study protocol was approved by the Institutional Review Board of Beijing Tiantan Hospital, Capital Medical University (No. KY2022-203-02).



Dietary assessment and calculation of B vitamins intake

The food frequency questionnaire was used to collect information on the type and amount of food intake of the research subjects in the past 12 months through face-to-face interviews. The food frequency questionnaire has been validated in previous studies, and its authenticity and reliability can meet the purpose of the study (37). Based on this, referring to the existing articles on diet and glioma, we added and deleted several foods to make them more suitable for the study. The food frequency questionnaire in this study included refined grains (n = 9), whole grains (n = 2), tubers (n = 2), legumes and products (n = 5), vegetables (n = 23), fungi and algae (n = 4), fruits (n = 20), red meat (n = 4), poultry (n = 2), animal offal (n = 4), fish and seafood (n = 5), egg (n = 1), dairy products (n = 4), nut (n = 4), sweet food (n = 5), sugary drink (n = 3), tea and coffee (n = 3), condiment (n = 4), curing food (n = 3), processed products (n = 3), and alcohol (n = 4), a total of 114 items, basically covering the daily type of diet. The intake assessment for each food item consisted of three aspects: whether or not, the frequency of intake (daily/weekly/monthly), and single intake. In the questionnaire, g or ml was used as a unit to measure food intake, and pictures of different food volumes and qualities were provided as references to help subjects accurately assess intake. The daily intake of each food was calculated according to the frequency and single intake.

Five B vitamins were involved in the study, including thiamine, riboflavin, nicotinic acid, folate, and biotin (vitamin B7). The intakes of the five B vitamins were calculated using the China Food Composition Tables (38). Chinese Food Composition Tables provided data on B vitamins and energy in each food. Combined with the daily intake of each food item, the total daily intake of five B vitamins and energy can be calculated.



Other variables

In addition to the food frequency questionnaire, all participants were asked to complete other surveys, including basic information, disease history, and lifestyle habits. Basic information mainly included date of birth, sex, education levels (primary school and below, secondary school and university and above), occupation (manual workers, mental workers, or others), and household income (below 3,000 ¥/month, 3,000–10,000 ¥/month, or above 10,000 ¥/month). Disease history included allergies, head trauma, and family cancer, which have been reported as “yes” or “no.” Lifestyle habits included smoking status and physical activity. The subjects were classified as never smoking, former smoking, or current smoking according to their current smoking status. Physical activity was assessed using the International Physical Activity Questionnaire (IPAQ) (39), and metabolic equivalents were calculated to classify physical activity into low, moderate, or violent. In addition, according to previous studies, the proximity of residence to electromagnetic fields and or broadcast antennas may also be a risk factor for glioma, so defining this condition as living in a high-risk area was also listed as one of the potential confounding factors. For physical measurement, while the subjects were being examined, researchers measured their weight and height using calibrated instruments to calculate body mass index (BMI). BMI was measured by weight (kg)/height squared (m2).

To ensure survey quality, all surveys were conducted by one-on-one interviews with uniformly trained investigators with medical or epidemiological education.



Statistical analysis

We used the t-test for continuous variables and the χ2 test for categorical variables to compare the general characteristics of the case and control groups. The Spearman correlation coefficient was used to evaluate the correlation between five B vitamins. We divided them into three groups based on the distribution of B vitamin intake. To explore the association between B vitamins and glioma, we used the lowest group as a reference and calculated the OR and 95%CI of each group by logistic regression. The univariate model (Model 1) was a crude model without adjusting for any confounding factors. The multivariate model (Model 2) adjusted for factors associated with the risk of glioma and B vitamin intake: age, BMI, occupation, education level, household income, high-risk residential areas, smoking status, history of allergies, history of head trauma, family history of cancer, physical activity, and energy intake.

We conducted a series of sensitivity analysis to test the robustness of our estimates by excluding participants with different ages, different sexes, different BMI, middle school and below, below 3,000 ¥/month, smoking, history of allergy or family history of cancer, and repeated regression analysis. In addition, to overcome the inherent limitations of B vitamins analysis as grade variables, the restricted cubic spline function was used to model the dose–response relationship in the multivariate adjustment model, with four nodes located at the 20th, 40th, 60th, and 80th percentiles of B-vitamin intake. The 10th percentile was used as the reference group (OR = 1) (40).

All analyses were performed using SPSS 26.0 and R 4.1.1. All reported p-values were 2-sided, and the significance level was set at p < 0.05.




Results


Characteristics of the study population and B vitamins

A total of 506 glioma patients were included in this study, including 7 patients with grade I, 98 cases with grade II, 73 cases with grade III, 255 cases with grade IV, and 73 cases that could not judge the pathological grade. The glioma population of each pathological grade and the corresponding control group had similar age distribution, and the sex composition was utterly consistent. Overall, glioma patients had higher BMI (p < 0.001), slightly fewer education levels (p < 0.001), more smoking (p = 0.039), more physical activity (p < 0.001), and were less likely to have allergies (p < 0.001) but more likely to have cancer in their families (p = 0.001). There were also differences in occupation (p = 0.024) and household income (p < 0.001; Table 1).



TABLE 1 Basic characteristics of the study participants.
[image: Table1]

The education level (p < 0.05), household income (p < 0.001), and physical activity (p < 0.001) of glioma patients with different pathological grades were the same as the general population. In addition, compared with the corresponding control group, the group with grade I + II glioma had a higher BMI (p = 0.004), the group with grade III glioma had a higher percentage of family history of cancer (p = 0.003), the group with grade IV glioma had a higher BMI (p = 0.002) and a higher percentage of family history of cancer (p = 0.022), and the group with other glioma had more manual workers (p = 0.009), a lower history of allergies (p = 0.007) and a higher history of head trauma (p = 0.042). There were no significant differences in others (Table 1).

Regarding the intake of B vitamins, as shown in Table 2, the intakes of thiamine, riboflavin, nicotinic acid, folate, and biotin in the control group were significantly higher than those in the case group (Figure 1). In addition, there was a significant correlation between the intake of the individual B vitamins (Spearman coefficients ranged from 0.559 to 0.798; Supplementary Table S1).



TABLE 2 Adjusted ORs and 95% CIs for the association between B vitamins and glioma.
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FIGURE 1
 B vitamins intake among study participants.




Association between B vitamins and glioma

The association results between the five B vitamins and glioma are shown in Table 2. In model 1, the intake of each B vitamin was significantly associated with the risk of glioma. After adjusting for age, BMI, and other variables (Model 2), the results for the categorical variable of B vitamin intake showed that, compared to the first tertile, the third tertile of thiamine was associated with a decreased risk of glioma (OR = 0.09, 95%CI: 0.05–0.20), the third tertile of riboflavin was associated with a decreased risk of glioma (OR = 0.12, 95%CI: 0.06–0.25), the third tertile of nicotinic acid was associated with a decreased risk of glioma (OR = 0.24, 95%CI: 0.12–0.47), the third tertile of folate was associated with a decreased risk of glioma (OR = 0.07, 95%CI: 0.03–0.15), and the third tertile of biotin was associated with a decreased risk of glioma (OR = 0.14, 95%CI: 0.07–0.30). The results of the analysis of the continuous variables showed that for each 0.1 mg/day increase in thiamine, the risk of glioma decreased by 9% (OR = 0.91, 95%CI: 0.86–0.96), and for each 0.1 mg/day increase in riboflavin, the risk of glioma decreased by 30% (OR = 0.70, 95%CI: 0.64–0.78), and for each 5 mg/day increase in nicotinic acid, the risk of glioma decreased by 38% (OR = 0.62, 95%CI: 0.50–0.77), and for each 100 μg/day increase in folate, the risk of glioma decreased by 69% (OR = 0.31, 95%CI: 0.23–0.42), and for each 10 μg/day increase in biotin, the risk of glioma decreased by 24% (OR = 0.76, 95%CI: 0.66–0.88; Table 2).



B vitamins and pathological classification and grading of glioma

Analysis of pathological subtypes of glioma showed that for astrocytoma, riboflavin (OR = 0.47, 95%CI: 0.28–0.78), nicotinic acid (OR = 0.56, 95%CI: 0.33–0.96), folate (OR = 0.11, 95%CI: 0.03–0.43) and biotin (OR = 0.55, 95%CI: 0.36–0.84) were associated with a significantly decreased risk, but the result of thiamine was not significant (OR = 0.91, 95% CI: 0.81–1.01). For glioblastoma, thiamine (OR = 0.89, 95%CI: 0.79–0.99), riboflavin (OR = 0.79, 95%CI: 0.68–0.92), nicotinic acid (OR = 0.55, 95%CI: 0.36–0.83), and folate (OR = 0.24, 95%CI: 0.13–0.47) were associated with a significantly decreased risk, but the result of biotin was not significant (OR = 0.81, 95% CI: 0.65–1.01). Due to the small sample size of oligodendroglioma, further analysis was not possible (Table 3).



TABLE 3 Adjusted ORs and 95% CIs for the association between B vitamins and glioma of different pathological classifications.
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The association between B vitamins and the pathological grade of glioma showed similar results. For low-grade gliomas, riboflavin (OR = 0.54, 95%CI: 0.37–0.79), nicotinic acid (OR = 0.50, 95%CI: 0.29–0.89), and folate (OR = 0.16, 95%CI: 0.06–0.44) were associated with a decreased risk, but the results of thiamine (OR = 0.90, 95% CI: 0.80–1.01) and biotin (OR = 0.75, 95% CI: 0.51–1.11) were not significant. For high-grade gliomas, thiamine (OR = 0.88, 95%CI: 0.82–0.96), riboflavin (OR = 0.73, 95%CI: 0.64–0.84), nicotinic acid (OR = 0.63, 95%CI: 0.46–0.86), folate (OR = 0.26, 95%CI: 0.16–0.43) and biotin (OR = 0.79, 95%CI: 0.65–0.96) were associated with a decreased risk (Table 4).



TABLE 4 Adjusted ORs and 95% CIs for the association between B vitamins and glioma of different grades.
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Sensitivity analysis

The results of sensitivity analysis showed that after excluding participants with different ages, different sexes, different BMI, middle school and below, below 3,000 ¥/month, smoking, history of allergy or family history of cancer, we observed that most results of thiamine, riboflavin, nicotinic acid and folate were consistent with the overall results. However, biotin was not significant in people with low BMI (Supplementary Table S2).



Dose–response relationship

In Figure 2, we used restricted cubic splines to describe the relationships between B vitamins and glioma. There were significant dose–response relationships between the intake of five B vitamins and the risk of glioma. There was a nonlinear dose–response relationship between thiamine and the risk of glioma, and when intake exceeded 0.67 mg/day, the risk of glioma decreased significantly with increasing intake. After the intake exceeded 0.91 mg/day, the risk of glioma tended to stabilize (P-nonlinearity < 0.0001). There was a linear dose–response relationship between riboflavin and the risk of glioma, and the risk of glioma decreased significantly with the increase in intake. After the intake exceeded 1.06 mg/day, the risk of glioma tended to stabilize (P-nonlinearity = 0.4040). There was a nonlinear dose–response relationship between nicotinic acid and the risk of glioma, and when intake exceeded 12.83 mg/day, the risk of glioma decreased significantly with increasing intake. After the intake exceeded 18.03 mg/day, the risk of glioma tended to stabilize (P-nonlinearity = 0.0211). There was a linear dose–response relationship between folate and the risk of glioma. When the intake exceeded 224.27 μg/day, the risk of glioma decreased significantly with the increase in intake. After the intake exceeded 404.93 μg/day, the risk of glioma tended to stabilize (P-nonlinearity = 0.2168). There was a nonlinear dose–response relationship between biotin and the risk of glioma, and when intake exceeded 28.81 μg/day, the risk of glioma decreased significantly with increasing intake. After the intake exceeded 40.62 μg/day, the risk of glioma tended to stabilize (P-nonlinearity < 0.0001).

[image: Figure 2]

FIGURE 2
 The restricted cubic spline for the associations between B vitamins and glioma. The lines represent adjusted odds ratios based on restricted cubic splines for the intake in the regression model. Knots were placed at the 20th, 40th, 60th, and 80th percentiles of the B vitamins intake, and the reference value was set at the 10th percentile. The adjusted factors were the same as in Model 2. (A) Thiamine, (B) Riboflavin, (C) Nicotinic acid, (D) Folate, (E) Biotin.





Discussion

Previous observational studies on vitamins and glioma focused on vitamins A, C, and E, while studies on B vitamins were relatively rare. Our study evaluated the association between the intake of five B vitamins and glioma in the Chinese population. The results showed that thiamine, riboflavin, nicotinic acid, folate, and biotin were significantly negatively associated with the risk of glioma. The results of different pathological classifications were different. Thiamine only had a significant impact on glioblastoma. Similarly, it also existed between biotin and astrocytoma, and riboflavin and folate seemed to have a greater effect against astrocytoma. The results of different pathological grades were similar to those of pathological types. Thiamine and biotin only had significant effects against high-grade gliomas and had no significant correlation with low-grade gliomas, but the effects of riboflavin, nicotinic acid, and folate had a greater effect against low-grade glioma. The results of sensitivity analysis suggested that thiamine, riboflavin, nicotinic acid, and folate had relatively robust associations with glioma. Still, the results of biotin were not consistent with those of the general population, suggesting that its effects on glioma were different. The restricted cubic spline model further confirmed significant dose–response relationships between the five B vitamins and the risk of glioma, in which the dose–response relationships between thiamine, nicotinic acid, biotin, and glioma were nonlinear. In contrast, the dose–response relationships between riboflavin, folate, and glioma were linear.

Based on this, epidemiological studies have mainly focused on thiamine and nervous system diseases. Jung et al. found that thiamine deficiency can lead to Wernicke’s encephalopathy, which was often manifested as headache, inattention, irritability, confusion, apathy, impaired consciousness of the immediate situation, coma, and other obvious neurological symptoms (41). But most studies on thiamine and cancer have focused on the body. Liu et al. based on a meta-analysis of seven articles and 6,184 colorectal cancer patients, found that high-dose thiamine intake significantly reduced the risk of colorectal cancer (OR = 0.76, 95%CI: 0.65–0.89) (13). Cancarini et al. found that high intake of thiamine was associated with a lower risk of breast cancer (RR = 0.61, 95%CI: 0.38–0.97) in a prospective cohort of 10,786 women followed for an average of 16.5 years, especially in estrogen receptor-negative and progesterone receptor-negative breast cancer (42). However, there have been few reported studies on thiamine and glioma. Our study might be the first to find that higher dietary thiamine intake can significantly reduce the risk of glioma (OR = 0.09, 95%CI: 0.05–0.20), but this effect varied among different pathological types and grades of gliomas. It was protective against high-grade gliomas, such as glioblastoma, but similar results were not found in astrocytomas or other low-grade gliomas. The results of the dose–response relationship suggested that the relationship between thiamine intake and the risk of glioma was non-linear, with no change in the risk of glioma beyond 0.91 mg/day (P-nonlinearity < 0.0001). But the mechanism of the effect of thiamine on glioma was still unclear, which was related to the antioxidation of thiamine in vivo (43, 44). Oxidative stress and the production of free radicals may promote the occurrence and development of cancer (45), and gliomas were no exception (46). Cell experiments showed that thiamine significantly decreased the malondialdehyde level and increased the levels of superoxide dismutase and catalase in C6 rat glioma cells, inhibiting oxidative stress to some extent (47).

Compared with thiamine, riboflavin was more closely related to cancer, especially in digestive tract cancer, riboflavin showed a certain preventive effect. In a case–control study involving 756 controls and 377 cases of gastric cancer, Lu et al. assessed dietary riboflavin intake through a food frequency questionnaire. They found that riboflavin was significantly negatively correlated with the risk of glioma (OR = 0.56, 95%CI: 0.39–0.81) and interacted with methionine synthetase reductase (15). Based on the Women’s Health Initiative Observational Study cohort, Zschabitz et al. conducted a colorectal cancer study. They found that higher riboflavin intake significantly reduced the risk of colorectal cancer (RR = 0.81, 95% CI: 0.66–0.99), but this association was statistically significant only when the intake exceeded 3.97 mg/day (14). Similar results were also verified in a meta-analysis that included 8 articles (48). However, the effect of riboflavin on cancer varied by location, and its protective effect has not been consistent in studies on other cancer sites (49, 49). There were still few reports on riboflavin and glioma, and only studies have been conducted in the Middle East. Heydari et al. found no significant association between riboflavin and glioma by comparing riboflavin intake in 128 gliomas and 256 healthy individuals in a hospital case–control study in Iran (OR = 0.57, 95%CI: 0.18–1.78) (31). This was different from our results. In this study, there was a significant negative correlation between riboflavin and the risk of glioma (OR = 0.12, 95%CI: 0.06–0.25), and consistent results were obtained in different pathological subtypes and grades of glioma. This was not contradictory to the Iranian study. On the one hand, there were dietary differences between the two regions, and dietary riboflavin intake was significantly different. There was no difference in riboflavin intake in the Iranian population between glioma patients and healthy people (case: 2.50 ± 0.58 mg/day, control: 2.60 ± 1.29 mg/day), and was much higher than that in our study population (51). On the other hand, the dose–response relationship showed that when riboflavin intake exceeds 1.06 mg/day, the risk of glioma no longer changed, so it was necessary to repeat this study in different populations. Riboflavin can participate in the glutathione redox cycle, maintain the oxidative/antioxidant balance, resist oxidative stress, and inhibit cancer development (52). Riboflavin also had a synergistic effect with folate in DNA synthesis and repair (53, 54), which provided a possible explanation for riboflavin to prevent the occurrence and development of glioma.

Based on the beneficial effects of nicotinic acid on the skin, most cancer studies related to nicotinic acid have also focused on areas rich in epithelial tissue. Several clinical trials and animal studies have shown that nicotinic acid can prevent skin cancer, especially non-melanoma skin cancer, by promoting DNA repair, inhibiting pro-inflammatory mediators, and reducing light damage to the skin (43, 55, 56). Oral nicotinamide was found to be safe and effective in reducing the incidence of new non-melanoma skin cancer in high-risk patients in phase 3, double-blind, randomized, controlled trials (17). In addition to skin cancer, nicotinic acid had a similar effect in other epithelial-rich areas, such as esophageal cancer (57) and endometrial cancer (58). We also found the preventive effect of nicotinic acid in glioma populations. Higher nicotinic acid intake reduced the risk of glioma by 76% (OR = 0.24, 95%CI: 0.12–0.47) and had roughly the same effect on astrocytoma and glioblastoma. The dose–response relationship suggested that the effect of nicotinic acid against the risk of glioma was slightly different before and after the intake of 18.03 mg/day. At present, the mechanism of nicotinic acid inhibiting the occurrence and development of glioma was not clear. Yang et al. observed that nicotinic acid selectively targeted glioblastoma cells and retained most normal glial cells and neurons through overnight treatment of U251 glioblastoma cells with different concentrations of nicotinic acid. It was also observed that nicotinic acid decomposes F-actin stress fibers, which in turn affects cell-matrix adhesion, suggesting that nicotinic acid can inhibit the invasion of glioma cells (59). Li et al. found that nicotinic acid can cause the loss of mesenchymal phenotype in U251 glioblastoma cells. It has been found to inhibit glioma invasion in vitro and in vivo. The primary mechanism was that nicotinic acid promoted snail1 degradation and enhanced intercellular adhesion, indicating that epithelial-mesenchymal transition in glioma cells was inhibited (60).

Of all the B vitamins, folate had the most extensive effect on cancer. Increasing folate intake within the physiological dose had a protective effect against cancer (61). Epidemiological studies have shown that higher folate intake can significantly reduce the risk of colorectal cancer (62), pancreatic cancer (18), and endometrial cancer (20). But the reverse results have been obtained in the study of lung cancer (19) and prostate cancer (21). Compared with other B vitamins, there were more studies on folate and brain tumors. However, most of them focused on assessing the relationship between the folate intake of pregnant women and the risk of brain tumors in their offspring. Milne et al. collected 327 brain tumor cases and 867 healthy controls based on 10 Australian pediatric oncology centers and collected maternal folate intake through a questionnaire and found that higher folate intake during pregnancy significantly reduced the risk of brain tumors in offspring (OR = 0.60, 95%CI: 0.38–0.98), and this association was also found in low-grade gliomas (OR = 0.44, 95%CI: 0.22–0.89) (33). Another study based on this population also reported that folate in childhood (3–14 years old) was associated with an overall reduced risk of brain tumors (OR = 0.63, 95%CI: 0.41–0.97), especially in low-grade gliomas (OR = 0.52, 95%CI: 0.29–0.92) (32). The study on folate intake and glioma in adults was still insufficient. Our study found the epidemiological evidence for the protective effect of folate intake against gliomas in adults (OR = 0.31, 95%CI: 0.23–0.42), and the results for low-grade gliomas, including astrocytomas, were similar to previous studies, that was, folate intake had a more significant protective effect against low-grade gliomas. The study of serum folate concentration and glioma also found that the proportion of patients with glioma who were lower than the serum folate biological reference value was higher (p < 0.001) (63). However, Chen et al. conducted a population-based case–control study in eastern Nebraska and found that dietary folate intake was not associated with the risk of glioma (OR = 0.90, 95%CI: 0.50–1.50) and was considered to be related to the small sample size of the study (64). From the results of the dose–response relationship, the range of folate intake was also consistent with previous studies. It was generally believed that there was a U-shaped relationship between folate and cancer and that when folate intake was between 150 μg/day and 1,000 μg/day, the risk of cancer was significantly reduced (61). Folate is essential for normal DNA synthesis and repair. Its deficiency can activate proto-oncogenes by reducing intracellular S-adenosyl methionine and altering cytosine methylation in DNA, which can also lead to an imbalance of DNA precursors, misincorporation of uracil into DNA and chromosome breakage, which may be the potential mechanism of folate in preventing gliomas (65). In addition, folate can also be used as an adjuvant to assist in treating gliomas. It limited the proliferation of glioma cells and increased the sensitivity to temozolomide-induced apoptosis by inducing DNA methylation (66).

The study of biotin and cancer has mainly focused on biotin as a ligand in the treatment of new drugs (67, 68). Few studies have reported the effect of biotin on cancer risk. Although our study found the protective effect of biotin against glioma, the results were inconsistent in sensitivity analysis, such as different BMI. In different pathological types, biotin was only significantly associated with astrocytoma (OR = 0.55, 95%CI: 0.36–0.84) but not in glioblastoma (OR = 0.81, 95%CI: 0.65–1.01). In different pathological grades, the results of low-grade gliomas and high-grade gliomas were also the opposite. This had to make us carefully consider the relationship between biotin and glioma.

This study had several advantages. First, we explored the relationship between five dietary B vitamins and glioma. As previous studies have paid more attention to the relationship between vitamin A, vitamin C, vitamin E, and glioma, the results of this study supplement the evidence of the preventive effect of B vitamins against glioma. Secondly, the studies on B vitamins and glioma often stayed in cell and animal experiments. The results of this study were mutually confirmed with the existing experimental evidence, especially for thiamine, nicotinic acid, and folate, which were lack of clinical study. Third, we thoroughly explored the relationship between gliomas with different pathological subtypes, pathological grades, and B vitamins. The dose–response relationships between B vitamins and the risk of glioma were described for the first time, which were consistent with the existing dose–response relationship between B vitamins and cancer. These provided further population evidence for the prevention and treatment of glioma by B vitamins. However, there were still some limitations in this study. On the one hand, B vitamins participated in one-carbon metabolism in different forms, such as the synthesis of nucleotides and the metabolism of amino acids, which was of great significance for maintaining normal cell growth. However, because the food composition table failed to provide a broader content of B vitamins, such as vitamin B12, this study only evaluated the five common B vitamins, and could not explore the association between more B vitamins and glioma, especially the interaction between B vitamins. But this has been far the most comprehensive result about B vitamins and gliomas. On the other hand, the association between the concentration of B vitamins in the body and glioma has not been evaluated. Although the food frequency questionnaire had been verified and had good repeatability and validity. However, due to the limitation of methods, there was still a certain bias in the assessment of the intake of B vitamins through the food frequency questionnaire. Assessing the concentration of B vitamins in the body can reduce this uncertainty. Since the concentration of B vitamins in the subjects was not detected in this study, the association between internal exposure and glioma should be evaluated in future studies in combination with the circulating concentration of B vitamins in or biomarkers. In addition, since this study was a case–control study, their causality cannot be verified.



Conclusion

In summary, in this study of B vitamins and gliomas, we observe that thiamine, riboflavin, nicotinic acid, and folate were associated with a significantly decreased risk of gliomas. Still, the roles of biotin are different in different populations. The relationship between them should be further verified by prospective cohort studies in the future.



Data availability statement

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



Ethics statement

The studies involving human participants were reviewed and approved by the Institutional Review Board of Beijing Tiantan Hospital, Capital Medical University (no. KY2022-203-02). The patients/participants provided their written informed consent to participate in this study.



Author contributions

WL and WZ contributed to the conception or design of the work and wrote the manuscript. WZ, JJ, and SH contributed to data collection and analysis. XK, CW, FC, BZ, and SL contributed to data collection and management. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by the Talent Introduction Foundation of Tiantan Hospital (no. RCYJ-2020-2025-LWB) and Advanced Research and Training Program of Beijing Double Leading Scholars from China academy of Chinese Medical Science (no. 2-759-02-DR).



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.2023.1122540/full#supplementary-material



References

 1.Liu, Z, Farkas, P, Wang, K, Kohli, MO, and Fitzpatrick, TB. B vitamin supply in plants and humans: the importance of vitamer homeostasis. Plant J. (2022) 111:662–82. doi: 10.1111/tpj.15859 

 2.Said, HM. Intestinal absorption of water-soluble vitamins in health and disease. Biochem J. (2011) 437:357–72. doi: 10.1042/BJ20110326 

 3.Kennedy, DO. B vitamins and the brain: mechanisms, dose and efficacy–a review. Nutrients. (2016) 8:68. doi: 10.3390/nu8020068 

 4.Peterson, CT, Rodionov, DA, Osterman, AL, and Peterson, SN. B vitamins and their role in immune regulation and cancer. Nutrients. (2020) 12:12. doi: 10.3390/nu12113380 

 5.Revuelta, JL, Buey, RM, Ledesma-Amaro, R, and Vandamme, EJ. Microbial biotechnology for the synthesis of (pro) vitamins, biopigments and antioxidants: challenges and opportunities. Microb Biotechnol. (2016) 9:564–7. doi: 10.1111/1751-7915.12379 

 6.Whatham, A, Bartlett, H, Eperjesi, F, Blumenthal, C, Allen, J, Suttle, C , et al. Vitamin and mineral deficiencies in the developed world and their effect on the eye and vision. Ophthalmic Physiol Opt. (2008) 28:1–12. doi: 10.1111/j.1475-1313.2007.00531.x 

 7.Jeon, J, and Park, K. Dietary vitamin b6 intake associated with a decreased risk of cardiovascular disease: a prospective cohort study. Nutrients. (2019) 11:11. doi: 10.3390/nu11071484 

 8.Shrestha, L, Shrestha, B, Gautam, K, Khadka, S, and Mahara, RN. Plasma vitamin b-12 levels and risk of alzheimer's disease: a case-control study. Gerontol Geriatr Med. (2022) 8:1692866509. doi: 10.1177/23337214211057715 

 9.Qiu, F, Wu, Y, Cao, H, Liu, B, Du, M, Jiang, H , et al. Changes of peripheral nerve function and vitamin b12 level in people with parkinson's disease. Front Neurol. (2020) 11:549159. doi: 10.3389/fneur.2020.549159 

 10.Hsueh, YM, Huang, YL, Lin, YF, Shiue, HS, Lin, YC, and Chen, HH. Plasma vitamin b12 and folate alter the association of blood lead and cadmium and total urinary arsenic levels with chronic kidney disease in a Taiwanese population. Nutrients. (2021) 13:13. doi: 10.3390/nu13113841 

 11.Saravanan, P, Sukumar, N, Adaikalakoteswari, A, Goljan, I, Venkataraman, H, Gopinath, A , et al. Association of maternal vitamin b12 and folate levels in early pregnancy with gestational diabetes: a prospective UK cohort study (pride study). Diabetologia. (2021) 64:2170–82. doi: 10.1007/s00125-021-05510-7 

 12.Comin-Anduix, B, Boren, J, Martinez, S, Moro, C, Centelles, JJ, Trebukhina, R , et al. The effect of thiamine supplementation on tumour proliferation. A metabolic control analysis study. Eur J Biochem. (2001) 268:4177–82. doi: 10.1046/j.1432-1327.2001.02329.x 

 13.Liu, Y, Xiong, WJ, Wang, L, Rang, WQ, and Yu, C. Vitamin b1 intake and the risk of colorectal cancer: a systematic review of observational studies. J Nutr Sci Vitaminol (Tokyo). (2021) 67:391–6. doi: 10.3177/jnsv.67.391 

 14.Zschabitz, S, Cheng, TY, Neuhouser, ML, Zheng, Y, Ray, RM, Miller, JW , et al. B vitamin intakes and incidence of colorectal cancer: results from the women's health initiative observational study cohort. Am J Clin Nutr. (2013) 97:332–43. doi: 10.3945/ajcn.112.034736 

 15.Lu, YT, Gunathilake, M, Lee, J, Choi, IJ, Kim, YI, and Kim, J. Riboflavin intake, mtrr genetic polymorphism (rs1532268) and gastric cancer risk in a Korean population: a case-control study. Br J Nutr. (2022) 127:1026–33. doi: 10.1017/S0007114521001811 

 16.Liu, Y, Yu, Q, Zhu, Z, Zhang, J, Chen, M, Tang, P , et al. Vitamin and multiple-vitamin supplement intake and incidence of colorectal cancer: a meta-analysis of cohort studies. Med Oncol. (2015) 32:434. doi: 10.1007/s12032-014-0434-5 

 17.Chen, AC, Martin, AJ, Choy, B, Fernandez-Penas, P, Dalziell, RA, McKenzie, CA , et al. A phase 3 randomized trial of nicotinamide for skin-cancer chemoprevention. N Engl J Med. (2015) 373:1618–26. doi: 10.1056/NEJMoa1506197 

 18.Lin, HL, An, QZ, Wang, QZ, and Liu, CX. Folate intake and pancreatic cancer risk: an overall and dose-response meta-analysis. Public Health. (2013) 127:607–13. doi: 10.1016/j.puhe.2013.04.008 

 19.Takata, Y, Shu, XO, Buchowski, MS, Munro, HM, Wen, WQ, Steinwandel, MD , et al. Food intake of folate, folic acid and other b vitamins with lung cancer risk in a low-income population in the southeastern United States. Eur J Nutr. (2020) 59:671–83. doi: 10.1007/s00394-019-01934-5 

 20.Du, L, Wang, Y, Zhang, H, Zhang, H, and Gao, Y. Folate intake and the risk of endometrial cancer: a meta-analysis. Oncotarget. (2016) 7:85176–84. doi: 10.18632/oncotarget.13211 

 21.Collin, SM. Folate and b12 in prostate cancer. Adv Clin Chem. (2013) 60:1–63. doi: 10.1016/b978-0-12-407681-5.00001-5

 22.Gao, S, Jin, L, Liu, G, Wang, P, Sun, Z, Cao, Y , et al. Overexpression of RASD1 inhibits glioma cell migration/invasion and inactivates the AKT/mTOR signaling pathway. Sci Rep. (2017) 7:3202. doi: 10.1038/s41598-017-03612-0 

 23.Sim, HW, Nejad, R, Zhang, W, Nassiri, F, Mason, W, Aldape, KD , et al. Tissue 2-hydroxyglutarate as a biomarker for isocitrate dehydrogenase mutations in gliomas. Clin Cancer Res. (2019) 25:3366–73. doi: 10.1158/1078-0432.CCR-18-3205 

 24.Hu, Y, Jiao, B, Chen, L, Wang, M, and Han, X. Long non-coding RNA GASL1 may inhibit the proliferation of glioma cells by inactivating the TGF-beta signaling pathway. Oncol Lett. (2019) 17:5754–60. doi: 10.3892/ol.2019.10273 

 25.Ulgen, E, Can, O, Bilguvar, K, Oktay, Y, Akyerli, CB, Danyeli, AE , et al. Whole exome sequencing-based analysis to identify DNA damage repair deficiency as a major contributor to gliomagenesis in adult diffuse gliomas. J Neurosurg. (2019) 132:1435–46. doi: 6doi: 10.3171/2019.1.JNS182938 

 26.Reynold, S. Vitamin transport diseases of brain: focus on folates, thiamine and riboflavin. Brain Disorders Therapy. (2014) 3. doi: 10.4172/2168-975X.1000120

 27.Spector, R, and Johanson, CE. Vitamin transport and homeostasis in mammalian brain: focus on vitamins b and e. J Neurochem. (2007) 103:425–38. doi: 10.1111/j.1471-4159.2007.04773.x 

 28.Uchida, Y, Ito, K, Ohtsuki, S, Kubo, Y, Suzuki, T, and Terasaki, T. Major involvement of na(+) -dependent multivitamin transporter (SLC5A6/SMVT) in uptake of biotin and pantothenic acid by human brain capillary endothelial cells. J Neurochem. (2015) 134:97–112. doi: 10.1111/jnc.13092 

 29.Zhang, W, Jiang, J, He, Y, Li, X, Yin, S, Chen, F , et al. Association between vitamins and risk of brain tumors: a systematic review and dose-response meta-analysis of observational studies. Front Nutr. (2022) 9:935706. doi: 10.3389/fnut.2022.935706 

 30.Lv, W, Zhong, X, Xu, L, and Han, W. Association between dietary vitamin a intake and the risk of glioma: evidence from a meta-analysis. Nutrients. (2015) 7:8897–904. doi: 10.3390/nu7115438 

 31.Heydari, M, Shayanfar, M, Sharifi, G, Saneei, P, Sadeghi, O, and Esmaillzadeh, A. The association between dietary total antioxidant capacity and glioma in adults. Nutr Cancer. (2021) 73:1947–56. doi: 10.1080/01635581.2020.1817954 

 32.Greenop, KR, Miller, M, Bailey, HD, de Klerk, NH, Attia, J, Kellie, SJ , et al. Childhood folate, b6, b12, and food group intake and the risk of childhood brain tumors: results from an Australian case-control study. Cancer Causes Control. (2015) 26:871–9. doi: 10.1007/s10552-015-0562-z 

 33.Milne, E, Greenop, KR, Bower, C, Miller, M, van Bockxmeer, FM, Scott, RJ , et al. Maternal use of folic acid and other supplements and risk of childhood brain tumors. Cancer Epidemiol Biomark Prev. (2012) 21:1933–41. doi: 10.1158/1055-9965.EPI-12-0803 

 34.Stalberg, K, Haglund, B, Stromberg, B, and Kieler, H. Prenatal exposure to medicines and the risk of childhood brain tumor. Cancer Epidemiol. (2010) 34:400–4. doi: 10.1016/j.canep.2010.04.018 

 35.Fan, Y，Liu, A，He, Y，Yang, X，Xu, G，Ma, G. Assessment of nutrient adequacy of adult residents in China. Ying Yang Xue Bao (2012) 34: 15–19. [In Chinese]

 36.Louis, DN, Perry, A, Wesseling, P, Brat, DJ, Cree, IA, Figarella-Branger, D , et al. The 2021 who classification of tumors of the central nervous system: a summary. Neuro-Oncology. (2021) 23:1231–51. doi: 10.1093/neuonc/noab106 

 37.Zhao, WH, Huang, ZP, Zhang, X, He, L, Willett, W, Wang, JL , et al. Reproducibility and validity of a Chinese food frequency questionnaire. Biomed Environ Sci. (2010) 23:1–38. doi: 10.1016/S0895-3988(11)60014-7

 38.Yang, YX. China food composition tables. Standard ed. Beijing: Peking University Medical Press (2018).

 39.Craig, CL, Marshall, AL, Sjostrom, M, Bauman, AE, Booth, ML, Ainsworth, BE , et al. International physical activity questionnaire: 12-country reliability and validity. Med Sci Sports Exerc. (2003) 35:1381–95. doi: 10.1249/01.MSS.0000078924.61453.FB 

 40.Zhang, W, Du, J, Li, H, Yang, Y, Cai, C, Gao, Q , et al. Multiple-element exposure and metabolic syndrome in Chinese adults: a case-control study based on the Beijing population health cohort. Environ Int. (2020) 143:105959. doi: 10.1016/j.envint.2020.105959 

 41.Jung, YC, Chanraud, S, and Sullivan, EV. Neuroimaging of wernicke's encephalopathy and korsakoff's syndrome. Neuropsychol Rev. (2012) 22:170–80. doi: 10.1007/s11065-012-9203-4 

 42.Cancarini, I, Krogh, V, Agnoli, C, Grioni, S, Matullo, G, Pala, V , et al. Micronutrients involved in one-carbon metabolism and risk of breast cancer subtypes. PLoS One. (2015) 10:e138318. doi: 10.1371/journal.pone.0138318 

 43.Hrubsa, M, Siatka, T, Nejmanova, I, Voprsalova, M, Kujovska, KL, Matousova, K , et al. Biological properties of vitamins of the b-complex, part 1: vitamins b1, b2, b3, and b5. Nutrients. (2022) 14:14. doi: 10.3390/nu14030484 

 44.Lonsdale, D. A review of the biochemistry, metabolism and clinical benefits of thiamin(e) and its derivatives. Evid Based Complement Alternat Med. (2006) 3:49–59. doi: 10.1093/ecam/nek009 

 45.Klaunig, JE. Oxidative stress and cancer. Curr Pharm Des. (2018) 24:4771–8. doi: 10.2174/1381612825666190215121712

 46.Olivier, C, Oliver, L, Lalier, L, and Vallette, FM. Drug resistance in glioblastoma: the two faces of oxidative stress. Front Mol Biosci. (2020) 7:620677. doi: 10.3389/fmolb.2020.620677 

 47.Ergul, M, and Taskiran, AS. Thiamine protects glioblastoma cells against glutamate toxicity by suppressing oxidative/endoplasmic reticulum stress. Chem Pharm Bull (Tokyo). (2021) 69:832–9. doi: 10.1248/cpb.c21-00169 

 48.Liu, Y, Yu, QY, Zhu, ZL, Tang, PY, and Li, K. Vitamin b2 intake and the risk of colorectal cancer: a meta-analysis of observational studies. Asian Pac J Cancer Prev. (2015) 16:909–13. doi: 10.7314/apjcp.2015.16.3.909 

 49.Ma, E, Iwasaki, M, Kobayashi, M, Kasuga, Y, Yokoyama, S, Onuma, H , et al. Dietary intake of folate, vitamin b2, vitamin b6, vitamin b12, genetic polymorphism of related enzymes, and risk of breast cancer: a case-control study in Japan. Nutr Cancer. (2009) 61:447–56. doi: 10.1080/01635580802610123 

 50.Siassi, F, and Ghadirian, P. Riboflavin deficiency and esophageal cancer: a case control-household study in the Caspian littoral of Iran. Cancer Detect Prev. (2005) 29:464–9. doi: 10.1016/j.cdp.2005.08.001 

 51.Aminianfar, A, Vahid, F, Shayanfar, M, Davoodi, SH, Mohammad-Shirazi, M, Shivappa, N , et al. The association between the dietary inflammatory index and glioma: a case-control study. Clin Nutr. (2020) 39:433–9. doi: 10.1016/j.clnu.2019.02.013 

 52.Saedisomeolia, A, and Ashoori, M. Riboflavin in human health: a review of current evidences. Adv Food Nutr Res. (2018) 83:57–81. doi: 10.1016/bs.afnr.2017.11.002

 53.Thakur, K, Tomar, SK, Singh, AK, Mandal, S, and Arora, S. Riboflavin and health: a review of recent human research. Crit Rev Food Sci Nutr. (2017) 57:3650–60. doi: 10.1080/10408398.2016.1145104 

 54.Powers, HJ. Interaction among folate, riboflavin, genotype, and cancer, with reference to colorectal and cervical cancer. J Nutr. (2005) 135:S2960–6. doi: 10.1093/jn/135.12.2960S 

 55.Giacalone, S, Spigariolo, CB, Bortoluzzi, P, and Nazzaro, G. Oral nicotinamide: the role in skin cancer chemoprevention. Dermatol Ther. (2021) 34:e14892. doi: 10.1111/dth.14892 

 56.Nikas, IP, Paschou, SA, and Ryu, HS. The role of nicotinamide in cancer chemoprevention and therapy. Biomol Ther. (2020) 10:10. doi: 10.3390/biom10030477 

 57.Ma, JL, Zhao, Y, Guo, CY, Hu, HT, Zheng, L, Zhao, EJ , et al. Dietary vitamin b intake and the risk of esophageal cancer: a meta-analysis. Cancer Manag Res. (2018) 10:5395–410. doi: 10.2147/CMAR.S168413 

 58.Petridou, E, Kedikoglou, S, Koukoulomatis, P, Dessypris, N, and Trichopoulos, D. Diet in relation to endometrial cancer risk: a case-control study in Greece. Nutr Cancer. (2002) 44:16–22. doi: 10.1207/S15327914NC441_3 

 59.Yang, X, Mei, S, Niu, H, and Li, J. Nicotinic acid impairs assembly of leading edge in glioma cells. Oncol Rep. (2017) 38:829–36. doi: 10.3892/or.2017.5757 

 60.Li, J, Qu, J, Shi, Y, Perfetto, M, Ping, Z, Christian, L , et al. Nicotinic acid inhibits glioma invasion by facilitating snail1 degradation. Sci Rep. (2017) 7:43173. doi: 10.1038/srep43173 

 61.Jagerstad, M. Folic acid fortification prevents neural tube defects and may also reduce cancer risks. Acta Paediatr. (2012) 101:1007–12. doi: 10.1111/j.1651-2227.2012.02781.x 

 62.Moazzen, S, Dolatkhah, R, Tabrizi, JS, Shaarbafi, J, Alizadeh, BZ, de Bock, GH , et al. Folic acid intake and folate status and colorectal cancer risk: a systematic review and meta-analysis. Clin Nutr. (2018) 37:1926–34. doi: 10.1016/j.clnu.2017.10.010

 63.Liu, N, Jiang, J, Song, YJ, Zhao, SG, Tong, ZG, Song, HS , et al. Impact of MTHFR polymorphisms on methylation of MGMT in glioma patients from Northeast China with different folate levels. Genet Mol Res. (2013) 12:5160–71. doi: 10.4238/2013.October.29.10 

 64.Chen, H, Ward, MH, Tucker, KL, Graubard, BI, McComb, RD, Potischman, NA , et al. Diet and risk of adult glioma in eastern Nebraska, United States. Cancer Causes Control. (2002) 13:647–55. doi: 10.1023/a:1019527225197 

 65.Duthie, SJ. Folic acid deficiency and cancer: mechanisms of DNA instability. Br Med Bull. (1999) 55:578–92. doi: 10.1258/0007142991902646 

 66.Hervouet, E, Debien, E, Campion, L, Charbord, J, Menanteau, J, Vallette, FM , et al. Folate supplementation limits the aggressiveness of glioma via the remethylation of DNA repeats element and genes governing apoptosis and proliferation. Clin Cancer Res. (2009) 15:3519–29. doi: 10.1158/1078-0432.CCR-08-2062 

 67.Liu, Q, Zhou, L, Lu, R, Yang, C, Wang, S, Hai, L , et al. Biotin and glucose co-modified multi-targeting liposomes for efficient delivery of chemotherapeutics for the treatment of glioma. Bioorg Med Chem. (2021) 29:115852. doi: 10.1016/j.bmc.2020.115852 

 68.Paganelli, G, Bartolomei, M, Ferrari, M, Cremonesi, M, Broggi, G, Maira, G , et al. Pre-targeted locoregional radioimmunotherapy with 90y-biotin in glioma patients: phase I study and preliminary therapeutic results. Cancer Biother Radiopharm. (2001) 16:227–35. doi: 10.1089/10849780152389410 



OPS/images/fnut-10-1122540-t003.jpg
Pathological classification Model 1° Value of p Model 2° Value of p

Astrocytoma
Thiamine 097 (093-1.02) 0274 091 (081-101) 0,084
Riboflavin 091 (086-097) 0.004 047 (028-078) 0.004
Nicotinic acid 0.92(0.78-1.08) 0.297 06 (0.33-096) 0035
Folate 058 (044-0.76) <0001 0.11 (0.03-043) 0001
Bioti 093 (083-1.04) 0212 055 (0.36-084) 0.006

Glioblastoma
Thiamine 092 (088-097) 0001 089 (0.79-099) 0044
Riboflavin 093 (089-097) <0.001 079 (0.68-092) 0002
Nicotinic acid 0.84(0.73-096) o011 0.005
Folate 0.62(0.53-0.74) <0001 024(0.13-047) <0.001
Biotin 095 (087-1.03) 0218 081 (0.65-101) 0.065

‘Model 1: Unadjusted model.
"Model 2 Adjusted for age, BMI, occupation, education level, household income, high-risk residential areas, smoking status, history of allergies, history of head trauma, family history of
cancer, physical activity, and energy intake.

“Thiamine, riboflavin per 0.1 mg/day increments, nicotinic acid per 5mg/day increment, folate per 100 ig/day increments, biotin per 10 pig/day increments.





OPS/images/fnut-10-1122540-t004.jpg
Glioma grading® Model 1° Value of p Model 2° Value of p

Low grade
“Thiamine 096 (0.91-1.02) 0.231 0.90 (0.80-1.01) 0.055
Riboflavin 0.89 (0.82-0.96) 0.003 0.54(0.37-0.79) 0.001
Nicotinic acid 0.85 (0.69-1.04) 0.113 0.50 (0.29-0.89) 0018
Folate 0.60 (0.46-0.78) <0.001 0.16 (0.06-0.44) <0.001
Bic 097 (0.87-1.08) 0572 075 (0.51-1.11) 0.151

High grade
‘Thiamine 095 (091-098) 0.002 0.88 (0.82-0.96) 0,003
Riboflavin 0.94(0.90-0.97) <0.001 0.73 (0.64-0.84) <0.001
Nicotinic acid 0.89 (0.80-0.99) 0.026 0.63 (0.46-0.86) 0.003
Folate 0,65 (0.57-0.74) <0001 0.26(0.16-0.43) <0001
Biotin 097 (0.91-1.04) 0.407 0.79 (0.65-0.96) 0.018

‘Model 1: Unadjusted model.
"Model 2 Adjusted for age, BMI, occupation, education level, household income, high-risk residential areas, smoking status, history of allergies, history of head trauma, family history of
cancer, physical activity, and energy intake.

“Thiamine, riboflavin per 0.1 mg/day increments, nicotinic acid per 5mg/day increment, folate per 100 ig/day increments, biotin per 10 pig/day increments.





OPS/images/fnut-10-1122540-t001.jpg
Grade I+I1 Grade IIl Grade IV Others

Case Control Control Value Control Value Control
of p* of p*

Age (years) 385021276 371421273 0443 40021132 297141109 0365 443821329 428641302 0193 0621332 423621286 0562 0072
Sex, (%) 1000 1000 1000 1000 1000

Male 619 619 589 589 56.1 56.1 452 452

Female 381 381 411 11 59 59 548 548
BMI (kg/m?) 249306 | 23142362 0.004 2808305 | 23055319 0.144 20008335 2312316 0.002 270335 | 22692327 0.067 <0001
High-risk 0490 0674 [ 0575 0534
residential area,
)

Yes 219 181 205 178 192 196 %8 27

No 781 819 795 822 508 804 712 753
Occupation, (%) 0190 0597 0095 0,009 0024

Manual 295 219 274 23 20 204 370 151

workers

Mental 600 600 534 616 525 612 397 575

workers

Others 105 181 192 151 255 184 23 274
Education level, 0,009 0005 <0001 0001 <0.001
)

Primary school 38 18 82 L4 59 24 137 14

and below

Middle school 29 29 411 233 00 2.1 452 301

University and 533 724 507 753 541 75 a1 685

above
Houschold <0001 <0.001 <0001 039 <0001
income, (%)

<3000¥/ 14 171 10 219 67 184 164 151

month

3,000-10,000 762 195 780 166 784 178 614 s6.1

¥imonth

10000 ¥/ 124 333 10 315 149 37 192 288

month
Smoking status, 0197 0151 0239 0229 0039
)

Never smoking 638 752 740 712 718 749 685 508

Former 133 96 123 55 137 90 96 55

smoking

Current 29 152 137 233 145 161 29 137

smoking
History of 0092 0149 0116 0,007 <0001

allergies, (%)

Yes 57 124 9.6 17.8 86 129 55 205

No 943 87.6 904 822 914 87.1 945 795
History of head 0.083 0.796 0310 0.042 0.474
trauma, (%)

Yes 152 76 11.0 123 9.0 118 137 4.1

No 8438 924 89.0 87.7 910 88.2 863 959
Family history of 0.862 0.003 0.022 0341 0.001
cancer, (%)

Yes 200 19.0 397 17.8 318 227 288 219

No 80.0 810 603 822 682 773 n2 78.1
Physical Activity, <0001 <0.001 <0001 <0001 <0001
%)

Low 162 419 123 397 141 474 96 2.1

Moderate 419 371 25 425 420 357 370 315

Violent 419 21.0 452 17.8 439 169 534 164

p-values were derived from Student’ t-tests for continuous variables according to the data distribution and the chi-square test for the classified variables. ‘Results of the overall case group and
the overall control group.
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B vitamins T1 2 T3

‘Thiamine (mg/day) <057 0.57-0.88 0.8

Case/Control 206132 186/151 147223

Model 1* 1 079 (0.57-1.08) 0.34(025-0.47) 0.95(0.92-098) <0.001
Model 2 1 038 (0.21-0.68) 0,09 (0.05-0.20) 0.91(0.86-0.96) <0.001
Riboflavin (mg/day) 0,68 0.68-0.99 >0.99

Case/Control 201137 177160 128/209

Model 1* 1 038 (0.28-0.54) 0.92(0.89-095) <0001
Model 2 1 0.48 (0.26-0.87) 0.12(0.06-0.25) 0.70 (0.64-0.78) <0001
Nicotinic acid (mg/day) <1068 10.68-15.88 >1588

Case/Control 195/143 169/170 142193

Model 1* 1 074 (054-1.01) 0,55 (0.40-0.74) 0,87 (0.80-095) <0001
Model 2 1 040 (0.23-0.69) 0.24(0.12-0.47) 0.62(0.50-0.77) <0001
Folate (ug/day) <195.82 195.82-307.57 30757

Case/Control 218120 193/144 951242

Model 1* 1 0.71(0.50-1.00) 0.22(015-031) 0.64(0.57-0.71) <0001
Model 2 1 057 (031-1.07) 0,07 (0.03-0.15) 031(0.23-0.42) <0.001
Biotin (ig/day) <162 2462-39.05 >39.05

Case/Control 180/158 1797158 147190

Model 1* 1 098 (0.73-1.33) 0,67 (0.49-0.92) 097 (092-1.02) 0007
Model 2 1 0.48 (0.27-0.86) 0.14(0.07-0.30) 0.76 (0.66-0.88) <0.001

‘Model 1: Unadjusted model.
"Model 2 Adjusted for age, BMI, occupation, education level, household income, high-risk residential areas, smoking status, history of allergies, history of head trauma, family history of
cancer, physical activity, and energy intake.

Thiamine, riboflavin per 0.1 mg/day increments, nicotinic acid per 5mg/day increment, folate per 100 ig/day increments, biotin per 10 pig/day increments.
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