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ABSTRACT
Objective: Grain consumption has been associated with brain carcinogenesis in earlier studies,
however, no data are available examining the association between refined grains consumption
and risk of glioma. The current study was done to investigate the association between refined
grains consumption and risk of glioma in Iranian adults.
Methods: This hospital-based case-control study was performed on 128 pathologically confirmed
cases with glioma and 256 age- and sex-matched controls in Tehran, Iran. Dietary intakes of
participants including refined grains consumption were collected using a validated Block-format
123-item detailed food frequency questionnaire (FFQ). Refined grains were considered as the
sum of white breads, pasta, rice, boiled and fried potato, sweets, and cookies.
Results: A significant positive association was found between refined grains consumption and
glioma (OR: 3.51, 95% CI: 1.97–6.26, Ptrend <0.001). This association did not change after
adjustment for energy intake (OR: 4.30, 95% CI: 2.27–8.15, Ptrend <0.001). After controlling for
potential confounders, those in the top tertile of refined grains consumption were significantly
more likely to have glioma than those in the bottom tertile (OR: 2.92, 95% CI: 1.38–6.17, Ptrend =
0.007). This significant association remained unchanged, even after further adjustment for other
dietary variables (OR: 2.54, 95% CI: 1.15–5.63, Ptrend = 0.02) and BMI (OR: 2.49, 95% CI: 1.12–5.53,
Ptrend = 0.03).
Conclusion: We found a significant positive association between refined grains consumption and
odds of glioma. Further prospective cohort studies are needed to confirm these findings.
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Introduction

Glioma is a general term that is used for all malignancies
rooting in neuroglial cells of central nervous system [1].
Gliomas account for up to 70% of all tumors in the brain
[2]. The universal incidence rate of glioma is 3.7 and 2.6
per 100,000 in males and females, respectively [3]. In
Iran, a recent national report has demonstrated a mor-
tality rate of 2.92 per 100,000 in males and 2.46 per
100,000 in females [4]. It is worth mentioning that
glioma is considered as cancer with poorest survival
rate among diverse types of cancers so that 5-year survi-
val rate is just 0.05–4.4% after diagnosis [5]. As a result,
recognition of contributing factors in the occurrence and
development of this type of cancer is vital.

In the etiology of impaired proliferation of glial cells,
diverse environmental, occupational, dietary and genetic
factors seem to have a pivotal role [6,7]. Dietary intakes

are the most important contributing factors to cancers,
including glioma [8]. With respect to diet and glioma
risk, global investigations have shown that fish intake,
antioxidants intake, consumption of fruits and veg-
etables as well as use of vitamin supplements are protec-
tive agents against brain tumors [9–13], while total
energy intake [14], protein intake [12] and intake of
nitrate [10] or nitrite [15] have been identified as risk
factors in the incidence of glioma. By far, most studies
that have assessed the link between dietary components
and glioma, have largely paid attention to specific foods
and food groups. However, unlike whole grains, refined
grains have received limited attention. Refined grains
refer to grain products consisting of grains or flours
that have been considerably altered from their normal
composition [16]. Several studies found a positive corre-
lation between consumption of refined grains and risk of
several cancers including cancers of the upper digestive
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and respiratory tract [17,18], stomach [19], colorectal
[20–23], breast [24] and endometrium [18].

Refined grains digest quickly and have high glycemic
index. This means that they increase fasting blood sugar
and insulin after meals [25]. Through their effects on
hyperinsulinemia, refined grains intake results in high
circulating insulin-like growth factor-I (IGF-I), which
in turn acts as a proliferative, cell differentiate, and
anti-apoptotic agent [26,27].

To the best of our knowledge, no study has reported
the association between refined grains consumption
and risk of glioma. Investigating the association of
refined grains consumption with risk of glioma is
especially relevant for the Middle-Eastern countries,
where more than 60% of total energy intake is taken
from carbohydrates, most of them are refined grains
[28]. Given the lack of evidence in this area, the present
study aimed to assess the association between refined
grains consumption and risk of glioma in Iranian adults.

Materials and methods

Study population

The recruitment of case and control subjects for this
case–control study was done between November 2009
and September 2011, in Tehran, Iran. By using the con-
venience-sampling method, both cases and controls were
elected. The hospitals affiliated to Shahid Beheshti Uni-
versity of Medical Sciences were the origin of sampling.
Considering 5% type I error and 80% of study power,
we needed 115 cases and 230 controls for the current
study. To reduce errors, we recruited 128 cases and
256 age- and sex-matched controls in the study. Cases
were pathologically confirmed (ICD-O-2, morphology
codes 9380-9481) glioma patients referring to the Neuro-
surgery department. Controls were individuals attending
to other wards (orthopedic and surgical department) of
the same hospital. The age of both cases and controls
were between 20 and 75-years-old. The exclusion criteria
of our study were having a history of pathologically
confirmed cancers or a history of chemotherapy or
radiotherapy. All Participants gave written informed
consent. Ethical approval of the study was taken from
the Medical Ethics Committee of the Tehran University
of Medical Sciences, Tehran. Iran.

Dietary intake assessment

We assessed each participants’ usual dietary intakes
using a Block-format-validated 123-item semi-quantitat-
ive FFQ [29]. Administration of all FFQs was done by
trained interviewers through the face-to-face method.

Study participants were asked to report their individual
average intake of different dietary items on a daily,
weekly or monthly basis during the last year. Daily
energy and nutrients intakes were estimated using Nutri-
tionist IV software based on the Iranian foods-modified
US Department of Agriculture food composition data-
base [30]. Results from a validation study [29] demon-
strated that this questionnaire obtains reasonable
estimates of dietary intakes in the long run due to show-
ing proper correlation with 24-h dietary recalls (two 24-h
recalls per month) as a gold standard. Estimated corre-
lation coefficients for the reliability between the dietary
intakes from the FFQ and those from the several 24-h
recalls for b-carotene, vitamin E and vitamin C were
0.84, 0.78 and 0.83, respectively [29].

Refined grains were considered as the sum of white
breads (eg, Iranian bread Lavash, Taftoon, and Baguette),
pasta, rice, boiled and fried potato, sweets and cookies.

Assessment of glioma

Diagnosis of glioma was done based on pathological
findings according to ICD-O-2 morphology codes
9380-9481[31]. Individuals with a maximally one
month of diagnosis were recruited in this study to
avoid changes in dietary intakes.

Assessment of other variables

All participants were asked to report their information
on sociodemographic characteristics (age, the status of
marriage, gender, place of residence, job status and edu-
cation), family history of cancer and glioma, history of
head trauma, history of allergy and hypertension in the
first degree relatives, exposure to chemicals over the
past 10 years, methods of cooking, drug use, hair dye
use, duration of cell phone use and history of exposure
to the radiographic X-ray; using a pre-examined ques-
tionnaire. To assess physical activity of participants,
International Physical Activity Questionnaire (IPAQ)
was applied. Fulfillment of IPAQ was done through
face-to-face interviews by a trained interviewer. IPAQ
findings were expressed as Metabolic Equivalents per
week (METs/week). Standard methods were applied by
a trained dietitian to quantify anthropometric measure-
ments including weight and height. By dividing weight
(kg) to height squared (m2), Body Mass Index (BMI)
was calculated. Given that farmers, who either did not
clean themselves instantly or did not replace clothes
after dealing with pesticides showed a three-fold
increased risk of brain tumors [32], we considered farm-
ing as a risk factor for glioma. High-risk living areas were
defined as those living near electromagnetic fields, cell
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phone and broadcast antennas during the last 10 years
[33]. Several methods of cooking, including frying, use
of barbecue and microwave was also considered as risk
factors. Consumption of canned foods was regarded as
a risk factor, in case of using at least twice a week.

Statistical analysis

Participants were categorized according to tertiles of
refined grains consumption. General characteristics
between cases and controls were compared using inde-
pendent samples’ t-test for continuous variables and
Chi-square for categorical variables. Such comparisons
across tertiles of refined grains consumption were done
by means of one-way ANOVA and Chi-square, where
appropriate. We used ANCOVA to assess dietary intakes
between cases and controls as well as across tertiles of
refined grains consumption. These analyses were con-
trolled for age, gender, and total energy intake. To evalu-
ate the association of refined grains consumption with
glioma, binary logistic regression was applied in different
models. First, we controlled for energy intake (kcal/d). In
the second model, further adjustments were made for
family history of glioma (yes/no), marital status (mar-
ried/single/divorced), high-risk occupation (farmer/
non-farmer), high-risk residential area (yes/no), sup-
plement use (yes/no), history of exposure to the radio-
graphic X-ray (yes/no), smoking (smoker/non-smoker),
exposure to chemicals (yes/no), drug use (yes/no), per-
sonal hair dye use (yes/no), frequent fried food intake
(yes/no), canned foods and microwave (yes/no). We
also conducted further controlling for adherence to
DASH diet (categorical) and tea and coffee consumption
(categorical), based on our earlier findings in these par-
ticipants [34,35]. Construction of DASH diet score in
this study population has been given elsewhere [34].
Finally, adjustments for BMI were performed in the
last model. All confounders were selected according to
previous studies [32,33,36]. In these analyses, the first
tertile of refined grains consumption was considered as
the reference category. We considered these tertiles as
ordinal variable when trying to obtain the overall trend
of odds ratios across tertiles. All statistical analyses
were performed using SPSS (version 19.0; SPSS Inc, Chi-
cago IL). P-values were considered as significant when
they were less than 0.05.

Results

General characteristics and dietary intakes of study par-
ticipants separately by cases and controls are outlined in
Table 1. Compared with individuals in the control group,
cases were more likely to have family history of glioma,

Table 1. General characteristics and dietary intakes of study
participants separately by cases and controls.

Groups

Controls
(n=256)

Cases
(n=128) P*

Age (years) 42.7 ± 13 43.4 ± 14 0.65
BMI (kg/m2) 26.1 ± 3.8 26.2 ± 4.3 0.76
Males (%) 58.2 58.6 0.94
Married (%) 80.1 78.9 0.66
University graduated (%) 16.8 11.7 0.004
High-risk jobsa (%) 2.7 10.2 0.002
High-risk residential areab (%) 21.5 30.5 0.05
Duration of cell phone use (years) 3.7 ± 2.5 2.8 ± 2.9 0.003
History of exposure to the
radiographic X-ray (%)

7.4 15.6 0.01

History of dental photography (%) 59 46.1 0.02
History of head trauma (%) 28.9 43.8 0.004
History of allergy (%) 29.3 25 0.37
History of hypertension (%) 5.1 2.3 0.21
Current smoker (%) 25 15.6 0.04
Frequent fried food intakec (%) 78.1 90.6 0.002
Frequent use of barbecued (%) 12.1 15.6 0.34
Frequent microwave use (%) 19.1 7.8 0.004
Frequent canned foods intake (%) 5.9 6.3 0.88
Drug use (%) 5.1 7.8 0.29
Personal hair dye use (%) 41 21.9 <0.001
Exposure to chemicals (%) 10.5 19.5 0.01
Family history of glioma (%) 5.5 19.5 <0.001
Family history of cancer (%) 34 32.8 0.82
Supplement use (%) 15.6 7.8 0.03
Physical activity (METs) 33.8 ± 5.5 34.8 ± 6.3 0.12
Energy (kcal/day) 2560 ± 39 2584 ± 55 0.72
Nutrient intakes
Protein (g/day) 97 ± 0.9 98 ± 1.3 0.76
Fat (g/day) 66 ± 0.9 62 ± 1.3 0.003
Carbohydrate (g/day) 417 ± 2.3 423 ± 3.3 0.02
Dietary fiber (g/day) 23 ± 0.8 23 ± 1.1 0.83
Cholesterol (mg/day) 235 ± 6.7 250 ± 9.5 0.2
SFA (g/day) 20 ± 0.4 19 ± 0.6 0.02
Vitamin B1 (mg/day) 2.4 ± 0.06 2.5 ± 0.08 0.39
Vitamin B2 (mg/day) 2.6 ± 0.06 2.5 ± 0.08 0.22
Vitamin B3 (mg/day) 30.1 ± 0.3 30.8 ± 0.5 0.18
Vitamin B5 (mg/day) 4.7 ± 0.06 4.6 ± 0.09 0.58
Vitamin B6 (mg/day) 2 ± 0.03 1.8 ± 0.04 0.04
Folate (µg/day) 382 ± 15 349 ± 22 0.23
Vitamin B12 (µg/day) 6 ± 0.6 9.7 ± 0.9 0.001
Food groups
Refined grains (g/day) 424 ± 9 503 ± 13 <0.001
Whole grains (g/day) 150 ± 6 175 ± 9 0.04
Red and processed meats (g/day) 36 ± 1.2 41 ± 1.7 0.01
Vegetables(g/day) 274 ± 8 257 ± 7 0.04
Fruits (g/day) 361 ± 6 324 ± 9 0.001
Fish (g/day) 9.1 ± 0.6 9.2 ± 0.8 0.92
Dairy products (g/day) 355 ± 7 308 ± 10 <0.001
Nuts and legumes (g/day) 46 ± 1.2 40 ± 1.7 0.008
Sugar-sweetened beverage (g/
day)

83 ± 4 79 ± 6 0.54

Note: Data are presented as mean ± standard deviations (SDs) or percentages
for general characteristics. Data for dietary intakes are as mean ± standard
errors (SEs).

a Farmers were considered as having a high-risk occupation.
b Persons who lived in places nearby electromagnetic fields and cell phone
and broadcast antennas in the last 10 years were considered as living in
high-risk areas.

c Persons who consumed fried food at least twice per week were considered
as frequent fried food users.

d Persons who used barbecue, microwave and canned foods at least twice per
week were considered as frequent users.

* Obtained from ANOVA or Chi-square test. P-value for dietary intakes were
adjusted for age, sex and energy using ANCOVA.
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history of exposure to chemicals, high-risk jobs, history
of head trauma, history of exposure to the radiographic
X-ray and be frequent fried food consumer, and to live
in the high-risk areas. They were less likely to have an
academic education, history of dental photography, be
current smokers, frequent microwave user and to use
personal hair color, and take supplements. The mean
duration of cell phone use was shorter among cases

than controls. Compared with controls, patients with
glioma had a higher consumption of carbohydrates,
refined and whole grains, red and processed meats,
vitamin B12 and lower intakes of total fats, SFA, Vita-
min B6, vegetables, fruits, dairy products, nuts and
legumes.

General characteristics and dietary intakes of study
participants across tertiles of refined grains consumption

Table 2. General characteristics and dietary intakes of study participants across tertiles of refined grains consumption.
Tertiles of refined grains consumption

T1
n=128

T2
n=128

T3
n=128 P*

Age (years) 46 ± 14 44.7 ± 13 38.2 ± 12 <0.001
BMI (kg/m2) 25.6 ± 4 26.2 ± 4 26.6 ± 4 0.12
Males (%) 34.4 60.9 79.7 <0.001
Married (%) 81 75 82 0.12
University graduated (%) 21.1 12.6 11.7 0.03
High-risk jobsa (%) 4.7 5.5 5.5 0.94
High-risk residential areab (%) 17.2 19.5 36.7 <0.001
Duration of cell phone use (years) 3.1±2.7 3.3±2.8 3.8±2.6 0.12
History of exposure to the radiographic X-ray (%) 7 11.7 11.7 0.35
History of dental photography (%) 64.8 50.8 48.4 0.01
History of head trauma (%) 37.5 30.5 33.6 0.71
History of allergy (%) 36.7 23.4 23.4 0.02
History of hypertension (%) 4.7 6.3 1.6 0.16
Current smoker (%) 16.4 26.6 22.7 0.14
Frequent fried food intakec (%) 75 85.9 85.9 0.03
Frequent use of barbecued (%) 6.3 9.4 24.2 <0.001
Frequent microwave use (%) 14.8 14.1 17.2 0.77
Frequent canned foods intake (%) 7.8 3.1 7 0.24
Drug use (%) 7 0 11 0.001
Personal hair dye use (%) 54.7 25.8 23.4 <0.001
Exposure to chemicals (%) 11.7 10.9 18 0.19
Family history of glioma (%) 6.2 11.7 12.5 0.05
Family history of cancer (%) 30.5 32.8 37.5 0.18
Supplement use (%) 18.8 14.8 5.5 0.005
Physical activity (METs) 33.8 ± 5.5 34.7 ± 6.3 34.1 ± 5.8 0.12
Energy (kcal/day) 2322 ± 55 2519 ± 56 2861 ± 55 <0.001
Nutrient intakes
Protein (g/day) 98 ± 1.4 96 ± 1.3 98 ± 1.4 0.50
Fat (g/day) 69 ± 1.3 65 ± 1.2 59 ± 1.3 <0.001
Carbohydrate (g/day) 408 ± 3.5 415 ± 3.3 425 ± 3.6 0.007
Dietary fiber (g/day) 20 ± 1.2 21 ± 1.1 27 ± 1.2 0.001
Cholesterol (mg/day) 248 ± 10 238 ± 9 234 ± 10 0.64
SFA (g/day) 22 ± 0.6 21 ± 0.5 17 ± 0.6 <0.001
Vitamin B1 (mg/day) 2.3 ± 0.09 2.3 ± 0.08 2.6 ± 0.09 0.006
Vitamin B2 (mg/day) 2.6 ± 0.09 2.5 ± 0.08 2.6 ± 0.09 0.51
Vitamin B3 (mg/day) 29 ± 0.5 29 ± 0.4 32 ± 0.5 <0.001
Vitamin B5 (mg/day) 4.5 ± 0.09 4.5 ± 0.09 5 ± 0.09 <0.001
Vitamin B6 (mg/day) 2 ± 0.05 1.8 ± 0.05 1.9 ± 0.05 0.15
Folate (µg/day) 394 ± 24 344 ± 22 373 ± 23 0.28
Vitamin B12 (µg/day) 6 ± 0.9 7 ± 0.8 8 ± 0.9 0.40
Food groups
Refined grains (g/day) 278 ± 8 433 ± 7 641 ± 8 <0.001
Whole grains (g/day) 219 ± 10 146 ± 9 110 ± 10 <0.001
Red and processed meats (g/day) 38 ± 1.8 39 ± 1.7 36 ± 1.9 0.56
Vegetables(g/day) 288 ± 7 257 ± 7 260 ± 7 0.006
Fruits (g/day) 349 ± 10 342 ± 9 354 ± 10 0.68
Fish (g/day) 10 ± 0.9 9 ± 0.9 9 ± 0.9 0.72
Dairy products (g/day) 366 ± 11 348 ± 10 303 ± 11 0.001
Nuts and legumes (g/day) 46 ± 1.8 43 ± 1.7 43 ± 1.8 0.34
Sugar-sweetened beverage (g/day) 89 ± 6 87 ± 6 69 ± 6 0.06

Note: Data are presented as mean ± standard deviations (SDs) or percentages for general characteristics. Data for dietary intakes are mean ± standard errors (SEs).
a Farmers were considered as having a high-risk occupation.
b Persons who lived in places nearby electromagnetic fields and cell phone and broadcast antennas in the last 10 years were considered as living in high-risk areas
c Persons who consumed fried food at least twice per week were considered as frequent fried food users
dPersons who used barbecue, microwave and canned foods at least twice per week were considered as frequent users
* Obtained from ANOVA or Chi-square test. P-value for dietary intakes were adjusted for age, sex and energy using ANCOVA.
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are shown in Table 2. Comparing across tertiles of
refined grain consumption, we found that those with
the highest intake were more likely to be male, younger
and to live in high-risk residential area than those with
the lowest intake. In addition, fried food consumption,
barbecue use, drug use and family history of glioma
were more common among them than those in the low-
est tertile. High intake of refined grains was associated
with a low probability of university graduation and low
prevalence of history of dental photography, history of
allergy, personal hair color, and taking supplements.
Also, High intake of refined grains was associated with
greater intakes of energy, carbohydrate, dietary fiber,
vitamin B1, B3 and B5, and lower intakes of total fats,
SFA, whole grains, vegetables, dairy, and sugar-swee-
tened beverage.

Multivariable-adjusted ORs and 95% CIs for glioma
across tertiles of refined grains consumption are shown
in Table 3. A significant positive association was
observed between refined grains consumption and
glioma (OR: 3.51, 95% CI: 1.97–6.26, Ptrend < 0.001).
This association remained significant after adjustment
for energy intake (OR: 4.30, 95% CI: 2.27–8.15, Ptrend
< 0.001). Further controlling for other potential con-
founders did not alter the association; such that subjects
in the highest tertile of refined grains consumption were
2.92 times more likely to have glioma than those in the
lowest tertile (OR: 2.92, 95% CI: 1.38–6.17, Ptrend =
0.007). Even taking dietary intakes into account did
not influence the association (OR: 2.54, 95% CI: 1.15–
5.63, Ptrend = 0.02). After additional adjustment for
BMI, we also found a positive significant association
between refined grains consumption and glioma (OR:
2.49, 95% CI: 1.12–5.53, Ptrend = 0.03).

Discussion

To the best of our knowledge, this is the first study that
examined the association of refined grains consumption,
as the main exposure variable, with the risk of glioma in a
sample of Iranian adults. We found that higher con-
sumption of refined grains was directly associated with
odds of glioma. This positive relation persisted even
after adjusting for potential confounders including
energy intake, several environmental risk factors, dietary
intakes, and BMI.

Glioma is the most common type of tumor in the cen-
tral nervous system, which is derived from glial cells [37].
Although comparatively rare, it causes considerable
mortality and morbidity [38]. It has been shown that pat-
terns of diet or specified dietary components are the
major parts in the prevention and management of can-
cers including glioma [39,40]. For instance, previous
observational studies have shown a direct association
between processed meat intake and fried foods with
glioma [41,42]. Conversely, higher intakes of several
dietary components including vegetables, fruits, fish
and poultry are associated with a lower risk [34,43].
Grains, which supply most of the energy in the diet,
are the main staple foodstuffs in the majority parts of
the world [44]. In developing nations, these foods may
provide about 60-80% of the total daily energy intake,
most of which are based on refined grains [45]. Although
extensive research assessed the contribution of dietary
factors to this cancer [46,47], no publication is currently
available that investigated the association between
refined grains consumption and glioma risk. Terry
et al. in an international case–control study, carried out
on 1548 cases and 2486 control in 6 countries, showed
that higher grains consumption was associated with a
40% increased risk of glioma (OR = 1.4; 95% CI, 1.1–
1.8). In this study, grains intake was not evaluated separ-
ately and the total consumption of grains was evaluated.
Also, in another case–control study performed on 94
women with intracranial gliomas and 94 individually
matched controls, higher consumption of potato and
grains was linked to a higher risk of developing glioma
[9]. Although records on the association of refined grains
with glioma are scarce, other dietary measures, including
dietary glycemic index (GI), have been studied in
relation to brain tumors in earlier publications [48]. Fur-
thermore, several investigations also showed a positive
association between refined grains and high-GI foods
with other types of cancers [49–51]. However, several
studies did not find a significant association between
refined grains consumption and risk of cancers [52–
54]. Conflicting findings of these studies may be
explained by different study designs, different sample

Table 3. Odds ratios (ORs) and 95% confidence intervals (95%
CIs) of glioma according to tertiles of refined grains consumption

Tertiles of refined grains consumption

T1 T2 T3 Ptrend*

Crude 1.00 3.29 (1.84-5.88) 3.51 (1.97-6.26) <0.001
Model 1 1.00 3.56 (1.97-6.43) 4.30 (2.27-8.15) <0.001
Model 2 1.00 3.39 (1.71-6.71) 2.92 (1.38-6.17) 0.007
Model 3 1.00 3.53 (1.73-7.19) 2.54 (1.15-5.63) 0.02
Model 4 1.00 3.46 (1.69-7.05) 2.49 (1.12-5.53) 0.03

*Binary logistic regression was used to obtain OR and 95% CI. The overall
trend of OR across increasing tertiles was examined by considering the
median score in each category as a continuous variable.

Model 1: adjusted for energy intake.
Model 2: additionally, adjusted for family history of glioma, marital status,
high-risk occupation, high-risk residential area, supplement use, history of
exposure to the radiographic X-ray, smoking status, exposure to chemicals,
drug use, personal hair dye, frequent fried food intake, canned foods and
microwave.

Model 3: further controlling was made for DASH diet (categorical) and tea and
coffee consumption (categorical).

Model 4: Additional adjustment was done for BMI.
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sizes, different types of cancers and different dietary
assessment tools.

There are several possible biological mechanisms
whereby refined grains consumption might increase
the risk of glioma. Refined grains are digested quickly
than whole grains, and have a high glycemic index.
This means that they lead to increased plasma insulin
concentrations and insulin-like growth factor I (IGF-1)
levels [55]. The IGF-1 signaling system is an important
controller of growth, energy metabolism, and a key mito-
genic stimulus for tumor cell growth which stimulates
cancer progress by preventing apoptosis and stimulating
cell proliferation [56]. Long-term consumption of
refined grains or high-GI foods leads to an increased
risk of inflammation, cardiovascular disease, obesity, oxi-
dative stress, and diminished antioxidant defense mech-
anisms [57–59]; these disorders are identified as risk
factors for glioma [60,61]. Furthermore, another expla-
nation is that a high intake of highly refined carbo-
hydrates reduces the consumption of low-GI
carbohydrate foods and, thus decreases the consumption
of polyphenols and other antioxidants that may protect
against cancer [62]. However, it was interesting for us
to see that individuals in the highest tertile of refined
grains consumption had also higher intakes of fiber.
The difference in dietary fiber intake between those in
the highest and lowest tertiles was 7 g/d. This is particu-
larly interesting when we found that there was not a sig-
nificant difference between these two tertiles in terms of
other dietary sources of fiber. It seems that grains are the
main source of dietary fiber in these individuals [63]. It
must be kept in mind that refined grains consumption
among those in the highest tertile was almost three
times higher than those in the lowest tertile. Considering
that even refined grains contain a small amount of fiber
(for instance white rice contains 1–2 g fiber per 100 g
weight [64]), such a 7 g/d difference in dietary fiber
intake between individuals in the highest and lowest ter-
tiles can be explained.

The current study has several strengths. This was
the first document that examined the association
between refined grains consumption and glioma. To
reach an independent association, we adjusted for a
wide range of confounders that may affect the overall
findings. Also, subjects who participated in this study
were newly diagnosed cases of glioma who had been
with this malignancy in the past one month. Therefore,
the probability of changing the regular diet has
decreased. It should also be noted that the study
comes from the Middle-East area; where most of
energy intake is taken from carbohydrates, especially
refined grains, and data on diet-disease relationships
is very limited.

This study also has some limitations that should be
taken into account when interpreting the results. First,
due to the case–control design of our study, it increases
the likelihood of bias including selection and recall
bias. Given such a study design in the present study,
we cannot confer causality. Case–control studies are
used to identify the association of diet with rare dis-
eases that have a long incubation period, including
cancers. Although case–control studies are efficient in
terms of time and cost, they are highly susceptible to
both selection and recall biases. Recall bias, in which
glioma patients may recall their past diet differently
because of the diagnosis of cancer, is problematic
because dietary evaluation occurs after diagnosis.
Additionally, cases in this study were chosen from hos-
pital; thus, identifying risk factors may be unique to a
single hospital. Another limitation of the study relates
to use of FFQ for assessing dietary intakes, in which
misclassification of participants is unavoidable.
Although the effect of a wide range of confounders
was controlled, the residual confounding cannot be
ignored. Furthermore, as the dietary intakes of the
Middle-Eastern population differ from Western
countries, the generalizability of our findings to other
populations must be done with caution.

In conclusion, we found that high consumption of
refined grains was significantly associated with odds of
glioma among adults. However, further studies, in par-
ticular, prospective cohort studies are necessary to
confirm these findings.
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