
A case–control study on dietary quality indices and glioma

Omid Sadeghi1,2, Mehdi Shayanfar3†, Minoo Mohammad-Shirazi3, Giuve Sharifi4 and
Ahmad Esmaillzadeh5,6,7*
1Students’ Scientific Research Center, Tehran University of Medical Sciences, Tehran, Iran
2Department of Community Nutrition, School of Nutritional Sciences and Dietetics, Tehran University of Medical Sciences,
Tehran, Iran
3Department of Clinical Nutrition and Dietetics, National Nutrition and Food Technology Research Institute, Shahid Beheshti
University of Medical Sciences, Tehran, Iran
4Department of Neurosurgery, Loghman Hakim Hospital, Shahid Beheshti University of Medical Sciences, Tehran, Iran
5Obesity and Eating Habits Research Center, Endocrinology and Metabolism Molecular-Cellular Sciences Institute, Tehran
University of Medical Sciences, Tehran, Iran
6Department of Community Nutrition, School of Nutritional Sciences and Dietetics, Tehran University of Medical Sciences,
Tehran, Iran
7Food Security Research Center, Department of Community Nutrition, Isfahan University of Medical Sciences, Isfahan, Iran

(Submitted 1 December 2018 – Final revision received 21 March 2019 – Accepted 2 April 2019 – First published online 24 June 2019)

Abstract
No study is available that has assessed the association of dietary diversity score (DDS) and alternative healthy eating index (AHEI) with glioma.
The present study aimed to assess this association in Iranian adults. Overall, 128 pathologically confirmed cases of glioma were enrolled from
hospitals and 256 age- and sex-matched controls were recruited from other wards of the hospital between 2009 and 2011. Dietary assessment
was done using a validated block-format 123-item semi-quantitative FFQ. Dietary indices including DDS and AHEI-2010 were constructed
according to standard methods. After controlling for potential confounders, a significant inverse association was found between DDS and risk
of glioma (OR 0·42, 95 % CI 0·19, 0·94). Such finding was also seen when further adjustment was made for BMI; such that participants in the
highest quartile of DDSwere 56 % less likely to have glioma comparedwith those in the lowest quartile (OR 0·44, 95 %CI, 0·20, 0·97). In addition,
a significant inverse association was found between adherence to AHEI and glioma; such that in the fully adjusted model, participants in the
fourth quartile of AHEI had 74 % lower risk of glioma compared with those in the first quartile (OR 0·26, 95 % CI 0·12, 0·56). In conclusion, we
found that greater adherence to the healthy, as measured by AHEI, and diverse, as measured by DDS, diets was associated with decreased odds
of glioma.
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Gliomas are the most common primary brain tumour that occurs
most frequently in adults and are associated with a high mortality
rate(1,2). It accounts for 81% of brain tumours among adults(1).
Although the prevalence of glioma is low around the world, its
morbidity andmortality are high(3). National estimates in Iran have
shownamortality rate of 2·92/100 000 inmen and2·46per 100 000
inwomen(4). Therefore, it is required to find contributing factors in
the occurrence and development of glioma.

Dietary intakes are greatly contributing to cancers, including
glioma(5). Earlier studies have shown that dietary intake of redmeat,
salt andalcohol is associatedwith greater risk of glioma,while intake

of fruits, nuts, legumes, vitaminA and antioxidants is associatedwith
decreased odds of brain tumour(5–11). Along with the assessment of
link between foods and nutrients with several diseases, assessment
of the associationwith thewhole dietary patterns is suggested. Only
one case–control study considered dietary patterns in relation to
gliomaand showed interesting findings(12). Basedon this study, high
adherence to Dietary Approaches to Stop Hypertension (DASH)-
style diet was associated with decreased risk of glioma(12).
However, other types of dietary pattern or diet quality indices
including alternative healthy eating index (AHEI), dietary diversity
score (DDS), mean adequacy ratio of nutrients, and dietary energy
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density havenot assessed in relation togliomauntil now.These indi-
ces consider the whole diet rather than its individual components.
DDSalongwithAHEIhavebeen shownas ameasureof healthydiet
rich in fruits, vegetables and photochemicals(13–15). Although differ-
entmeasures of diet have been linkedwith cancers, no study exam-
ined these indicators in relation to glioma.

Assessing the association between priori defined dietary pat-
terns and glioma is particularly relevant for Middle Eastern coun-
tries, because the dietary diversity is low in this region due to low
socio-economic status(16). In addition, besides diet other envi-
ronmental factors are contributing to this condition in the region.
Therefore, finding the association of dietary indices such as DDS
and AHEI with glioma might present interesting results. The
present study aimed to assess these associations among
Iranian adults.

Methods

Sample

This hospital-based case–control study was carried out on 128
newly diagnosed patients (maximum 1 month elapsed since the
detection) and256 controlswithout glioma inTehran, Iran, between
2009 and 2011. Cases were individuals with pathologically con-
firmed glioma (International Classification of Diseases for
Oncology second edition (ICD-O-2) morphology codes 938–
9481) during the previous month that had been referred to the
Neurosurgery department of the hospitals. Controls were appa-
rently healthy individuals who were relatives of patients or those
who attended to the outpatients’ clinics of the hospital. As we did
not examine them in terms of health conditions, they could not
be called as absolutely healthy individuals.

Procedure

Patients with glioma and controls were selected by using conven-
ience-sampling method from the hospitals affiliated to Shahid
Beheshti University of Medical Sciences. Cases and controls were
matched in terms of age (±5 years) and sex. Individuals with a his-
tory of any type of pathologically confirmed cancer (except
glioma), chemotherapy and radiotherapy (due to cancer) were
not included in this study. After selection of cases and controls, data
on demographic variables, dietary intakes, physical activity and
anthropometric measures were collected. Missing information
about any variable were completed through contacting subjects.
However, in terms of dietary data, we considered unanswered
items as null. All cases and controls providedwritten informed con-
sent. The study was ethically approved by the Medical Ethics
Committee of the Tehran University of Medical Sciences,
Tehran, Iran.

Assessment of glioma

Gliomawas diagnosed based on pathological test by using ICD-O-
2morphology codes 9380–9481(17).Only patientswith amaximally
1 month of the confirmation of glioma were included in the study.

Variables

Dietary assessment

Usual dietary intakes of participants during a year before the
diagnosis of glioma in cases and during a year before the

interview in controls were examined by a validated Block-format
123-item semi-quantitative FFQ(16). The FFQ was consisted of
123 food items with standard portion sizes commonly consumed
by Iranian people. Trained interviewers administered the FFQ
through face-to-face interviews in the presence of individuals
who were involved in the preparation and cooking of foods.
All reported consumption frequencies were converted to g/d
using householdmeasures. Daily intakes of energy and nutrients
were computed for each person by using the modified US
Department of Agriculture (USDA) food consumption database
which was modified for Iranian foods.

Validation study of this FFQ revealed good correlations
between dietary intakes assessed by FFQ and those obtained
from 24 dietary recalls (two 24-h recalls per month). The reliabil-
ity of the FFQ was assessed by comparing nutrient intakes
obtained from two questionnaires that filled 1 year apart. The
correlation coefficients for the reliability of the FFQ for dietary
vitamin E, β-carotene and vitamin C were 0·78, 0·84 and
0·83(18). The energy-adjusted correlation coefficients between
the dietary intakes obtained from the FFQ and those from the
multiple 24-h dietary recalls were 0·65, 0·68 and 0·65 for vitamin
E, β-carotene and vitamin C(16). Overall these data indicated that
the FFQ provides reasonably validmeasures of the average long-
time dietary intakes.

Dietary diversity score

A method described by Kant et al. was used for scoring dietary
diversity(19,20). This method was based on five groups including
grains, vegetables, fruits, meats and dairy products, all food
groups in the USDA food guide pyramid. The grains group
was composed of five components: refined bread, macaroni,
whole grain bread, corn flakes and rice. However, in the method
of Kant et al., there are seven components in the grains group. As
we had no data about intake of biscuits and refined flour, we
decided to consider five components. Fruit was defined by sum-
ming up fruit and fruit juice, berries and citrus fruits. The story
about vegetables was summing up of mixed vegetables, potato,
tomato, other starchy vegetables, legumes, yellow vegetables
and green vegetables. The group of meat was composed of
red meat, poultry, fish and eggs) and the group of dairy products
was composed of milk, yoghurt and cheese.

Participants were considered as a ‘consumer’, and scored as
1, for each components of food groups if they had intakes
higher than median levels; otherwise they were given the score
of 0. Then the scores for components in each food group were
summed up to have total score of that food group. Then, we
divided total scores obtained in each group to the number of
components in that group. This value was then multiplied by
2. Total DDS for each participant was then computed by
summing up the figures for food groups. For example, in the
grains group, if a person had dietary intakes of whole grain
bread, macaroni and rice higher than the median values, his
or her score was calculated as (3/5)×2=1·2. Therefore, the
diversity score for the grains group would be 1·2 for that
person. After computing the diversity score for the other four
groups in that person, total DDS would be computed.
Therefore, minimum and maximum scores of total dietary
diversity for each participant were between 0 and 10.
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Alternative healthy eating index

We calculated AHEI-2010 using information obtained from FFQ.
The AHEI incorporates several aspects of the original HEI
designed by Kennedy et al.(21–23). This method considered
eleven components including fruit, vegetables, whole grains,
nuts and legumes, long-chain n-3 fats (DHA and EPA), PUFA,
wine consumption, sugar-sweetened drinks and fruit juice, red
and processedmeats, trans-fat andNa intake. Due to lack of data
on wine consumption and trans-fat in our database, we consid-
ered nine components to compute AHEI in the present study.
Individuals in the highest decile of whole grains, vegetables,
fruits, nuts and legumes, PUFA and long-chain n-3 fats were
given the score of 10 and those in the lowest decile received
the score of 1. Individuals in other deciles received the corre-
sponding scores. In contrast, individuals with the highest intake
of sugar-sweetened drinks and fruit juice, red and processed
meats, and Na were given the score of 1 and those with the low-
est consumption of these components received the score of 10.
Total AHEI score for each participant was then computed by
summing up the scores for these ten components. It was varied
from 9 to 81.

Assessment of other variables

A pretested questionnaire was used to collect data on age, sex,
marital status, place of residence, education, occupation, smok-
ing status, use of supplements, family history of cancers and
glioma, history of allergy and trauma, history of hypertension,
exposure to chemicals in the past 10 years, cooking methods
(barbecue/microwave/canned foods/fried foods), drug use,
personal hair dye use, duration of cell phone use and history
of exposure to radiographic X-rays. International Physical
Activity Questionnaire (IPAQ) was used for measuring physical
activity of participants through face to face interview. All results
of the IPAQ were expressed as metabolic equivalents per week
(MET/week). Body weight was quantified by digital scale to the
nearest 500 g with the subjects wearing the light clothing and no
shoes. Height wasmeasured by a tapemeasure to the nearest 0·5
cm in standing status while the subject’s shoulders were in nor-
mal position. BMI was calculated by dividing weight in kg by
height in m squared. All measurements were completed by a
trained dietitian.

On the basis of previous studies, we considered farmers as
those having a high-risk occupation for glioma(24). Individuals
who lived in places near the electromagnetic fields and cell
phone and broadcast antennas in the last 10 years were defined
as living in high-risk areas(25). Individuals who consumed fried
foods at least twice per week were considered as frequent fried
food users. This definition was also used for barbecue use,
microwave use as well as for consumption of canned foods.

Analysis plan

Cases and controls were compared in terms of general character-
istics and dietary intakes using independent-samples t test and
χ2, where appropriate. After construction of DDS and AHEI, as
mentioned above, we obtained energy-adjusted scores of DDS
and AHEI using residual method(26). Then, participants were

categorised based on quartile cut-off points of DDS and AHEI
that were obtained from the control group. We used one-way
ANOVA and χ2 tests to assess continuous and categorical varia-
bles across quartiles of DDS and AHEI. Binary logistic regression
in different models was applied to evaluate the association of
DDS and AHEI with glioma. First, we included all confounders
into models and then, we retained those variables that had a sig-
nificant contribution to glioma. In the first model, we controlled
for energy intake (continues). Further adjustments were made
for family history of glioma (yes/no), marital status (married/sin-
gle/divorced), high-risk occupation (farmer/non-farmer), high-
risk residential area (yes/no), supplement use (yes/no), history
of exposure to radiographic X-rays (yes/no), history of head
trauma (yes/no), smoking (smoker/non-smoker), drug use
(yes/no), personal hair dye use (yes/no), frequent fried food
intake (yes/no) and frequent use of microwave (yes/no) in
the second model. Additional controlling was performed for
BMI (continues) in the last model. All confounders were chosen
based on earlier publications(27–30). In these analyses, the first
quartile of DDS and AHEI was considered as the reference cat-
egory. To obtain the overall trend of OR across increasing quar-
tiles of DDS and AHEI, we considered these quartiles as an
ordinal variable in the logistic regression models. All statistical
analyses were conducted using SPSS software (version 19.0;
SPSS Inc). P values less than 0·05 was considered as significant
level.

Results

General characteristics and dietary intakes of cases and controls
are presented in Table 1. Cases were more likely to have high-
risk jobs, history of exposure to radiographic X-rays, history of
head trauma, family history of glioma and history of exposure
to chemicals and live in high-risk residential areas than con-
trols. Cases were alsomore likely to be frequent fried food users
and had higher intakes of red meat, Na, and refined and whole
grains than controls. Controls were more likely to be current
smokers, hair dye users, supplement users, microwave users
and have a long duration of cell phone use than cases.
Controls had higher intakes of Ca, PUFA, fruits, dairy products,
salt, legumes and nuts, and higher scores of AHEI compared
with cases.

General characteristics of participants across quartiles of DDS
and AHEI scores are shown in Table 2. Individuals in the top
quartile of DDSwere less likely to be a current smokers and have
a high-risk job compared with those in the bottom quartile. No
other significant difference was found in terms of general char-
acteristics across quartiles of DDS. In addition, compared with
participants in the lowest quartile of AHEI, those in the highest
quartile were more likely to be female, older, married, have a
high-risk job and history of allergy, use hair colour, and less
likely to be a current smoker, frequently exposed to microwave,
use cell phone, frequently use fried foods and barbecue. We
found no other significant difference in terms of general charac-
teristics across quartiles of AHEI.

Dietary intakes of cases and controls across quartiles of DDS
and AHEI scores are presented in Table 3. Those in the top
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quartile of DDS had higher intakes of fruit, vegetables, fish,
legumes and nuts, dairy products, protein, fat, SFA and Ca com-
pared with individuals in the bottom quartile. In addition,
compared with participants in the first quartile of AHEI, those
in the fourth quartile had higher intakes of fruit, vegetables, dairy
products, legumes and nuts, whole grains, fat, protein, PUFA
and Ca and lower intakes of red meat, refined grains, salt,

sugar-sweetened beverages and Na. No other significant differ-
ence was found in terms of dietary intakes across quartiles of
DDS and AHEI scores.

Multivariable-adjusted OR and 95 % CI for glioma across
quartiles of DDS and AHEI are shown in Table 4. After control-
ling for energy intake and other potential confounders, a signifi-
cant inverse association was found between DDS and risk of

Table 1. General characteristics and dietary intakes of cases and controls (n 384)
(Mean values and standard deviations; percentages)

Cases (n 128) Controls (n 256)

Mean SD Mean SD P*

Age (years) 43·4 14·6 42·8 13·3 0·65
Males (%) 58·6 58·2 0·94
Weight (kg) 74·6 13·7 72·1 12·1 0·07
BMI (kg/m2) 26·3 4·3 26·1 3·8 0·76
Married (%) 78·9 80·1 0·66
University graduated (%) 11·7 16·8 0·19
High-risk jobs†(%) 10·2 2·7 0·01
High-risk residential area‡ (%) 30·5 21·5 0·05
Duration of cell phone use (years) 2·8 2·9 3·7 2·6 0·01
History of exposure to radiographic X-rays (%) 15·6 7·4 0·01
History of head trauma (%) 43·8 28·9 0·01
History of allergy (%) 25·0 29·3 0·37
History of hypertension (%) 2·3 5·1 0·21
History of dental photography (%) 46·1 59·0 0·02
Current smoker 15·6 25·0 0·01
Frequent fried food intakes§ (%) 90·6 78·1 0·01
Frequent use of barbecue‖ (%) 15·6 12·1 0·34
Frequent microwave use‖ (%) 7·8 19·1 0·01
Frequent canned foods intake‖ (%) 6·3 5·9 0·88
Drug use (%) 7·8 5·1 0·29
Personal hair dye use (%) 21·9 41·0 <0·001
Exposure to chemicals (%) 19·5 10·5 0·01
Family history of glioma (%) 19·5 5·5 <0·001
Family history of cancer (%) 32·8 34·0 0·82
Supplement use (%) 7·80 15·6 0·03
Physical activity (MET-h/d) 34·8 6·3 33·8 6·3 0·13
Energy (kcal/d)¶ 2580 560 2561 722 0·79
Nutrient intakes
Proteins (g/d) 98·2 21·7 97·1 29·7 0·70
Fats (g/d) 61·8 18·6 66·1 21·6 0·05
SFA (g/d) 19·1 7·2 20·7 9·0 0·09
PUFA (g/d) 12·6 3·7 13·6 5·0 0·02
Long-chain fatty acids (mg/d) 17·5 29·7 16·3 23·4 0·67
Ca (mg/d) 1021 260 1122 321 0·01
Dietary fibre (g/d) 23·4 11·2 23·0 14·2 0·82
Na (mg/d) 4822·8 1506·1 4149·4 1768·4 <0·001
Food groups (g/d)
Refined grains 501·2 174·7 421·0 182·3 <0·001
Whole-grains 176·8 134·0 150·0 108·2 0·04
White meats 30·1 13·6 32·6 22·5 0·24
Red meats 41·4 27·8 36·0 19·8 0·03
Fish 9·2 12·1 9·0 9·1 0·88
Fruits 325·3 99·7 360·8 124·2 0·01
Vegetables 257·8 82·6 274·2 86·2 0·08
Dairy products 309·2 116·7 355·0 131·5 0·01
Legumes and nuts 40·6 22·7 46·0 20·0 0·02
SSB 79·1 67·3 83·5 74·5 0·57
Salt 5·7 2·0 6·3 2·1 0·01
DDS scores 4·8 1·5 5·1 1·9 0·11
AHEI scores 46·5 10·0 50·9 9·2 <0·001

MET, metabolic equivalents; SSB, sugar-sweetened beverages; DDS, dietary diversity score; AHEI, alternative healthy eating index.
* Obtained from independent-samples t test or χ2 test, where appropriate.
†Farmers were considered as having a high-risk occupation.
‡ Individuals who lived in places near electromagnetic fields and cell phone and broadcast antennas in the last 10 years were defined as living in high-risk areas.
§ Individuals who consumed fried food at least twice per week considered as frequent fried food users.
‖ Individuals who used barbecue, microwave and canned foods at least twice per week were considered as frequent users.
¶ To convert kcal to kJ, multiply by 4·184.
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Table 2. General characteristics of study participants cross quartiles (Q) of dietary diversity score (DDS) and alternative healthy eating index (AHEI) scores (n 384)
(Mean values and standard deviations; percentages)

Quartiles of DDS Quartiles of AHEI

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Mean SD Mean SD Mean SD Mean SD P* Mean SD Mean SD Mean SD Mean SD P*

Cases (%) 34·7 43·9 28·1 22·9 0·01 47·5 33·3 17·9 27·3 <0·001
Age (years) 42 14·5 43·9 13·6 42·5 13·9 43·2 12·8 0·76 40·4 15·0 43·1 14·0 42·6 13·1 46·6 11·2 0·01
Females (%) 36·7 47·4 39·3 42·2 0·43 34·4 37·5 35·9 61·4 <0·001
BMI (kg/m2) 26·2 4·6 25·8 3·8 26·4 4 26·2 3·3 0·74 26·2 3·9 25·9 4·0 25·9 3·8 26·5 4·2 0·78
Married (%) 72·4 76·3 84·3 88 0·05 70·5 79·2 78·2 94·3 <0·001
University graduated (%) 14·3 17·5 11·2 16·9 0·61 14·8 14·6 12·8 18·2 0·80
High-risk job† (%) 10·2 5·3 3·4 1·2 0·04 4·1 6·3 0 10·2 0·02
High-risk job residential area‡ (%) 21·4 21·9 27 28·9 0·55 25·4 24·0 29·5 19·3 0·49
Duration of cell phone use (years) 3·4 2·4 3·2 2·7 3·5 2·8 3·5 2·7 0·86 3·5 2·4 3·7 2·6 3·7 2·8 2·6 2·8 0·02
History of exposure to radiographic
X-rays (%)

10·2 6·1 14·6 10·8 0·26 15·6 8·3 5·1 9·1 0·08

History of head trauma (%) 33·7 35·1 32·6 33·7 0·98 34·4 28·1 41·0 33·0 0·35
History of allergy (%) 24·5 32·5 27 26·5 0·60 17·2 33·3 32·1 33·0 0·01
History of hypertension (%) 4·1 2·6 6·7 3·6 0·52 3·3 2·1 5·1 6·8 0·38
Smoking status (yes) (%) 31·6 17·5 22·5 15·7 0·03 29·5 27·1 19·2 8·0 0·001
Frequent fried food intake§ (%) 81·6 82·5 84·3 80·7 0·93 88·5 86·5 71·8 78·4 0·01
Frequent use of barbecue‖ (%) 13·3 7·9 18 15·7 0·17 20·5 10·4 12·8 6·8 0·02
Frequent microwave use‖ (%) 13·3 14 15·7 19·3 0·68 14·8 15·6 19·2 12·5 0·68
Frequent canned foods intake‖ (%) 6·1 3·5 7·9 7·2 0·56 6·6 5·2 7·7 4·5 0·82
Drug use (yes) (%) 5·1 3·5 7·9 8·4 0·42 4·1 9·4 7·7 3·4 0·24
Personal hair dye use (%) 30·6 32·5 38·2 38·6 0·57 21·3 34·4 35·9 52·3 <0·001
Exposure to chemicals (%) 14·3 11·4 13·5 15·7 0·84 16·4 10·4 10·3 15·9 0·42
Family history of glioma (%) 11·2 13·2 6·7 8·4 0·44 13·1 9·4 6·4 10·2 0·48
Family history of cancer (%) 25·5 34·2 40·4 34·9 0·18 31·1 28·1 41·0 36·4 0·27
Supplement use (%) 10·2 10·5 15·7 16·9 0·39 13·9 10·4 12·8 14·8 0·82
Physical activity (MET) 34·3 6·5 33·8 5·5 34·3 5·7 34·1 5·3 0·87 33·9 5·7 33·5 5·3 34·0 6·0 35·0 6·0 0·34

MET, metabolic equivalents.
* Obtained from ANOVA or χ2 test, where appropriate.
† Farmers were considered as having a high-risk occupation.
‡ Individuals who lived in places near electromagnetic fields and cell phone and broadcast antennas in the last 10 years were defined as living in high-risk areas.
§ Individuals who consumed fried food at least twice per week considered as frequent fried food users.
‖ Individuals who used barbecue, microwave and canned foods at least twice per week were considered as frequent users.

Table 3. Dietary and nutrient intakes of study participants across quartiles (Q) of dietary diversity score (DDS) and alternative healthy eating index (AHEI) scores (n 384)†

(Mean values with their standard errors; percentages)

Quartiles of DDS Quartiles of AHEI

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Mean SE Mean SE Mean SE Mean SE P* Mean SE Mean SE Mean SE Mean SE P*

Cases (%) 34·7 43·9 28·1 22·9 0·01 47·5 33·3 17·9 27·3 <0·001
Food groups (g/d)
Fruits 263·9 11·4 327·3 8·3 393·9 11·0 431·6 10·2 <0·001 308·1 8·4 298·3 9·0 395·4 15·3 419·4 11·6 <0·001
Vegetables 219·2 7·8 252·6 6·4 299·6 9·6 315·9 7·7 <0·001 230·0 5·4 248·3 6·1 288·4 11·0 330·6 9·4 <0·001
Red meat 32·5 2·4 30·9 1·4 33·6 1·5 35·2 1·4 0·38 38·9 1·9 30·4 1·5 31·8 1·7 28·2 1·4 <0·001
Fish 6·6 0·9 8·4 1·0 10·5 1·1 11·6 1·0 0·005 8·0 0·8 9·8 1·0 8·4 1·2 10·4 1·1 0·30
Dairy products 282·5 13·4 327·0 10·3 362·6 13·9 400·2 12·1 <0·001 333·3 11·8 305·6 11·8 355·1 15·7 372·1 12·8 0·003
Legumes and nuts 36·6 1·9 42·7 1·9 48·4 2·3 50·5 2·1 <0·001 32·5 1·2 40·1 1·9 52·4 2·5 57·2 2·1 <0·001
Whole grains 175·3 13·8 148 10·6 156·3 11·9 157·3 11·4 0·40 115·0 8·9 154·1 11·4 182·3 12·8 204·3 13·9 <0·001
Refined grains 448·6 19·2 435·6 15·6 458·6 19·2 451·3 21·9 0·84 510·3 17·5 448·0 15·2 432·4 22·4 373·9 17·1 <0·001
Salt 6·1 0·2 6·1 0·1 6·3 0·2 5·8 0·2 0·58 6·2 0·1 6·4 0·2 6·3 0·2 5·4 0·2 0·003
SSB 66·8 6·2 81·7 6·1 87·5 7·3 94·3 9·9 0·06 111·8 7·0 79·2 7·9 79·7 7·0 45·8 4·5 <0·001

Nutrients
Energy (kcal/d)‡ 2557·4 86·3 2450·4 48·4 2649·7 72·9 2652·7 63·2 0·10 2558·8 62·9 2461·2 55·0 2673·6 98·5 2602·1 58·6 0·20
Protein (g/d) 93·8 3·6 94·1 1·9 100·5 2·8 102·8 2·4 0·04 93·6 1·9 94·3 2·0 104·4 4·7 99·8 2·4 0·02
Fat (g/d) 60·6 2·3 61·5 1·8 67·4 2·1 70·8 1·9 0·001 61·2 1·7 61·2 1·9 66·7 2·8 71·3 1·9 0·001
Carbohydrate (g/d) 424·9 16·7 397·1 8·3 427·8 12·1 419·9 10·5 0·22 423·4 12·8 398·7 9·5 430·6 14·8 412·7 10·5 0·30
SFA (g/d) 18·9 1·0 19·3 0·7 21·3 0·8 21·9 0·9 0·04 19·6 0·6 19·3 0·8 20·9 1·1 21·5 0·9 0·25
PUFA (g/d) 12·4 0·4 12·7 0·4 13·4 0·5 15·0 0·4 0·001 11·6 0·3 12·6 0·4 13·7 0·5 15·9 0·5 <0·001
LC-FA (mg/d) 18·3 4·1 13·2 1·2 17·0 2·1 19·4 2·2 0·34 15·9 2·6 15·2 1·7 20·9 3·9 15·8 1·9 0·45
Ca (g/d) 979·6 38·3 1072·5 32·3 1155·9 33·9 1216·1 27·5 <0·001 1065·3 24·7 1027·4 30·9 1211·1 56·2 1118·9 27·2 0·002
Na (mg/d) 4180·8 134 4484·1 143 4702·2 183 4639·1 203 0·12 5079·2 143 4332·7 152 4518·4 194 3791·2 143 <0·001
Dietary fibre (g/d) 20·9 1·5 22·9 1·5 24·4 1·2 24·5 0·9 0·23 22·3 1·0 21·7 1·4 25·2 2·1 23·8 0·8 0·33

SSB, sugar-sweetened beverages; LC-FA, long-chain fatty acids.
* Obtained from ANOVA.

† All values, except energy intake, are energy-adjusted.

‡ To convert kcal to kJ, multiply by 4·184.
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glioma (OR 0·42, 95 % CI 0·19, 0·94). Such finding was also seen
when further adjustment was made for BMI; such that partici-
pants in the highest quartile of DDS were 56 % less likely to have
glioma comparedwith those in the lowest quartile (OR 0·44, 95 %
CI 0·20, 0·97). We also found a significant inverse association
between AHEI and odds of glioma; such that in the fully adjusted
model, participants in the top quartile of AHEI had 74 % lower
risk of glioma compared with those in the bottom quartile after
taking all potential confounders, including BMI, into account
(OR 0·26, 95 % CI 0·12, 0·56).

Discussion

We found an inverse association between DDS and risk of
glioma. This association was obtained after adjusting for poten-
tial confounders including socioeconomic characteristic and
BMI. Such inverse association was also seen for AHEI either
before or after controlling for potential confounders. To the best
of our knowledge, this study is the first to examine the associa-
tion of DDS and AHEI with glioma.

It is well studied that whole diet rather than individual foods
or nutrients can better represent overall diet quality and help pre-
dicting the association between diet and diseases(31). DDS and
AHEI, as indicators of diet quality, were assessed in relation to
non-communicable diseases including CVD and some can-
cers(32–34). Despite this, no observational study has evaluated
the association of these dietary indices with brain cancers such
as glioma. In the present study, we found that high dietary diver-
sity was associated with decreased odds of glioma. In line with
our findings, some studies had shown an inverse association
betweenDDS and risk of cancers. In a case–control study, adher-
ence to a diet with a high diversity, in particular fruit diversity,
was associated with a lower risk of bladder cancer(35). In a pro-
spective study, after a mean follow-up of 8·4 years, variety in the
consumption of vegetables and fruit combined and of fruit con-
sumption alone were inversely associated with the risk of oeso-
phageal squamous cell carcinoma(36). In contrast, another study
failed to find any significant association between diversity in
each food group and risk of breast cancer(37). However, in that
study dietary diversity was assessed in a single food group and
several confounders were not adjusted for to determine the in-
dependent association between dietary diversity and breast
cancer. The different nature of breast cancer compared with

other cancers might also be another reason for different findings
on the association between DDS and cancer. Therefore, further
studies are needed to shed light on this issue.

The protective association of DDS against glioma might
be explained by the high nutrient content of diverse diet.
Antioxidants are one of these nutrients. A large number of stud-
ies have shown an inverse association between dietary intake of
antioxidants and risk of cancer(38–40). This association was also
reported for glioma(41). Another feature of diet with a high
DDS is its high content of fruits and vegetables which have been
shown to be protective against glioma(8). Diets with a high diver-
sity score are usually rich in fibre which helps the body to reduce
carcinogens(42).

In the present study,we found that greater adherence to AHEI
was associated with decreased odds of glioma. In our earlier
study, adherence to DASH diet, known as a high-quality dietary
pattern, was associated with 72 % lower risk of glioma(12).
Findings of previous studies on the association between AHEI
and risk of other cancers were also in line with our findings.
In a large population-based study in Germany, after controlling
for potential confounders, individuals in the highest category of
AHEI were less likely to have colorectal cancer compared with
those in the lowest category(43). Another study revealed an
inverse association for ovarian cancer(44). In addition, a system-
atic review and meta-analysis of observational studies showed
that high adherence to AHEI was associated with reduced risk
of mortality from cancer(45). The inverse association between
AHEI and glioma might be explained by high content of fruits
and vegetables. As reported in prior studies, fruit consumption
and vegetable consumption have a preventive role for incidence
of glioma(6,8). In addition, dietary intake of antioxidants, as anti-
carcinogenic nutrients, is high among people with greater adher-
ence to AHEI(46,47). High AHEI score is also associated with a
lower intake of red and processed meats which is a known risk
factor for glioma(9).

This study has several strengths. This was the first study to
examine the association of DDS and AHEI with glioma. We con-
trolled for a wide range of confounders in the present study to
reach an independent association between the dietary scores
and risk of glioma. In addition, patients enrolled in the study
were new cases of glioma who had been diagnosed with this
malignancy in the past 1 month. This reduces the possibility
of changing usual dietary intakes in these patients. It must also

Table 4. Risk for glioma according to quartiles (Q) of dietary diversity score (DDS) and alternative healthy eating index (AHEI) scores (n 384)
(Odds ratios and 95 % confidence intervals)

Quartiles of DDS Quartiles of AHEI

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

OR OR 95 % CI OR 95 % CI OR 95 % CI Ptrend OR OR 95 % CI OR 95 % CI OR 95 % CI Ptrend

Crude 1 1·47 0·84, 2·56 0·73 0·39, 1·36 0·55 0·28, 1·08 0·02 1 0·55 0·31, 0·96 0·24 0·12, 0·47 0·41 0·23, 0·74 <0·001
Model 1* 1 1·49 0·85, 2·60 0·72 0·39, 1·35 0·55 0·28, 1·07 0·02 1 0·55 0·32, 0·96 0·23 0·12, 0·47 0·41 0·22, 0·74 <0·001
Model 2† 1 1·33 0·69, 2·58 0·67 0·32, 1·37 0·42 0·19, 0·94 0·01 1 0·47 0·24, 0·91 0·19 0·08, 0·42 0·25 0·12, 0·55 <0·001
Model 3‡ 1 1·36 0·70, 2·64 0·68 0·33, 1·41 0·44 0·20, 0·97 0·01 1 0·48 0·25, 0·93 0·19 0·08, 0·43 0·26 0·12, 0·56 <0·001

* 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 radiographic X-rays,
history of head trauma, smoking, drug use, personal hair dye use, frequent fried food intake and frequent use of a microwave.

‡ Model 3: further adjustment for BMI.
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be kept in mind that the study comes from the under-studied
region of the Middle East where available information on diet–
disease relations is very limited.

Some limitations should also be considered when interpret-
ing our findings. The first is the case–control design of the study
that is subject to several biases including selection and recall
bias. In addition, due to study design we cannot confer causality.
Although case–control studies are efficient in terms of time and
cost, they are highly susceptible to both selection and recall
biases. Recall bias, inwhich casesmay recall their past diet differ-
ently in the context of their cancer diagnosis, is problematic
because dietary assessment occurs after diagnosis. An additional
concern for case–control studies is that cases might have altered
their diet before diagnosis due to early symptoms of the disease.
However, glioma-related symptoms may lead patients to con-
sume healthy foods rather than unhealthy ones. This would
result in attenuated estimates. In addition, cases in the present
study were selected from hospitals; therefore, identified risk fac-
tors may be unique to these hospitals. However, case–control
studies are suitable for studying the association of diet with rare
disease with long latency period including cancers. In addition,
some controls were selected from those who attended to the out-
patients’ clinics of the hospital. Although controls had no history
of any cancer, they might have a disease with high level of oxi-
dative stress which is known risk factor for several chronic dis-
eases, particularly different cancers(48). Nevertheless, this factor
cannot affect dietary intakes and consequently dietary data
obtained for controls in the present study. To account for recall
bias in this study design, we enrolled hospital-based controls to
report exposures in a year before enrolment. As with all epi-
demiological studies that apply FFQ, misclassification of study
participants is unavoidable. Although we controlled for several
confounders, one cannot exclude the possibility of residual con-
founding. In addition, as the dietary intakes of Middle Eastern
population are different fromWestern nations, the generalisabil-
ity of the findings to other populations should be made
cautiously.

In conclusion, greater adherence to a diet with a high diver-
sity was associated with decreased odds of glioma. Such finding
was also observed for AHEI; such that participants with a greater
adherence to the AHEI diet were less likely to have glioma com-
pared with those with the lowest adherence.

Research and policy implications

Policies to promote adherence to healthy and diverse dietary
patterns in general people might help preventing the incidence
of glioma. The beneficial effects of such policies on other chronic
conditions have earlier been reported.
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