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Abstract 

Although the association of individual foods and nutrients with glioma have been investigated, studies on the asso‑
ciation of major dietary patterns and glioma are scarce. The aim of this study was to examine the association 
between major dietary patterns and risk of glioma in a group of Iranian adults. In this hospital-based case–control 
design, we recruited 128 newly diagnosed glioma cases and 256 controls in Tehran from 2009 to 2011. A Willett-
format-validated 126-item semi-quantitative Food Frequency Questionnaire (FFQ) was used to assess participants’ 
dietary intake. Factor analysis was used to identify major dietary patterns. We identified 3 major dietary patterns using 
factor analysis: high protein, vegetarian and western dietary pattern. After several adjustments for potential confound‑
ers, adherence to the high protein dietary pattern was inversely associated with risk of glioma (OR: 0.47; 95% CI: 0.23, 
0.95). Consumption of vegetarian dietary pattern was also associated with a reduced risk of glioma (OR: 0.16; 95% CI: 
0.07, 0.34). Greater adherence to the western dietary pattern was associated with a greater chance of glioma (OR: 3.30; 
95% CI: 1.52, 7.17). We found that high protein, vegetarian and western dietary pattern were significantly associated 
with glioma risk. Further prospective studies are needed to confirm these findings.
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Introduction
Cancers are the leading cause of premature death in 
developed countries [1]. Glioma is the most common 
type of brain cancer, accounting for nearly 80% of all 
malignant primary intracranial tumors [2]. It is often 
diagnosed in advanced stage and is poorly responsive 
to currently available treatments [3], therefore, median 
overall survival of patients with glioma is less than 
2 years [4]. In 2019, a total of 296,851 new cases of can-
cers of the brain and central nervous system were diag-
nosed [1]. In Iran, incident primary brain tumors is 
shown as 5.69 per 100,000 person-years by a significant 
gender difference; such that it was prevalent among men 
than women [5].

The relationship between diet and adult glioma has been 
the focus of nutritional investigations in recent years [6]. 
Although diet-disease associations can be explored in 
terms of individual nutrients and foods, most nutritional 
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epidemiologists suggested the approach of dietary pat-
terns when investigation such associations [7]. Assessment 
of individual nutrients and foods have several limitations 
which could be overcome by looking at dietary patterns 
[7]. Although dietary patterns have been examined in rela-
tion to several health-related outcomes including cancers 
[8–11], few studies are available assessing the link between 
major dietary patterns and glioma. In a case–control study, 
the association between dietary patterns during adoles-
cence and the occurrence of brain tumors in adulthood 
was investigated. The researchers of that study suggested 
that a dietary patterns high in sugar and fat-rich foods 
was associated with a lower probability of developing 
intracranial tumors [12]. In a combined analysis of 3 large 
prospective studies in the UK and US revealed a weak 
association between adherence to healthy dietary patterns, 
as measured by the dietary approaches to stop hyperten-
sion (DASH) eating plan, alternate Mediterranean diet and 
Alternative Healthy Eating Index (AHEI), and increased 
risk of glioma; however, these associations were generally 
null after excluding the first 5 years of follow-up [13]. The 
findings of a meta-analysis showed that following a healthy 
diet and consuming more vegetables and fruits was associ-
ated with reduced risk of glioma, but the findings regard-
ing the consumption of whole grains, fresh fish, dairy 
products and nuts were not significant [14].

Most previous studies on diet and cancers have been 
performed in Western countries, and few studies have 
been done in the Middle East, where people’s dietary pat-
terns are likely to be different from western nations due 
to geographic differences, socioeconomic status, and 
food habits, preferences, and food availability [7]. Peo-
ple in the Middle East consume high amounts of refined 
grains, hydrogenated fats, and low amounts of fruits and 
vegetables and dietary fiber [15]. The association between 
some components of such dietary patterns with glioma 
has earlier been reported [16, 17]. In addition, because 
of the nutritional transition in this region consumption 
of processed foods is growing in Iran and given the high 
nitrate content of these products, they might contribute 
to the increasing prevalence of cancers [18]. However, 
there is no information assessing the association between 
whole dietary patterns and risk of glioma in this popu-
lation. Therefore, we aimed to explore the association 
between posteriori dietary patterns and risk of glioma in 
a group of Iranian adults.

Methods
Participants
In the current case–control investigation, we recruited 
patients with newly-diagnosed glioma from three hos-
pitals affiliated to Shahid Beheshti University of Medi-
cal Sciences including Loghman Hakim, Imam Hussein 

and Shohadaye Tajrish hospital in Tehran, Iran. This 
process was done from November 2009 to September 
2011. Selection of cases was done based on convenience-
sampling method, in which any individual diagnosed 
with this type of cancer in the past month was enrolled, 
albeit after his/her agreement. With 80% study power, 
type I error of 0·05 and desired Confidence Interval (CI) 
of 0·95, we needed a minimum of 115 cases and at least 
230 controls without glioma. However, we recruited 128 
cases and 256 controls, all from a referral hospital for gli-
oma in Tehran, Iran. In brief, out of 235 newly diagnosed 
patients with glioma that were referred by the patholo-
gist, 40 cases did not meet the inclusion criteria, 15 cases 
were severely sick and were not able to be interviewed, 22 
cases denied participation and 30 cases did not provide 
adequate information about study variables (lack of accu-
rate and complete answers to the questionnaires). There-
fore, 128 patients (75 males and 53 females) with glioma 
were included. Cases were individuals with confirmed 
pathological glioma (morphological codes ICD-O-2 
9380–9481) during the past month. To get included in 
the study, they had to be between 20 and 75 years old. We 
did not include individuals with a prior history of chemo-
therapy or radiotherapy (due to cancer) and individu-
als with a confirmed pathological history of any type of 
cancer (except glioma). Participants in the control group 
were between 20 and 75 years who were hospitalized in 
other wards (orthopedic or surgical wards) of the same 
hospital or referred to the same clinic affiliated to Sha-
hid Beheshti University of Medical Sciences. In addition, 
individuals with chronic digestive disorders, liver disease, 
diabetes and other metabolic disorders, immune system 
disorders and those who followed a special diet (such as 
a weight loss diet) were not included in the study. Cases 
and controls were matched in terms of age and sex. All 
cases and controls provided their informed written 
consent. This study has been ethically approved by the 
Research Council of Food Security Research Center, Isfa-
han University of Medical Sciences, Isfahan, Iran.

Dietary assessment
A Willett-format-validated 126-item semi-quantitative 
Food Frequency Questionnaire (FFQ) was used to obtain 
information on usual dietary intakes of study partici-
pants. Validity and reliability of the FFQ have earlier been 
examined and the findings revealed a reasonable assess-
ment of long-term dietary intakes [19]. The questionnaire 
was consisted of 126 food items with standard portion 
sizes commonly consumed by this population. Trained 
interviewers, who were experienced in completing such 
questionnaires, filled the FFQ through face-to-face inter-
views. Interviews were also conducted in the presence 
of individuals who were involved in the preparation and 
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cooking of foods. Cases were asked to report their usual 
dietary intakes during the year before glioma diagno-
sis and controls were asked to report their usual dietary 
intakes during the year prior to interview based on a 
given serving of food on a daily, weekly or monthly basis. 
All reported consumption frequencies were converted 
to daily grams using Iranian household measures [20]. 
Then, daily energy and nutrient intakes were determined 
using the US Department of Agriculture food composi-
tion database [21], which was modified for Iranian foods. 

The interviewer was completely unaware of the research 
hypotheses, but was aware of the participants’ condition 
(disease-related).

Assessment of dietary patterns
In the current study, we used principal component anal-
ysis to identify major dietary patterns. First, in order to 
reduce data complexity, the 126 food items were classi-
fied into 36 previously defined groups (Table  1). This 
classification was done based on foods’ similarities, 

Table 1  Food grouping used in the dietary pattern analysis

Food groups Food items

Processed meats Salted and smoked meat, hamburgers, sausage, cold cuts, other cured meat (like nugget)

Cured fish Canned tuna fish, smoked and salted fish

Red meats Beef, lamb, kebab

Organ meats Beef liver, brain, tongue, kidney

Fish Fried fish or fish sandwich and other fish broiled or baked

Poultry Chicken

Eggs Eggs

Dairy products Skim, low or high-fat and whole milk, low and high-fat yogurt, chocolate milk, cream and cheese

Citrus fruits and juices Oranges, tangerine, lemons, grapefruit, orange juice or grapefruit juice, lemon juice

Other fruits and juices Pomegranates, kiwi, melon, cantaloupe, watermelon, dates, dried fruits, raisins or grapes, pears, 
peaches, plums, mulberry, cherries, apricots, strawberries, bananas, apples, other fruit juices (except 
for citrus fruits juices)

Cruciferous vegetables Cabbage or cauliflower and Brussels sprouts

Yellow vegetables Carrots, carrot juice

Tomato Tomato, tomato sauce

High-nitrate vegetables Beet, turnip, radish, lettuce, spinach, celery, other vegetables (like parsley, coriander, etc.)

Other vegetables Green beans, raw onions, bell pepper, mixed vegetables, green vegetable, eggplant, squash, cucumber

Legumes Beans, peas, lentils, soy, split peas, other legumes

Garlic Garlic

French fries French fries

Whole grains Dark breads (Iranian), barley bread, popcorn and corn, wheat germ, bulgur

Refined grains White breads (lavash, baguettes, tafton), pasta, rice, potatoes

Snacks Potato chips

Nuts Walnuts, roasted seeds, mixed nuts (peanuts, almonds, pistachios, hazelnuts)

Olives Olives, olive oils

Non-healthy oils Hydrogenated fats, animal fats, butter, cream, mayonnaise

Vegetable oils Vegetable oils (except for olive oil)

Sugars Sugars, candies, chocolates, jam and honey, local sweets

Sweets and desserts Pastries

Ice cream Ice cream

Soft drinks Soft drinks

Yogurt drink Doogh

Tea Tea

Coffee Coffee

Condiments Condiments, fried and cooked onions, fried and cooked garlics

Salt Salt

Pickles Pickles

Alcohol Wine, liquor
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nutrient composition or their kitchen usages, and based 
on previous studies [15]. Some foods (such as egg) that 
had unique nutritional profile was considered as an indi-
vidual food group.

Then, principal component analysis was applied, in 
which orthogonal transformation (varimax rotation) was 
used as a rotation method to better interpretation of data 
and obtain independent dietary patterns. To retain a fac-
tor as a major dietary pattern, we used eigenvalues and 
Scree plot. Labeling dietary patterns was done based on 
our interpretation of data and prior literature. Factor 
loadings show correlation coefficients between each food 
group and dietary pattern. Only food groups that had an 
absolute factor loading ≥ 0.30 were considered as impor-
tant factors in food patterns and were included in analy-
sis. Food groups with a higher factor loading had a higher 
contribution in a dietary pattern. The factor score for 
each pattern was then calculated by summing intakes of 
food groups weighted by their factor loadings, and each 
participant received a factor score for each pattern.

Assessment of other variables
Required information about sex, age, marital status, 
occupation, living place, education, smoking status, his-
tory of allergy, history of hypertension, family history of 
cancer and glioma and use of supplements were gathered 
using a pretested questionnaire. A trained dietitian also 
examined anthropometric indicators and filled physical 
activity questionnaire. Participants’ physical activity over 
the past year was assessed using the International Physi-
cal Activity Questionnaire and was reported as Meta-
bolic Equivalents (MET)-h/week. Weight was measured 
in light clothing without shoes by using a digital scale 
to the nearest 500  g. Height was measured in a stand-
ing position with normal shoulders position using a tape 
measure to the nearest 0/5 cm and BMI was calculated as 
weight divided by height (m2). Farmers were considered 
as having a high-risk job [22]. High-risk residential areas 
were defined as living close to electromagnetic fields, cell 
phone and broadcast antennas during the last 10  years 
[23]. In addition, use of fried foods canned foods and 
barbecue at least twice per week was considered as risk 
factors.

Statistical analysis
First, we classified the obtained dietary patterns from 
factor analysis into quartiles to investigate the associa-
tions. One-way analysis of variance with Tukey’s post 
hoc comparisons was used to assess differences in gen-
eral characteristics across quartiles for quantity variables. 
Chi-square test was used to evaluate the distribution of 
participants in terms of categorical variables. To deter-
mine the association between dietary patterns and odds 

of glioma, we used multivariable logistic regression 
analysis, in which the effect of sex, age, energy intake, 
physical activity, education, cigarette smoking, history 
of allergy, history of hypertension, family history of can-
cer, family history of glioma, marital status, Living place, 
high-risk residential area, frequent fried food intake, fre-
quent use of barbecue, frequent use of canned foods and 
finally BMI was taken into account in different models. 
In all these analyses, the first quartile of dietary pattern 
scores was considered a reference. All statistical analyses 
were done by SPSS (version 16).

Results
Using factor analysis, we identified 3 major dietary pat-
terns. Based on food loaded in these dietary patterns, 
they were labeled as: high protein dietary pattern (which 
was highly loaded with poultry, cured fish, processed 
meats, fish, eggs, sweet and desserts, coffee, nuts, olives 
and yellow vegetables), vegetarian dietary pattern (high 
in other vegetables, other fruits and juices, high-nitrate 
vegetables, citrus fruits and juices, legumes, condiments, 
cruciferous vegetables, pickles, tomato and yogurt drink) 
and western dietary pattern (high in non-healthy oils, 
soft drinks, refined grains, alcohol, vegetable oils, sugar 
and red meats). The factor-loading matrixes for these die-
tary patterns are shown in Table 2.

Characteristics of cases and controls across quartiles 
of major dietary patterns’ scores are shown in Table  3. 
Among controls, greater adherence to the high protein 
dietary pattern was associated with a younger age and 
less physical activity. They were also less likely to be mar-
ried and illiterate and more likely to take supplements 
than those in the lowest quartile. Controls in the top 
quartile of vegetarian dietary pattern were less likely to 
smoke and more likely to be married than those in the 
bottom quintile. Consumption of western dietary pattern 
among controls was associated with younger age. In addi-
tion, controls in the highest quartile had higher weight 
and were more likely to be men and smoker than those 
in the lowest quartile. Also, more adherence to the west-
ern dietary pattern was associated with more fried foods 
intake and barbecue use.

Compared to the lowest quartile, cases in the highest 
quartile of the high protein dietary pattern were more 
likely to live in high-risk residential areas and consume 
canned foods. Greater adherence to vegetarian dietary 
pattern was associated with lower history of allergy. 
Cases in the top quartile of western dietary pattern were 
younger and more likely to smoke than those in bottom 
quartile.

Dietary intakes of cases and controls across quartiles 
of major dietary patterns’ scores are shown in Table  4. 
Among controls, greater adherence to high protein 
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dietary pattern was associated with higher intake of 
energy, dairies, meats, vitamin A, beta-carotene, vita-
min E and calcium. In addition, they consumed higher 
amounts of dietary proteins, fats and cholesterol and 
lower amounts of non-healthy oils and grains. Follow-
ing the vegetarian dietary pattern among controls was 

associated with greater intakes of energy, vegetables, 
fruits, dairies, non-healthy oils, legumes, vitamin A, 
beta-carotene, vitamin C and fats and lower intakes of 
carbohydrates. Controls in the highest quartile of west-
ern dietary pattern had higher intakes of energy, grains, 
carbohydrates and non-healthy oils and lower intake of 
vitamin E compared to those in the lowest quartile.

Looking at dietary intake among cases, we observed 
that adherence to a high protein dietary pattern was 
associated with a high consumption of meats, vitamin 
A, vitamin E, proteins, fats and cholesterol, and low con-
sumption of non-healthy oils and grains. Cases in the top 
quartile of vegetarian dietary pattern had significantly 
higher intakes of energy, vegetables, fruits, legumes, car-
bohydrates, vitamin E, vitamin C and calcium. Compar-
ing extreme quartiles, we found that greater adherence to 
the western dietary pattern among cases was associated 
with higher energy, carbohydrates and non-healthy oils 
intake.

Adjusted odds ratios (ORs) and their 95% CIs for gli-
oma across quartile categories of major dietary patterns’ 
scores are shown in Table 5. Adherence to the high pro-
tein dietary pattern was inversely associated with the risk 
of glioma (OR: 0.47; 95% CI: 0.23, 0.95) after controlling 
for several potential covariates. Additional adjustment 
for BMI had no significant effect on this association 
(Fig.  1). Consumption of vegetarian dietary pattern was 
also associated with a reduced risk of glioma; such that 
those in the highest quartile of this dietary pattern were 
84% less likely to have glioma than those in the lowest 
quartile (OR: 0.16; 95% CI: 0.07, 0.34) (Fig.  2). Greater 
adherence to western dietary pattern was associated with 
a greater chance of glioma (OR: 3.30; 95% CI: 1.53, 7.16). 
This association remained significant even after further 
adjusting for BMI (OR: 3.30; 95% CI: 1.52, 7.17) (Fig. 3).

Discussion
In this case–control study, we found that greater adher-
ence to vegetarian dietary pattern and high- protein die-
tary pattern was associated with decreased risk of glioma, 
while consumption of western dietary pattern was associ-
ated with a higher risk of glioma. To our knowledge, this 
study was the first to examine the relationship between 
major dietary patterns and risk of glioma in the Middle 
East.

According to our findings, greater adherence to high 
protein dietary pattern (which was highly loaded with 
poultry, cured fish, processed meats, fish, eggs, sweet 
and desserts, coffee, nuts, olives and yellow vegeta-
bles) was associated with 53% decreased risk of glioma. 
Our previous study in this population revealed that 
consumption of low carbohydrate diet (low in carbo-
hydrates and high in protein and fat), that is nearly 

Table 2  Factor-loading matrix for major dietary patternsa

a Values < 0.30 were excluded for simplicity

Food groups Dietary patterns

High protein 
dietary 
pattern

Vegetarian 
dietary 
pattern

Western 
dietary 
pattern

Processed meats 0.53 - 0.37

Cured fish 0.56 - -

Red meats - - 0.41

Organ meats - - -

Fish 0.51 - -

Poultry 0.67 - -

Eggs 0.51 - 0.36

Dairy products 0.32 - -

Citrus fruits and juices 0.35 0.52 -

Other fruits and juices - 0.60 -

Cruciferous vegetables - 0.50 -

Yellow vegetables 0.41 0.33 -

Tomato - 0.48 -

High-nitrate vegetables 0.39 0.55 -

Other vegetables - 0.71 -

Legumes - 0.51 -

Garlic - 0.32 -

French fries - - 0.32

Whole grains - - -

Refined grains - - 0.52

Snacks - - 0.35

Nuts 0.43 0.38 -

Olives 0.42 - -

Non-healthy oils 0.30 - 0.60

Vegetable oils 0.36 - 0.46

Sugars - - 0.43

Sweets and desserts 0.50 - -

Ice cream - - -

Soft drinks - - 0.53

Yogurt drink - 0.42 -

Tea - - -

Coffee 0.44 - -

Condiments - 0.51 -

Salt - - -

Pickles - 0.50 -

Alcohol - - 0.47

Percentage of variance 
explained (%)

0.101 0.100 0.081
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similar to high protein dietary pattern was associ-
ated with a reduced risk of glioma [24]. Our findings 
are mostly consistent with other studies that have 
examined the association between components of 
high protein dietary pattern separately with glioma 
risk [25–28]. Although it seems that the consump-
tion of processed meat may be associated with an 
increased risk of cancers, the results of a meta-anal-
ysis showed that consumption of processed red meat 
was not generally associated with the risk of glioma in 
case–control or cohort studies [28]. In addition, some 
components of high protein dietary pattern may have 
protective effects against glioma. For instance, findings 
from meta-analysis studies revealed that consump-
tion of fresh fish and coffee has been associated with 
reduced risk of glioma [25, 27]. In addition, eggs and 
nuts as components of high protein dietary pattern can 
also explain the favorable association of this dietary 
pattern with glioma [26, 29].

In the current study, we found a significant asso-
ciation between vegetarian dietary pattern and risk of 
glioma; so that greater adherence to vegetarian die-
tary pattern was associated with a decreased risk of 
glioma. Adherence to plant-based dietary pattern and 
also healthy plant-based dietary pattern was also asso-
ciated with a reduced risk of glioma in earlier studies 
[30]. In addition, our finding in previous study showed 
an inverse association between consumption of leg-
umes and nuts and risk of glioma [26]. In contrast, a 
combined analysis of 3 large prospective studies in the 
UK and US showed weak evidence for increased risk of 
glioma by greater adherence to healthy dietary patterns 
(DASH diet, alternate Mediterranean diet and Alter-
native Healthy Eating Index). However, finding of that 
study was attenuated toward the null after excluding 
the first 5 years of follow-up [13]. Conflicting findings 
may be explained by differences in study design, study 
population, dietary assessment methods, as well as dif-
ferent dietary components of the patterns. Overall, 

given the nature of observational studies, our results 
need to be confirmed by more comprehensive prospec-
tive studies in future.

We found a significant positive association between 
western dietary pattern (high in non-healthy oils, soft 
drinks, refined grains, alcohol, vegetable oils, sugar and 
red meats) and risk of glioma. No other earlier study 
reported a positive association between western dietary 
pattern and risk of glioma. However, components of 
western dietary pattern have been linked with elevated 
risk of glioma in previous studies. For example, our previ-
ous investigation in this population showed a significant 
positive association between consumption of refined 
grains and the risk of glioma [17]. In addition, high die-
tary glycemic index, which is a characteristic of western 
dietary patterns, has also earlier been shown with ele-
vated risk of glioma [31]. Unlike our findings, some stud-
ies reached opposite findings. In a case–control study, an 
inverse association was reported between a dietary pat-
tern so-called as "snacks" and risk of glioma. That dietary 
pattern was high in snacks, candy, cookies and cakes, 
dairy products, ham, sauces, beef, and soft drinks, which 
were nearly similar to foods loaded in our western die-
tary pattern [12]. The opposite finings might be explained 
by several factors: Albuquerque et  al. questioned their 
adult participants about their remote dietary intake dur-
ing adolescence. Remembering remote dietary intakes 
and the adherent biases might affect their findings. In 
addition, discrepancy in the components of dietary pat-
terns between the two studies might provide some other 
explanations for these different findings.

The protective associations of a high protein dietary 
pattern against glioma might be attributed to the benefi-
cial components of this pattern. Unsaturated fatty acids 
in poultry and fish can provide some reasons [32]. Fish 
is a primary source of omega-3 fatty acids, which can 
in turn inhibit biosynthesis of eicosanoids derived from 
arachidonic acid, decrease inflammation, inhibit muta-
tions, and enhance cell apoptosis [33, 34]. In addition, in 

Fig. 1  Multivariable-adjusted odds ratios (95% CIs) for glioma across quartile (Q) categories of High protein dietary pattern scores
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a previous study we found that a higher intake of polyun-
saturated fatty acids was associated with a reduced risk of 
glioma [35]. Eggs in this dietary pattern as a food source 
of cholesterol can provide the cholesterol needed to form 
and maintain lipid rafts and thus through which might 
help functioning the brain properly. In addition, since 
eggs are a good source of protein, lecithin and choline, 
they can help with antioxidant function, synthesis of neu-
rotransmitters and brain enzymes [36, 37]. Nuts provide 
essential fatty acids, vitamins (especially vitamin E), min-
erals, antioxidants and polyphenols that can have antioxi-
dant, anti-inflammatory and apoptotic regulatory effects 
against tumor cells [38].

Several physiological mechanisms can be regarded for 
the inverse association between vegetarian dietary pat-
tern and risk of glioma. Its high content of vegetables, 
fruit, legumes, and nuts, which are originally rich in 
vitamins, minerals, antioxidants and polyphenols might 
account for this protective association [39]. These com-
ponents have been shown to reduce oxidative stress and 
inflammation through which they might prevent the pro-
duction of reactive oxygen species [40]. In addition, high 
amount of fiber and phytochemicals in this pattern can 
play a key role in prevention of cancer by reducing cir-
culating estrogens and androgens, inflammation, insulin 
resistance, and IGF-1 concentration [41, 42].

The positive association between western dietary pat-
tern and risk of glioma can be attributed to the compo-
nents of this pattern, e.g. refined grains, sugar and soft 
drinks. These components have a high glycemic index 
that might increase plasma insulin concentrations and 
IGF-1 levels [43]. The IGF-1 signaling system can stimu-
late cancer progress by preventing apoptosis and stimu-
lating cell proliferation. IGF-1 is a key mitogenic stimulus 
for tumor cell growth [44]. In addition, consumption of 
high glycemic index foods has been associated with a 
greater risk of inflammation and oxidative stress [45, 46]; 
these factors can eventually result in glioma [47].

Another issue that should be considered is the rela-
tionship between the patients’ dietary pattern and pro-
gression and severity of glioma. Studies in this area are 
limited. The results of an animal study showed that a 
low-calorie and low-protein diet could not be effective 
in reducing the progression of glioma [48]. The find-
ings of a cell study showed the effectiveness of ketogenic 
diet in reducing the growth of glioma [49]. The findings 
of another study showed that fructose metabolism is 
increased in glioma cells and this leads to further tumor 
growth, so a diet containing high amounts of fructose 
may affect the progression and severity of the disease in 
patients with glioma [50]. Also, studies have shown the 
therapeutic effects of some nutrients including vitamin 

Fig. 2  Multivariable-adjusted odds ratios (95% CIs) for glioma across quartile (Q) categories of Vegetarian dietary pattern scores

Fig. 3  Multivariable-adjusted odds ratios (95% CIs) for glioma across quartile (Q) categories of Western dietary pattern scores
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A, vitamin D and conjugated linoleic acid in glioma 
[51–53]. Further human studies in the future will help 
clarify the connections.

Other important issue that should be considered is 
food processing. The method, duration and temperature 
of processing have an effect on the nutrient content of 
food. For example, as a result of cooking vegetables such 
as spinach, broccoli and sweet potato, their iron and zinc 
content decreases between 10 and 27 percent [54]. On 
the other hand, cooking vegetables often increases the 
bioavailability of iron, zinc and calcium [55]. The loss of 
some vitamins, such as vitamin C and thiamine, increases 
with high temperature, while vitamin K and niacin are 
more resistant to heat [54]. Frying can increase the con-
tent of trans fatty acids in food [56]. Therefore, the effect 
of processing method should be considered when exam-
ining the relationship between diet and health-related 
outcomes. In the present study, we adjusted effect of sev-
eral processing methods, including frying, canning and 
using barbecue.

This study had several strengths. Our study was the 
first to examine the relationship between major dietary 
patterns and risk of glioma in the Middle East. In addi-
tion, to achieve an independent association, several con-
founders were controlled for in our study. Moreover, 
we recruited newly diagnosed glioma patients, there-
fore, change in dietary habits of participants was less 
likely. However, some limitations need to be taken into 
account. The case–control design of the study with its 
adherent errors of recall and selection bias is a limitation, 
then, one cannot confer causality. Due to the case–con-
trol nature of the study and the fact that the controls are 
hospital-based, our study findings cannot be easily gen-
eralized to the community. However, participants in the 
present study were selected from the main hospitals to 
which all glioma patients in the country were referred 
to. Thus, participants had different eating habits and 
socioeconomic status. Among other limitations of this 
study, it can be mentioned that the data collection of 
the present study was done in the past. Due to the pos-
sibility of change in the dietary pattern of societies so the 
results should be interpreted with caution. Although, we 
recruited new cases of glioma, dietary assessment was 
performed after diagnosis of cancer. Therefore, cases 
may recall their past diet differently. Complications of the 
disease may also have affected the patient’s diet prior to 
diagnosis. Another limitation, as with all epidemiological 
studies, was the use of FFQ, in which misclassification of 
participants is unavoidable. Although several confound-
ers were controlled for, one cannot exclude the possibil-
ity of residual confounding. In present study information 
regarding the income level of participants has not been 
collected, and this is one of the limitations of our study. 

Because the dietary intake of the Middle-Eastern popu-
lation differs from Western population, generalizability 
of our findings to other community must be done with 
caution.

In conclusion, we found a protective association 
between vegetarian dietary pattern and also high pro-
tein dietary pattern and risk of glioma. On the other 
hand, a positive association was observed between west-
ern dietary pattern and odds of glioma. Further studies, 
especially of a prospective design, are needed to confirm 
these findings.
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