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Abstract

:

Recent studies have revealed a putative relationship between diet and glioma development and prognosis, but few studies have examined the association between overall diet and glioma risk. This study, conducted in China, employed a hospital-based case-control approach. The researchers utilized an a priori method based on dietary data to evaluate compliance scores for five healthy dietary patterns (the Mediterranean diet, the Dietary Approaches to Stop Hypertension (DASH) diet, the Mediterranean-DASH diet Intervention for Neurodegenerative Delay (MIND) diet, the Paleolithic diet, and the Planetary Health Diet) in 1012 participants. At the same time, data-driven methods were used to explore the association between dietary patterns and glioma via principal component analysis (PCA). In the multivariate model, adhering to the Mediterranean diet (odds ratio (OR) = 0.29; 95% confidence interval (95% CI): 0.17–0.52), the DASH diet (OR = 0.09; 95% CI: 0.04–0.18), the MIND diet (OR = 0.25; 95% CI: 0.14–0.44), and the Paleolithic diet (OR = 0.13; 95% CI: 0.06–0.25) was associated with a reduced glioma risk. The results of PCA suggested that increasing the intake of plant-based foods and fish and limiting foods rich in carbohydrates, fats, and salts were associated with a reduced glioma risk. There was a substantial nonlinear dose–response association between glioma and the Mediterranean diet score. However, the DASH diet score, the MIND diet score, and the Paleolithic diet score exhibited linear dose–response relationships. Therefore, this study finds that dietary patterns may be an influencing factor for glioma risk.
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1. Introduction


The most frequent type of malignant adult brain tumors are gliomas, which account for 80% of all cases [1,2]. Even with aggressive treatment, the prognosis of glioma remains poor, with a median overall survival of fewer than 20 months and a 7% 5-year survival rate in certain glioblastoma patients [2]. The aggressive nature of gliomas makes it difficult to entirely eliminate them by surgical treatment [3]. A significant illness burden is placed on patients and families as a result of the high death rate of gliomas, rapid disease development, and ease of recurrence. As a result, glioma prevention has emerged as a crucial disease-fighting strategy. Identification of modifiable factors in primary prevention remain a typical goal in epidemiological studies of gliomas [4].



Diet has emerged as a significant risk factor for developing cancer [5]. The World Health Organization claimed that 30% of cancer cases in industrialized nations might be related to food [6]. A lack of vegetables and fruits and prolonged consumption of processed meats were thought to be risk factors for the majority of human cancers [7,8]. Therefore, gliomas are no exception [9]. Studies have shown that many food groups such as vegetables [10], cured meat [11], grains [12], coffee [13], and tea [14] are closely related to glioma. However, most studies on glioma have focused on single food groups or nutrients, while diets are much richer and more complex. When considering the association between a certain food group and disease, we can ignore the interactions and combined exposures between different foods [15]. Therefore, measuring the combination of dietary combinations by analyzing dietary patterns is more relevant than that of individual food groups [16] and also provides more direct evidence for the development of dietary guidelines [16]. In this regard, studies in recent years have shown that common diets, such as Mediterranean or Westernized diets, are related to other types of cancer, such as skin [17], lung [18], and stomach [19] cancer; however, dietary patterns and gliomas have hardly ever been studied. Only one Iranian study has demonstrated a significant risk reduction of glioma by adhering to the Mediterranean diet (odds ratio (OR) = 0.36; 95% confidence interval (95% CI): 0.16–0.78) [20]. However, a US cohort study did not find any substantial association [21].



To further explore the impact of dietary patterns on glioma, we conducted an analysis based on the Chinese population, to provide scientific support for the creation of primary glioma prevention measures.




2. Materials and Methods


2.1. Study Population


Our methodology has been extensively detailed in prior studies [22]. In brief, this case-control study was conducted in 2022 and focused on the Chinese adult population. According to the latest diagnostic criteria for glioma [23], the cases were glioma patients who visited Beijing Tiantan Hospital and were collaboratively diagnosed by pathologists and neuro-oncologists; they did not exceed several months from diagnosis to investigation. The control population consisted of healthy people of the community who were paired 1:1 based on age (±5 years) and sex. After excluding the population who refused to participate in the study (n = 56), the response rate was 97% in the case group and 93% in the control group. After further eliminating individuals with cognitive impairments who were unable to complete the questionnaire (n = 4), incomplete pathological information (n = 2), incomplete questionnaire information (n = 11), and mismatched individuals (n = 9), a total of 506 pairs were included in the statistical analysis (Figure S1). After a written and oral explanation of the study methods, all participants agreed and accepted a questionnaire survey to collect relevant data. The questionnaire data mainly included basic information and dietary information. Beijing Tiantan Hospital’s Institutional Review Board approved the study (No. KY2022-203-02).



The inclusion criteria mainly include the following: (a) pathological diagnosis of glioma (limited to case groups) and (b) above 18 years of age. Exclusion criteria include the following: (a) significant changes in dietary behaviors due to weight control or other reasons (e.g., culture and customs) before the survey; (b) previous cancer history (except glioma); (c) a history of hormonal drugs; (d) pregnant or lactating individuals; (e) neurological, digestive, endocrine, and other related diseases; and (f) a reported energy intake of more than 5000 or less than 400 kcal/day.




2.2. Dietary Intake Assessment


In the investigation, a reliable and effective food frequency questionnaire (FFQ) was used to evaluate dietary intake in the year before diagnosis [22,24]. The FFQ consisted of 114 items and allowed participants to report the average intake of various dietary items per specific time period, along with the frequency of consumption (daily, weekly, monthly, yearly, or never). The FFQ has been previously validated, and its reproducibility and validity were satisfactory [22]. To derive the average daily intake (in grams or milliliters), the consumption frequency was converted into a daily average intake frequency and multiplied by the average intake. Using the nutrient and energy data in the Chinese Food Composition Table [25], we calculated the average daily energy and nutrient intake.



Dietary surveys were conducted by uniformly trained and rigorously assessed investigators, and food picture pages containing various meal volumes and characteristics were used to help participants estimate their portion sizes in detail.




2.3. Assessment of Dietary Patterns Based on Priori Methods


The priori method was based on existing dietary guidelines or dietary patterns, to calculate the comprehensive score of the degree to which an individual’s diet met dietary recommendations. Based on the scores, the association between adherence to this dietary pattern and disease can be further evaluated. Each subject received a score for each dietary pattern. These dietary patterns were mainly a summary of dietary recommendations given by current epidemiological studies and nutritional knowledge for health or certain diseases. Thus, the dietary scores of priori methods measured the degree to which an individual adhered to these specific dietary patterns. Our investigation focused on five widely recognized dietary patterns: the Mediterranean diet, the Dietary Approaches to Stop Hypertension (DASH) diet, the Mediterranean-DASH diet Intervention for Neurodegenerative Delay (MIND diet), the Paleolithic diet, and the Planetary Health diet (PH diet). Supplementary Material A provides specific scoring details.




2.4. Assessment of Dietary Patterns Based on the Posterior Method


Principal component analysis (PCA) was utilized in the posterior method to isolate dietary factors. According to the type of food, the 114 items were divided into 21 food groups (Table S1). From the food intake, PCA was applied to extract dietary factors. The Kaiser–Meyer–Olkin (KMO) test and Bartlett Test of Sphericity were used to measure whether these dietary data applied to PCA. When the KMO score was more than 0.5 and the p-value of the Bartlett Test of Sphericity was under 0.05, these data were suitable for PCA. To make the data more comprehensible, orthogonal varimax rotation was performed after the principal components were extracted. The number of factors retained as the primary mode was determined by the eigenvalues (>1) and the gravel plot. Finally, the food group with an absolute value of factor load greater than 0.35 was considered to be the main contributor to the dietary factor (dietary pattern).




2.5. Covariates


The following variables, obtained through questionnaires, were considered to be potential confounding factors: basic personal information, lifestyle habits, and disease history. Basic personal information mainly included age, sex, occupation, education level, and household income. Lifestyle habits mainly include high-risk residential areas [26], smoking status, alcohol consumption, and physical activity. Based on existing questionnaires, metabolic equivalent was calculated to assess physical activity [27]. Disease histories included allergies, head trauma, and family cancer. Allergy history referred to whether the subject had allergic diseases. If the subject’s head had been injured before, it was considered as their history of head trauma. Family history of cancer referred to whether the relatives of the subject within three generations had cancer. In addition, study subjects‘ heights and weights were measured at the time of the investigation. Participants wore light indoor clothing, did not wear shoes, and remained on an empty stomach during the survey. Body mass index (BMI), which was computed as the square of body weight (kg) divided by height (m), was accurate to one decimal place for both weight and height.




2.6. Statistical Analysis


The basic characteristics of the glioma group and the healthy group were described, continuous variables were compared using the mean and standard deviation, and intergroup comparisons were made using the t-test. Categorical variables were reported as percentages, and comparisons across groups were made using the chi-square test. The association between the scores of each dietary pattern was evaluated using the Pearson correlation coefficient. Individuals were further divided into tertiles based on their scores for each dietary pattern or dietary factor. T1 represented the lowest tertile and T3 represented the highest tertile. ORs and 95% CIs for dietary pattern scores and risk of glioma were calculated via logistic regression. Model 1 was a simple logistic regression without adjustments to any confounding factors. Model 2 was a logistic regression model that adjusted for basic personal information (age, BMI, education level, occupation, and household income), lifestyle (high-risk residential areas, alcohol consumption, smoking status, and physical activity), disease status (history of head trauma, history of allergies, and family history of cancer), and energy intake. Among them, age, BMI, and energy intake were continuous variables. The others were categorical variables.



Subgroup analyses were conducted by some confounding variables. Sensitivity analysis was performed using the posterior method. The factors for each dietary pattern were determined, and Models 1 and 2 were used to determine the connection between dietary factors and gliomas.



Restricted cubic spline (RCS) analysis was used to determine the dose–response association between priori method scores and glioma. The reference value (OR = 1) was placed at the 10th percentile for each model, and four nodes were distributed across every 20 percentiles [28,29].



To further explore whether the association between diet and glioma was due to BMI. We used a causal mediating analysis to assess the mediating effect of BMI on the dietary pattern–glioma association [30]. We used dietary pattern score as an independent variable, BMI as a mediator, suffering from glioma as a dependent variable, and other variables as covariates to fit a mediating model. The “mediation” function in R was used to calculate the total effect, average causal mediation effects (ACMEs), and average direct effects (ADEs) between the two [31], as well as to estimate the proportion of BMI-mediated outcomes with significant indirect effects.



SPSS 26.0 and R software 4.1.1 were used for all statistical analyses. p < 0.05 indicated statistical significance for all bilateral statistical tests.





3. Results


3.1. Characteristics of the Study Population and Dietary Patterns


This study included 1012 participants, with 506 cases in the glioma group. The glioma group was composed of 104 astrocytomas, 67 oligodendrogliomas, 237 glioblastomas, 18 diffuse midline gliomas, and 80 others. The study subject composition in different age groups mimicked that found in the general population in terms of alcohol consumption, history of allergies, high-risk residential area, physical activity, history of head trauma, education level, and household income (Table S2). However, the younger glioma case group had a higher BMI (p < 0.001) and a greater percentage of smokers (p = 0.017), though there were no notable changes in occupation (p = 0.058) or history of cancer (p = 0.814). The family members of the older group with gliomas had a higher rate of cancer (p < 0.001), but there were no notable changes in BMI (p = 0.347), occupation (p = 0.327), or smoking status (p = 0.285) (Table 1). Additionally, the healthy group had higher scores than the glioma group across all five dietary scores, as depicted in Figure 1.




3.2. Association between Dietary Pattern Score and Glioma


Table 2 displays the findings of the association between the five dietary patterns and gliomas. In Model 2, the third tertile scores for the Mediterranean diet (OR = 0.29; 95% CI: 0.17–0.52), the DASH diet (OR = 0.09; 95% CI: 0.04–0.18), the MIND diet (OR = 0.25; 95% CI: 0.14–0.44), and the Paleolithic diet (OR = 0.13; 95% CI: 0.06–0.25) were all associated with a reduced glioma risk compared to the first tertile. However, the PH diet did not exhibit a statistically significant association.




3.3. Dietary Pattern Score and Pathological Classification and Grade of Glioma


Table 3 showed that dietary patterns had different effects on different glioma subtypes. For astrocytoma, the Mediterranean diet (OR = 0.84; 95% CI: 0.72–0.99), the DASH diet (OR = 0.62; 95% CI: 0.45–0.85), the MIND diet (OR = 0.48; 95% CI: 0.27–0.86), and the Paleolithic diet (OR = 0.65; 95% CI: 0.48–0.88) were associated with a reduced risk. For glioblastoma, the Mediterranean diet (OR = 0.91; 95% CI: 0.84–0.99), the DASH diet (OR = 0.73; 95% CI: 0.62–0.85), the MIND diet (OR = 0.44; 95% CI: 0.27–0.72), and the Paleolithic diet (OR = 0.77; 95% CI: 0.67–0.88) were associated with a reduced risk. However, due to the limited sample size of oligodendroglioma, further analysis was not conducted.



The results of dietary pattern scores and various grades of glioma showed that the Mediterranean diet (OR = 0.85; 95% CI: 0.75–0.97), the DASH diet (OR = 0.63; 95% CI: 0.47–0.85), the MIND diet (OR = 0.60; 95% CI: 0.36–0.99), and the Paleolithic diet (OR = 0.72; 95% CI: 0.59–0.88) were associated with a reduced risk of low-grade glioma. For high-grade glioma, the Mediterranean diet (OR = 0.90; 95% CI: 0.84–0.96), the DASH diet (OR = 0.78; 95% CI: 0.70–0.86), the MIND diet (OR = 0.48; 95% CI: 0.34–0.69), and the Paleolithic diet (OR = 0.80; 95% CI: 0.73–0.88) were associated with a reduced risk (Table S3).




3.4. Posterior Method and Risk of Glioma


In this study, the KMO score was determined to be 0.771 and the Bartlett’s sphericity test score was p < 0.001, suggesting that data from these food groups could be analyzed by using the test. As shown in Table S4, six dietary factors were obtained via the PCA of 21 food groups. The first factor mainly included whole grains, legumes and products, tubers, vegetables, fungi and algae, fruits, fish and seafood, dairy products, nuts, and sweet food. The second factor mainly included refined grains, red meat, salt, oils, and alcohol. The third factor mainly included tubers, poultry, and dairy products. The fourth factor mainly included animal viscera, tea and coffee, and alcohol. The fifth factor mainly included eggs, sugary drinks, tea and coffee, and cured and processed products. The sixth factor mainly included refined grains and alcohol. These components accounted for 52.14% of the variance in the initial dataset.



Table 4 presents the associations between the six dietary factors and gliomas. In Model 2, after adjusting for other variables, the results indicated that compared to the first tertile, dietary factor 1 (OR = 0.03; 95% CI: 0.01–0.08), dietary factor 3 (OR = 0.44; 95% CI: 0.26–0.77), and dietary factor 4 (OR = 0.41; 95% CI: 0.23–0.74) were significantly associated with a reduced glioma risk. Dietary factor 2 (OR = 4.99; 95% CI: 2.56–9.71) and dietary factor 6 (OR = 3.75; 95% CI: 1.89–7.44) were significantly associated with an elevated glioma risk. However, dietary factor 5 was not statistically significant.




3.5. Subgroup Analysis


After stratification by various factors and adjusting for relevant covariates using Model 2, the results for most subgroups of the five dietary patterns were in accordance with the general population. However, the results for individual subgroups were constrained by the small sample (Table S5).




3.6. Dose–Response Relationship


Figure 2 illustrates the utilization of RCSs to flexibly model and visually represent the relationship between glioma and dietary pattern scores. A non-linear dose–response relationship was observed between the Mediterranean diet score and glioma (p-nonlinearity = 0.0323), and the risk decreased with increasing score when the scores exceeded 27. A linear dose–response relationship was observed between the DASH diet score and glioma (p-nonlinearity = 0.5975), and the risk decreased with increasing score when the score exceeded 18. A linear dose–response relationship was observed between the MIND diet score and glioma (p-nonlinearity = 0.7186), and the risk decreased with increasing score. A linear dose–response relationship was observed between the Paleolithic diet scores and glioma (p-nonlinearity = 0.1516), and the risk decreased with increasing score. When the score exceeded 30, the trend tended to be stable.




3.7. Mediating Effect Based on BMI


The mediating effects suggested that the DASH diet was associated with a reduction in glioma risk due to a decrease in BMI (2.82%, p = 0.014), and the MIND diet was associated with a reduction in glioma risk due to a decrease in BMI (3.24%, p = 0.008). The effects of the Mediterranean diet and Paleolithic diet on glioma were independent of BMI (Table S6).





4. Discussion


Our research evaluated the association between glioma and five dietary patterns in a Chinese population. The Mediterranean diet, the DASH diet, the MIND diet, and the Paleolithic diet were all negatively associated with glioma risk. Similar results were discovered in gliomas of various pathological subgroups and grades. The dose–response relationships depicted in the RCS further confirmed the significant linear or nonlinear dose–response relationships between these dietary patterns and glioma. This association of dietary factors with glioma in posterior methods was similar to the results for dietary patterns in the priori method. In addition, subgroup analyses showed that the results of this study were relatively robust.



For a long time, the Mediterranean diet was considered to reduce the incidence of many chronic diseases and prolong life [32]. The Mediterranean diet and cancer (such as overall cancer risk [33], lung cancer [34], colon cancer, and gastric cancer [35]) have been associated in a number of earlier studies,. However, studies of the Mediterranean diet and gliomas are rare. For glioma, our research revealed that following the Mediterranean diet was associated with a reduced risk (OR = 0.92; 95% CI: 0.88–0.96). This is similar to the viewpoint of Mousavi et al. in Iran, who found a similar association between this dietary pattern and glioma by comparing the Mediterranean diet in 128 patients with glioma and 256 healthy people (OR = 0.36; 95% CI: 0.16–0.78) [20]. However, Kuan et al. observed opposite results in a cohort study (relative risk (RR) = 1.24; 95% CI: 1.05–1.46), and this association became insignificant after removing the earliest five years of data (RR = 1.17; 95% CI: 0.95–1.45). This was considered to be related to dietary modifications brought on by preclinical glioma [21]. However, the mechanism of the Mediterranean diet for gliomas was unclear. It was considered that the food groups in the Mediterranean diet provided various types of polyphenols and a large number of antioxidants, such as resveratrol, tannic acid, etc. [36]. These high levels of antioxidants and anti-inflammatory nutrients have inhibitory effects against the proliferation of cancer cells [37,38]. Cell experiments have shown that resveratrol could play an antiproliferative effect as an adenosine receptor agonist in glioma cells by regulating the tumor microenvironment [39]. Animal experiments have also found that when rats with glioblastoma were fed by gavage with tannic acid for half a month, it significantly reduced the levels of reactive oxygen species and thiobarbiturate reactants in brain tissue and restored superoxide dismutase activity, suggesting that tannic acid can antagonize glioblastoma by regulating oxidative stress levels [40]. Phytochemicals such as lignans [41] and quercetin [42] have shown similar results. One of the main sources of these substances is wine [43], and moderate drinking of wine is the typical Mediterranean diet’s main component [38,44]. This was hardly present in other dietary patterns.



The DASH diet was originally used to prevent cardiovascular diseases such as hypertension; however, in recent years it has also been found to be very closely related to cancer [45,46]. Benisi-Kohansal et al. reported that people who followed the DASH diet in the Middle East had a 72% lower glioma risk than those who followed the lowest (OR = 0.28; 95% CI 0.13–0.57) [47]. This was very similar to our findings (OR = 0.80; 95% CI: 0.74–0.85). However, in the study of Kuan et al., the results of the DASH diet were comparable to those of the Mediterranean diet; that is, the association with glioma was not significant [21]. The DASH diet promoted vegetables and fruits and restricted red and processed meats, which was highly consistent with dietary factor 1 (OR = 0.03; 95% CI: 0.01–0.08) and dietary factor 2 (OR = 4.99; 95% CI: 2.56–9.71) extracted by PCA in this study, indicating the DASH diet’s possible mechanism for lowering glioma risk. On the one hand, vegetables and fruits are rich in a large number of anti-tumor substances, such as flavonoids, glucosinolate, and vitamins; these compounds are involved in DNA damage repair, methylation regulation, and the promotion of apoptosis [48], and they play a certain limiting role in the occurrence of glioma [49,50]. On the other hand, processed meat products are rich in N-nitroso compounds and their precursor substances during processing and preservation [51]. Studies have shown that N-nitroso compounds have inducing effects on a variety of cancers [52]. N-nitroso compounds can cause gliomas by impairing the effectiveness of DNA damage repair, according to animal studies [53]. In addition, the development, invasion, and growth of gliomas are all significantly influenced by inflammation [54,55,56]. The DASH diet can maintain a lower level of C-reactive protein in the cycle, exert anti-inflammatory effects, and thus prevent the development of glioma [57,58].



The MIND diet mainly provides a protective effect for cognitive functions by aggregating foods that have benefits for the brain and central nervous systems, such as whole grains, legumes, nuts, olive oil, etc., found in the Mediterranean diet and the DASH diet [59]. Since the purpose of this dietary pattern is to prevent neurodegenerative diseases, the majority of studies have concentrated on the senior population’s cognitive health [60]. Thus, there has been very little study on the MIND diet and cancer. There are currently only two breast cancer studies [61,62] and one glioma study [63] that show a preventive effect against cancer. Our results also show the MIND diet’s protection against gliomas (OR = 0.55; 95% CI: 0.44–0.68), and its effect was somewhere between those of the DASH diet and the Mediterranean diet, because neurodegenerative diseases are closely associated with gliomas. Lehrer discovered a strong association between the mortality from malignant brain tumors and Alzheimer’s disease in the United States between 1999 and 2016 (p < 0.001) [64]. Thus, in addition to mechanisms similar to those of the other diets, the MIND diet may indirectly reduce the incidence of glioma by protecting cognitive function.



The Paleolithic diet is based on the lifestyle of humans in the Paleolithic Period and advocates a diet pattern with unprocessed animal and plant food as the main food [65]. In recent years, it has been demonstrated that this dietary pattern effectively protects against chronic disease [66]. Although Whalen et al. found in a cohort study based on the U.S. population that adherence to the Paleolithic diet pattern significantly reduced cancer mortality (hazard ratio (HR) = 0.72; 95% CI: 0.55–0.95) [67], there are still few studies on this diet pattern and cancer. Our study represents the first exploration of the effects of the Paleolithic diet on gliomas, and we describe a significant linear dose–response relationship between them (p-nonlinearity = 0.1516). Similar results have at present only been reported for breast cancer [68]. Furthermore, there is some controversy about this dietary pattern. Compared to other dietary patterns, it is the only one that does not limit meat intake. However, we believe that this is not contradictory to other dietary patterns. It emphasizes lean meat more than processed meats and animal fats [65]. In addition, it restricts cereals, beans, and dairy products, which are frequently regarded as healthy foods; however, it seems to be more helpful in limiting the intake of added sugars and fats [69]. Because the Paleolithic diet might reduce levels of oxidative stress and inflammation throughout the body, we still believe that it may help prevent cancer including gliomas [70,71].



The PH diet is a recommended environmentally friendly and health-conscious eating model proposed by the EAT-Lancet Commission. Unlike the goals of other dietary patterns, this dietary pattern aims to maintain human health in the face of environmental degradation caused by food production, so that the environment and human health can be jointly sustained [72]. The results of a German cohort study have shown that this dietary pattern significantly reduces greenhouse gas emissions (β = −0.22; 95% CI: −0.30–−0.14) and land use (β = −0.40; 95% CI: −0.52–−0.29) and also has a certain control effect on BMI [73]. However, our study did not find that the PH diet had any effects against glioma (OR = 0.99; 95% CI: 0.97–1.01). This may be related to lower adherence to this dietary pattern. The PH diet scores range from 0 to 150 points [74], but healthy people scored less than half of their highest score in this study (64.45 ± 13.06). Similar results were found in the Brazilian population, whose average overall score was only 45.9 (95% CI: 45.6–46.1) [75]. This dietary pattern has more refined requirements for food intake (including adequacy, optimum, ratio, and moderation) [74] and is closely related to economic income [76]; this made it more difficult for people to adhere to this dietary pattern.



The results of PCA suggested that increasing the intake of plant-based foods (vegetables, fruits, and whole grains) and fish and limiting foods rich in carbohydrates, fats, and salts (refined grains, meats, and processed foods) may reduce glioma risk. This matches the findings of an earlier investigation analyzing the association of nutrient intake patterns with gliomas [77]; because most of those dietary factors were in accordance with the components of the four dietary patterns previously described, they mutually confirm the impact of dietary patterns on glioma. In addition, previous studies have reported a significant impact of BMI on glioma, and healthy dietary habits are closely related to BMI [78]. We also further explore whether these dietary patterns might have an effect on gliomas by affecting BMI. According to the results with mediating effect, BMI only plays a small mediating role (about 3%) in the effects of the DASH diet and the MIND diet on glioma, and most diets still have direct effects on glioma. These potential mechanisms should be further explored in subsequent studies.



In addition, although no such dietary patterns and glioma prognoses have been reported, ketogenic diets with similar components to these healthy eating patterns have long been thought to aid in the treatment of glioma. Rieger et al. found that the median progression-free survival of all patients was 5 (range: 3–13) weeks and the median survival after enrollment was 32 weeks in 20 patients with recurrent glioblastoma who underwent ketogenic diet intervention [79]. Porper et al. found better median progression-free survival for newly diagnosed and relapsed diseases of 10 months and 4 months, respectively, in patients with gliomas treated on ketogenic diets in combination with metformin [80]. These all suggest that a healthy dietary pattern is also closely related to the prognosis of glioma.



This study represents the first investigation conducted in China to explore the connection between dietary patterns and glioma. Consequently, this study has some strengths. Firstly, we fully investigated the relationship between gliomas and five popular dietary patterns and made a detailed analysis based on the pathological classification and grading of gliomas. The complex relationships between different foods in this study were considered as a whole, reflecting the actual eating habits of individuals, and providing more information to illustrate the association between diet and glioma by describing the dose–response relationship. Second, this study also explored dietary patterns through PCA based on the posterior method. Using both methods (priori and posterior) on the same data yielded similar results. This allowed us to assess the diets of study subjects extensively, both avoiding some of the limitations associated with subjectivity in creating food groups and choosing which factors to retain, and providing specific information on multiple foods in the priori method [81]. Moreover, the study was the largest Chinese population study on dietary patterns and glioma in the past two decades, and its results provide some support for the creation of primary glioma prevention measures. However, the study still has some limitations. The recall bias was inevitable in a case-control study; however, we included as many new cases as possible, with most cases taking less than 3 months from diagnosis to investigation. For choice bias, we also used individual matching of age and sex, which minimized this bias. Second, due to sample size limitations, this study could not further adjust for other potential confounding factors such as sleep, stress, and other factors. Considering the large content of the dietary questionnaire, no more confounding factors were investigated to ensure good compliance; however, in this study, the potential confounding factors have been adjusted as much as possible, including history of disease and residential environment. Finally, since it was not a prospective study, this study was not able to determine causality between glioma and diet.




5. Conclusions


To summarize, our study findings indicate that, for the Chinese population, adhering to the Mediterranean diet, the DASH diet, the MIND diet, or the Paleolithic diet is associated with a reduced risk of glioma. Furthermore, we observed significant dose–response relationships, indicating that higher adherence to these dietary patterns has associations with a further-reduced glioma risk. However, it is worth noting that our study is observational, and thus causality cannot be definitively established. Future studies should focus on conducting prospective research to verify the causal relationship between these dietary patterns and glioma risk.
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Figure 1. Dietary pattern scores among study participants. 
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Figure 2. The RCS for the associations between dietary pattern scores and glioma. The lines represent adjusted odds ratios based on RCSs for the dietary pattern scores in the regression model. Knots were placed at the 20th, 40th, 60th, and 80th percentiles of the dietary pattern scores, and the reference value was set at the 10th percentile. The adjusted factors were the same as in Model 2. 
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Table 1. Basic characteristics of the study participants in different age groups.
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Age ≤ 40 (n = 500)

	
Age > 40 (n = 512)




	

	
Case (n = 239)

	
Control (n = 261)

	
p a

	
Case (n = 267)

	
Control (n = 245)

	
p a






	
Age (years)

	
31.10 ± 6.14

	
30.70 ± 5.10

	
0.427

	
52.93 ± 8.11

	
52.28 ± 8.53

	
0.379




	
Sex, n (%)

	

	

	
0.880

	

	

	
0.885




	
Male

	
55.6

	
56.3

	

	
56.6

	
55.9

	




	
Female

	
44.4

	
43.7

	

	
43.4

	
44.1

	




	
BMI (kg/m2)

	
24.01 ± 3.63

	
22.35 ± 3.40

	
<0.001

	
24.04 ± 2.88

	
23.80 ± 2.96

	
0.347




	
High-risk residential area, (%)

	

	

	
0.051

	

	

	
0.295




	
Yes

	
23.4

	
16.5

	

	
19.5

	
23.3

	




	
No

	
76.6

	
83.5

	

	
80.5

	
76.7

	




	
Occupation, (%)

	

	

	
0.058

	

	

	
0.327




	
Manual workers

	
20.1

	
12.3

	

	
32.2

	
29.0

	




	
Mental workers

	
71.5

	
78.1

	

	
35.2

	
41.6

	




	
Others

	
8.4

	
9.6

	

	
32.6

	
29.4

	




	
Education level, (%)

	

	

	
<0.001

	

	

	
<0.001




	
Primary school and below

	
1.3

	
0.8

	

	
12.0

	
4.5

	




	
Middle school

	
31.0

	
11.1

	

	
50.9

	
40.0

	




	
University and above

	
67.7

	
88.1

	

	
37.1

	
55.5

	




	
Household income, (%)

	

	

	
<0.001

	

	

	
<0.001




	
<3000 ¥/month

	
5.4

	
14.6

	

	
13.5

	
22.0

	




	
3000–10,000 ¥/month

	
78.7

	
52.1

	

	
73.4

	
46.2

	




	
>10,000 ¥/month

	
15.9

	
33.3

	

	
13.1

	
31.8

	




	
Smoking status, (%)

	

	

	
0.017

	

	

	
0.285




	
Never

	
72.0

	
81.6

	

	
68.2

	
68.5

	




	
Former smoker

	
7.5

	
3.1

	

	
17.6

	
13.5

	




	
Current smoker

	
20.5

	
15.3

	

	
14.2

	
18.0

	




	
Alcohol consumption, (%)

	

	

	
<0.001

	

	

	
<0.001




	
Never

	
68.2

	
56.3

	

	
60.3

	
56.3

	




	
Occasional drinker

	
13.8

	
32.6

	

	
12.0

	
27.8

	




	
Frequent drinker

	
18.0

	
11.1

	

	
27.7

	
15.9

	




	
History of allergies, (%)

	

	

	
0.005

	

	

	
0.037




	
Yes

	
7.9

	
16.1

	

	
7.5

	
13.1

	




	
No

	
92.1

	
83.9

	

	
92.5

	
86.9

	




	
History of head trauma, (%)

	

	

	
0.923

	

	

	
0.269




	
Yes

	
10.5

	
10.7

	

	
12.0

	
9.0

	




	
No

	
89.5

	
89.3

	

	
88.0

	
91.0

	




	
Family history of cancer, (%)

	

	

	
0.814

	

	

	
<0.001




	
Yes

	
24.3

	
23.4

	

	
35.2

	
18.8

	




	
No

	
75.7

	
76.6

	

	
64.8

	
81.2

	




	
Physical activity, (%)

	

	

	
<0.001

	

	

	
<0.001




	
Low

	
15.9

	
48.7

	

	
11.6

	
42.8

	




	
Moderate

	
45.2

	
33.7

	

	
37.8

	
39.2

	




	
Extreme

	
38.9

	
17.6

	

	
50.6

	
18.0

	








a. p-values were derived from the Student’s t-test for continuous variables according to the data distribution and the chi-square test for categorical variables.













 





Table 2. Adjusted ORs and 95% CIs for the association between dietary pattern scores and glioma.
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	T1
	T2
	T3
	Continuous c
	p-continuous





	Mediterranean Diet
	≤26
	27–30
	>30
	
	



	Case/Control
	245/166
	144/151
	117/189
	
	



	Model 1 a
	1
	0.61 (0.45–0.84)
	0.43 (0.31–0.58)
	0.94 (0.92–0.96)
	<0.001



	Model 2 b
	1
	0.41 (0.23–0.74)
	0.29 (0.17–0.52)
	0.92 (0.88–0.96)
	<0.001



	DASH Diet
	≤23
	24–28
	>28
	
	



	Case/Control
	268/117
	160/183
	78/206
	
	



	Model 1 a
	1
	0.35 (0.25–0.50)
	0.15 (0.10–0.23)
	0.84 (0.82–0.87)
	<0.001



	Model 2 b
	1
	0.30 (0.16–0.56)
	0.09 (0.04–0.18)
	0.80 (0.74–0.85)
	<0.001



	MIND
	≤5.5
	6–6.5
	>6.5
	
	



	Case/Control
	249/142
	146/150
	111/214
	
	



	Model 1 a
	1
	0.57 (0.41–0.78)
	0.28 (0.20–0.40)
	0.64 (0.57–0.71)
	<0.001



	Model 2 b
	1
	0.48 (0.28–0.85)
	0.25 (0.14–0.44)
	0.55 (0.44–0.68)
	<0.001



	Paleolithic Diet
	≤30
	31–34
	>34
	
	



	Case/Control
	271/131
	141/163
	94/212
	
	



	Model 1 a
	1
	0.35 (0.25–0.50)
	0.20 (0.14–0.28)
	0.85 (0.83–0.88)
	<0.001



	Model 2 b
	1
	0.31 (0.16–0.58)
	0.13 (0.06–0.25)
	0.82 (0.77–0.87)
	<0.001



	PH Diet
	≤58.61
	58.61–69.64
	>69.64
	
	



	Case/Control
	182/156
	171/166
	153/184
	
	



	Model 1 a
	1
	0.87 (0.64–1.18)
	0.70 (0.51–0.95)
	0.99 (0.98–1.00)
	0.035



	Model 2 b
	1
	0.94 (0.55–1.60)
	0.61 (0.35–1.08)
	0.99 (0.97–1.01)
	0.198







Note: T1, T2, and T3 represent the tertiles of each dietary pattern score. a Model 1: unadjusted model. b Model 2: adjusted for age, BMI, occupation, education level, household income, high-risk residential areas, smoking status, alcohol consumption, history of allergies, history of head trauma, family history of cancer, physical activity, and energy intake. c The results were obtained from dietary scores as continuous variables.













 





Table 3. Adjusted ORs and 95% CIs for the association between dietary pattern scores and glioma of different pathological classifications.
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	Pathological Classification a
	Model 1 b
	p
	Model 2 c
	p





	Astrocytoma
	
	
	
	



	Mediterranean Diet
	0.91 (0.86–0.97)
	0.005
	0.84 (0.72–0.99)
	0.031



	DASH Diet
	0.79 (0.71–0.87)
	<0.001
	0.62 (0.45–0.85)
	0.003



	MIND Diet
	0.64 (0.50–0.83)
	0.001
	0.48 (0.27–0.86)
	0.013



	Paleolithic Diet
	0.84 (0.78–0.91)
	<0.001
	0.65 (0.48–0.88)
	0.006



	PH Diet
	0.99 (0.97–1.01)
	0.466
	1.01 (0.97–1.05)
	0.794



	Glioblastoma
	
	
	
	



	Mediterranean Diet
	0.94 (0.91–0.98)
	0.001
	0.91 (0.84–0.99)
	0.028



	DASH Diet
	0.84 (0.80–0.88)
	<0.001
	0.73 (0.62–0.85)
	<0.001



	MIND Diet
	0.65 (0.55–0.77)
	<0.001
	0.44 (0.27–0.72)
	0.001



	Paleolithic Diet
	0.86 (0.82–0.90)
	<0.001
	0.77 (0.67–0.88)
	<0.001



	PH Diet
	0.99 (0.98–1.01)
	0.265
	1.00 (0.97–1.04)
	0.990







Note: Due to the small sample size of oligodendroglioma, no further analysis was conducted. a The results were derived from dietary scores expressed as continuous variables. b Model 1: unadjusted model. c Model 2: adjusted for age, BMI, occupation, education level, household income, high-risk residential areas, smoking status, alcohol consumption, history of allergies, history of head trauma, family history of cancer, physical activity, and energy intake.













 





Table 4. Adjusted ORs and 95% CIs for the association between dietary factors in PCA and glioma.
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	T1
	T2
	T3
	p-trend





	Factor 1
	≤−0.46
	−0.46–0.94
	>0.94
	



	Case/Control
	328/169
	123/169
	55/168
	



	Model 1 a
	1
	0.34 (0.24–0.48)
	0.17 (0.11–0.25)
	<0.001



	Model 2 b
	1
	0.16 (0.08–0.30)
	0.03 (0.01–0.08)
	<0.001



	Factor 2
	≤−0.94
	−0.94–−0.26
	>−0.26
	



	Case/Control
	85/171
	81/167
	340/168
	



	Model 1 a
	1
	0.98 (0.65–1.46)
	3.97 (2.79–5.64)
	<0.001



	Model 2 b
	1
	1.27 (0.66–2.46)
	4.99 (2.56–9.71)
	<0.001



	Factor 3
	≤−0.12
	−0.12–0.33
	>0.33
	



	Case/Control
	201/171
	181/169
	124/166
	



	Model 1 a
	1
	0.87 (0.64–1.18)
	0.60 (0.43–0.84)
	0.005



	Model 2 b
	1
	0.57 (0.34–0.95)
	0.44 (0.26–0.77)
	0.003



	Factor 4
	≤−0.40
	−0.40–0.01
	>0.01
	



	Case/Control
	246/178
	114/161
	146/167
	



	Model 1 a
	1
	0.50 (0.36–0.69)
	0.60 (0.44–0.82)
	0.014



	Model 2 b
	1
	0.37 (0.21–0.63)
	0.41 (0.23–0.74)
	0.018



	Factor 5
	≤−0.35
	−0.35–0.25
	>0.25
	



	Case/Control
	136/171
	192/167
	178/168
	



	Model 1 a
	1
	1.48 (1.08–2.02)
	1.37 (0.99–1.89)
	0.062



	Model 2 b
	1
	1.33 (0.79–2.25)
	0.93 (0.55–1.56)
	0.709



	Factor 6
	≤−0.38
	−0.38–−0.08
	>−0.08
	



	Case/Control
	64/171
	161/167
	281/168
	



	Model 1 a
	1
	2.92 (1.96–4.37)
	5.42 (3.61–8.13)
	<0.001



	Model 2 b
	1
	2.99 (1.63–5.47)
	3.75 (1.89–7.44)
	0.001







Note: T1, T2, and T3 represent the tertiles of each dietary factor score. a Model 1: unadjusted model. b 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.
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