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Abstract

Objective: To investigate potential associations between diet and adult glioma.
Methods: We conducted a population-based case–control study of adult glioma in eastern Nebraska. Nutrient and
food group intakes were estimated for 236 glioma cases and 449 controls using information obtained from a food-
frequency questionnaire.
Results: After adjusting for potential confounders, inverse associations with risk of adult glioma were observed for
intakes of dark yellow vegetables (highest quartile versus lowest: OR¼ 0.6, ptrend¼ 0.03) and beans (OR¼ 0.4,
ptrend¼ 0.0003), but no associations were seen for dietary sources of preformed nitrosamines or high-nitrate
vegetables. Our nutrient analysis revealed significant inverse associations between risk of adult glioma and dietary
intake of pro-vitamin A carotenoids (highest quartile versus lowest: OR¼ 0.5, ptrend¼ 0.005), a-carotene (OR¼ 0.5,
ptrend¼ 0.01), b-carotene (OR¼ 0.5, ptrend¼ 0.01), dietary fiber (OR¼ 0.6, ptrend¼ 0.048) and fiber from beans
(OR¼ 0.5, ptrend¼ 0.0002). We observed no significant associations with risk of adult glioma for intakes of other
nutrients or compounds including nitrate, nitrite, vitamin C, vitamin E, saturated fat, cholesterol, dietary fiber from
grain products, or fiber from fruit and vegetables.
Conclusion: Our study does not support the N-nitroso compound hypothesis, but suggests potential roles for
carotenoids and possibly other phytochemicals in reducing risk of adult glioma.

Introduction

Brain cancer is among the most lethal cancers in the
United States. According to the cancer Surveillance,
Epidemiology, and End Result (SEER) program, the
overall 5-year relative survival rate for this cancer was
only about 28.3% during 1989–1996 [1]. In the US the
rates of brain cancer are highest among white men,
followed by white women and black men and women [1].
After a small peak in the first decade of life the risk of this
cancer increases appreciably after age 50 and reaches its

peak at 70–80 years of age [1, 2]. Among adults more
than 90% of malignant tumors in the brain are gliomas,
which are composed of a variety of cancers arising from
the neuroglial cells, typically including astrocytoma,
oligodendroglioma, and ependymoma [2, 3].
Compared with more common cancers, such as breast

cancer and colorectal cancer, adult glioma has received
less attention until recently. High-dose ionizing radia-
tion is the only established risk factor, but this uncom-
mon exposure may account for only a small fraction of
adult glioma in the general population [3]. Other
suspected risk factors include familial predisposition
and certain occupational exposures such as organic
solvents and electromagnetic fields [3].
The associations between dietary intakes and adult

glioma are not well understood. However, N-nitroso
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compounds (NOC) have been thought to be important.
There are two kinds of NOC: nitrosamines and nitros-
amides. Animal studies have revealed that nitrosamides,
particularly alkylnitrosoureas, are strong nervous sys-
tem carcinogens [4]. Human exposure to NOC comes
from both exogenously and endogenously formed com-
pounds. The volatile nitrosamines are more readily
analyzed than nonvolatile nitrosamines and nitrosa-
mides and therefore have been measured in many foods,
beverages, and other consumer products. Although
many foods probably contain both types of compounds,
volatile nitrosamines have been used in epidemiological
studies as an estimate of exposure to preformed NOC.
Some studies have found that greater intakes of volatile
nitrosamines [5, 6] or one or more of their dietary
sources, such as processed meats, beer, cheese, salted
fish, and salted vegetables [5–10] were related to
increased risk of adult glioma. However, others failed
to observe such associations [11–18].
Limited data suggest associations of other dietary

factors with adult glioma. Greater intakes of antioxi-
dants (vitamin C and E), fruit and vegetables, and the
use of vitamin supplements have been related to lower
risk of adult glioma [8–10, 16, 17]; whereas greater
intakes of total energy [18] and protein [16] have been
associated with higher risk. However, the epidemiolog-
ical evidence for these dietary factors is not consistent.
Higher serum cholesterol concentration was found to be
associated with greater risk of adult glioma in a few
studies [19–21], but not in others [22–24]. To further
investigate associations between diet and adult glioma
we examined data from a population-based case–control
study in eastern Nebraska.

Materials and methods

Study population

The current study was part of the Nebraska Health
Study II, which was designed to investigate the potential
roles of occupational and dietary risk factors in adult
glioma, esophageal adenocarcinoma, and stomach can-
cer in 66 counties of eastern Nebraska. A detailed
description of the study design has been described
elsewhere [25]. Histologically confirmed incident prima-
ry adult glioma cases were identified from the Nebraska
Cancer Registry or 11 participating hospitals in Lincoln
and Omaha, covering more than 94% of all adult glioma
cases in the study population between 1 July, 1988 and
30 June, 1993. All participants were white male or
female residents of these 66 counties, aged 21 years or
older.

Controls for this study were randomly selected from
the control group of a previous population-based case–
control study of non-Hodgkin’s lymphoma, Hodgkin’s
disease, multiple lymphoma, and chronic lymphocytic
leukemia conducted in 1986–1987 in the same base
population [26]. In the previous study the controls were
selected from the base population by 3:1 frequency
matching by race, gender, vital status, and 5-year age
groups to the overall case distribution. A two-stage
random-digital dialing method was used for living cases
under age 65; whereas Medicare records were used for
random selection of older controls. For deceased cases
the controls were selected from the Nebraska state
mortality files with additional matching for year of
death [26, 27]. In the current study the controls were
frequency matched to the overall distribution of the
adult glioma, esophageal, and stomach cancer cases by
age, gender, and vital status to ensure adequate overlap
of these variables for individual cancer analysis. Because
of inadequate numbers of younger controls for the adult
glioma study, 23 additional controls identified by
random-digit dialing (n¼ 3) or from death certificates
(n¼ 20) were interviewed.

Interviews

Telephone interviews with cases and controls or their
proxies were performed during 1992–1994 by trained
interviewers. Of the 298 cases still eligible after review by
a neuropathologist (R.M.), 267 (90%) were successfully
interviewed. Sixteen were determined to be ineligible
(based on interview information) due to residence
outside of Nebraska during the study period. Of the
251 eligible interviewed cases, approximately 87% were
astrocytic tumors (including 58% glioblastoma multi-
forme), 8% were oligodendroglial tumors, 3% ependy-
mal tumors, 1% mixed gliomas, and 2% other gliomas.
A total of 606 eligible controls were identified and we
interviewed 498 controls or their proxies (82%). Taking
into account the response rate of controls in the
previous study (87%), the response rate for re-inter-
viewed controls was 71% in the current study. Reasons
for non-response included refusals from participants or
their physicians (20 cases and 56 controls), no identifi-
able next of kin (no cases and 11 controls), failure to
contact (eight cases and 23 controls), and other reasons
(three cases and 18 controls). The interviews followed a
standardized questionnaire modified from the one used
in the former lymphoma study, with additional ques-
tions related to suspected brain cancer risk factors.
Participants were asked to recall exposures prior to
1985. The interviews were conducted with the next-
of-kin or another proxy respondent for 76% of cases
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and 60% of controls. The majority of proxy respondents
were either the patients’ spouses (cases: 64%; controls:
49%) or other first-degree relatives (cases: 32%; con-
trols: 44%). Self-respondent controls were intentionally
over-sampled to increase the power of subgroup ana-
lyses among self-respondents.

Dietary assessment and food group definition

A 48-item food-frequency questionnaire was used to
assess participants’ dietary habits. This questionnaire
was modified from the short Health Habits and History
Questionnaire [28]. Modifications were made to collect
more information on foods containing preformed NOC,
nitrate, or nitrite. A few foods that contributed to salt,
fat, and calorie intake were dropped to reduce the
burden on brain cancer cases. These foods were also
excluded from the analyses that included brain cancer
cases and controls. The correlation coefficients for these
nutrient intakes among controls calculated with or
without the dropped foods were usually 0.95 or above.
The reliability of reported dietary intakes was evaluated
for foods that were asked about in both interviews. The
Spearman correlation coefficients ranged from 0.32 to
0.49 (mean 0.41) and they were similar between self-
respondents and proxy respondents.
Detail on frequency of consumption of each food was

requested, and age- and gender-specific portion sizes
were used to calculate nutrient intakes. Dietary intakes
of nitrate and nitrite were determined from published
literature [29–34]. Mean nutrient intakes and their
standard deviations (SD) by case–control status are
presented in Appendix 1. In addition to food intakes
details of the use of vitamin supplements and intake of
alcoholic drinks, including beer, wine, and liquor, were
also requested.
Before data analysis the food groups were defined as

the following: dairy products (2%, 1%, or skim milk or
beverages made with milk; whole milk or beverages
made with whole milk; and cheeses and cheese spread,
not including cottage cheese); processed meats (bacon;
sausage, including breakfast sausage; processed or
smoked ham, bought from store; meat that was cured
or smoked at home; sandwich meats, such as bologna or
salami; and hot dogs); red meats (beef, such as steak or
roasts; beef stew or pot pie; hamburgers, cheeseburgers,
or meatloaf; fresh ham, ham roast, pork chops, or pork
roast; liver, including chicken liver); poultry (chicken or
turkey); fish (fish, either fresh, frozen, or canned, such as
trout or tuna fish); gravy made from meat juice; total
vegetables including: dark green vegetables (broccoli
and spinach); dark yellow vegetables (carrots or mixed
vegetables with carrot; sweet potatoes or yams); high-

nitrate vegetables (radishes; lettuce or green salad;
coleslaw, cabbage or sauerkraut; celery; rhubarb; beets;
spinach); tomatoes or tomato juice; green beans; and
onions; beans, dried peas, and chili; citrus fruit and
juices (oranges, tangerines, or grapefruit; and orange
juice or grapefruit juice); white bread including sand-
wiches, bagels, and crackers; dark bread including whole
wheat, rye, and pumpernickel; and breakfast cereals
(highly fortified cereal, cooked cereal, and other cold
cereal). The median and inter-quartile range (25–75%)
for the individual food groups are presented in Appen-
dix 2.
Volatile nitrosamines such as N-nitrosopyrrolidine

can be formed when cured meats, particularly bacon, are
fried. Moreover, meats cooked at high temperatures and
for a long duration may contain carcinogens such as
heterocyclic amines [35] and a preference for well-done
beef was associated with higher risk of stomach cancer
in this study population [25]. Therefore, we also assessed
whether beef doneness (defined as rare/medium rare,
medium, medium well/well done) or cooking methods
for beef, pork, and poultry (baked/roasted/boiled, fried/
broiled, grilled/barbecued) were associated with risk of
adult glioma.

Statistical analysis

Dietary variables were categorized before data analysis
according to their distribution among controls. Most
food intakes were grouped into quartile categories and
energy intake was adjusted as a covariate in the logistic
regression models. Intakes of white and dark breads
were categorized into tertiles because of the limited
distribution of intakes. Nutrient intakes were catego-
rized into quartiles with adjustment for energy intake,
using the residual method [36]. Odds ratios (OR) and
their 95% confidence intervals (CI) were calculated by
unconditional logistic regression. All significance tests
were two-sided (a¼ 0.05).
We tested for linear trends by including the median of

each quartile as a continuous variable in the model and
testing for the significance of the slope. Analyses of the
food group and nutrients separately by gender and
respondent type gave similar results; therefore the
overall results are presented. Age, age squared, gender,
respondent type, family history, education level, and
farming experience were adjusted in all analyses. Family
history was defined as having any first-degree relatives
ever diagnosed with a tumor of the central nervous
system. Education was categorized into two levels:
completed high school and less than a high school
degree. Farming experience was defined as having ever
lived or worked on a farm. Because education level and
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farming experience showed different associations with
adult glioma by gender, we also included their interac-
tion terms with gender in all models.

Results

Cases and controls with unknown or missing intakes for
20% or more of the food items were excluded from
analyses [25]. This left 236 (94%) adult glioma cases
(132 men and 104 women) and 449 (90%) controls (258
men and 191 women) in the dietary analysis.
Table 1 shows characteristics of the study sample by

gender and case–control status. For both men and
women the cases tended to be younger than controls as a
result of the frequency matching by age across all case
groups including gastrointestinal cancer patients. Wom-
en reported lower energy intake than men, but there was
no difference between cases and controls. For both
genders the cases had more proxy respondents than
controls. A higher proportion of cases completed 12 or
more years of schooling than controls, and the difference
was more pronounced among women. For both men
and women higher proportions of cases reported family
histories of any cancer or cancer of the central nervous
system than controls. More male cases reported farming
experience than male controls, whereas the opposite was
true for female cases and controls. About 27% of male
cases and controls had used vitamin supplements prior
to 1985, whereas supplement use was reported by 42%
of female cases and 51% of female controls.
Table 2 describes associations between food group

intakes and risk of adult glioma. Greater intake of dark
yellow vegetables was significantly associated with lower

risk of adult glioma (ptrend¼ 0.03). An even stronger
inverse association was found for intake of beans that
included beans, dried peas, and chili (ORs for increasing
intake quartiles: 1.0, 1.2, 0.6, and 0.4, ptrend¼ 0.0003).
Higher weekly consumptions of fish, total vegetables,
high-nitrate vegetables, and dark bread were nonsignif-
icantly associated with lower risk of adult glioma,
whereas consumption of dairy products was nonsignif-
icantly associated with higher risk. No other food group
intakes, including individual processed meats (bacon,
sausage, sandwich meats, ham, and hotdogs) or beer,
were associated with risk of adult glioma (data not
shown). We also found no associations between beef
doneness or meat cooking method and risk of adult
glioma (data not shown).
Associations of nutrient intake residual quartiles with

risk of adult glioma are shown in Table 3. Total energy
intake was not related to risk. Compared with the lowest
quartiles, the highest intake quartiles of total pro-
vitamin A carotenoids, a-carotene, and b-carotene were
each associated with an approximately 50% lower risk
and significant inverse trends were observed for all these
nutrients. Risk of adult glioma was also found to be
40% lower for the highest quartile of dietary fiber intake
versus the lowest. Further analysis showed that only the
association with fiber from beans showed a significant
inverse trend. The only nutrient that tended to be
positively associated with the risk was retinol, with a
marginal significant trend (ptrend¼ 0.053). No associa-
tion with adult glioma was found for dietary intake of
nitrate, nitrite, vitamin C, vitamin E, saturated fat, or
cholesterol; neither did we find a significant interaction
between dietary intakes of vitamin C and nitrite (data
not shown). Moreover, the results were not meaning-

Table 1. Characteristics of the study sample

Men Women

Control (n = 258) Case (n = 132) Control (n = 191) Case (n = 104)

Age (years)a 60.2 ± 16.9 52.8 ± 15.4 58.9 ± 18.4 54.0 ± 15.7

Energy intake (MJ) 8.1 ± 3.0 8.7 ± 2.8 5.7 ± 2.3 5.3 ± 2.1

Self-respondent (%)b 38.8 26.5 47.1 21.2

Years of education (%)

<12 32.1 21.7 30.6 10.7

12 27.9 31.8 31.1 38.8

>12 40.0 46.5 38.3 50.5

Family history of cancers (%)

Any cancer 48.3 52.9 51.4 59.8

Cancer in central nervous system 3.4 5.8 1.7 6.2

Ever lived or worked on a farm (%) 62.4 67.9 67.0 52.9

Ever took vitamin supplements (%) 27.4 27.6 51.4 41.7

a Means and standard deviations are presented for continuous variables.
b Proportions are presented for categorical variables.
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Table 2. Odds ratiosa and 95% confidence intervals for adult glioma according to food or food group intake quartiles

Foods or food groups Q1 Q2 Q3 Q4 ptrend

No. cases/

controls

OR No. cases/

controls

OR

(95% CI)

No. cases/

controls

OR

(95% CI)

No. cases/

controls

OR

(95% CI)

Dairy products 54/111 1.0 55/114 1.4 (0.8–2.4) 59/116 1.4 (0.8–2.5) 68/108 1.8 (1.0–3.3) 0.06

Processed meat 48/115 1.0 72/112 1.7 (1.0–2.8) 60/113 1.2 (0.7–2.0) 56/109 1.1 (0.6–2.1) 0.9

Red meat 57/113 1.0 52/114 0.8 (0.5–1.3) 67/111 0.9 (0.5–1.6) 60/111 0.9 (0.5–1.6) 0.9

Poultry 75/117 1.0 82/177 0.7 (0.4–1.1) 50/97 0.7 (0.4–1.2) 29/58 0.8 (0.4–1.5) 0.4

Fish 89/138 1.0 59/103 0.8 (0.5–1.3) 65/144 0.7 (0.4–1.1) 23/64 0.6 (0.3–1.2) 0.09

Gravy 54/128 1.0 55/91 1.8 (1.1–3.1) 83/136 1.6 (0.9–2.6) 44/94 1.7 (0.9–3.1) 0.4

All vegetables 75/112 1.0 54/113 0.7 (0.4–1.2) 60/112 0.8 (0.5–1.3) 47/112 0.5 (0.3–1.0) 0.06

Dark green vegetables 67/117 1.0 58/127 0.8 (0.5–1.3) 59/97 0.9 (0.5–1.6) 52/108 0.7 (0.4–1.2) 0.3

Dark yellow vegetables 67/113 1.0 69/117 0.9 (0.5–1.4) 53/106 0.7 (0.4–1.2) 47/113 0.6 (0.3–1.0) 0.03

Tomatoes 62/114 1.0 65/111 1.3 (0.8–2.2) 54/119 1.0 (0.6–1.7) 55/105 1.2 (0.7–2.0) 0.8

High-nitrate vegetables 56/113 1.0 79/112 1.2 (0.7–2.0) 54/112 1.0 (0.6–1.7) 47/112 0.7 (0.4–1.3) 0.1

Citrus fruit 62/113 1.0 65/117 1.1 (0.6–1.8) 50/104 0.8 (0.5–1.3) 59/115 1.0 (0.6–1.7) 0.7

Beans 61/100 1.0 101/148 1.2 (0.7–2.0) 54/130 0.6 (0.3–1.0) 20/71 0.4 (0.2–0.8) 0.0003

Dark breadb 98/159 1.0 67/139 0.6 (0.4–1.0) 71/151 0.7 (0.4–1.0) 0.1

White breadb 81/149 1.0 75/162 0.9 (0.6–1.4) 80/138 1.4 (0.8–2.2) 0.3

Breakfast cereals 60/114 1.0 56/100 1.2 (0.7–2.1) 51/104 1.1 (0.6–1. 9) 69/131 1.5 (0.9–2.5) 0.2

a Compared with the lowest intake quartile or tertile, adjusting for age, age squared, gender, total energy intake, respondent type, education

level, family history, and farming experience.
b Intake tertile, rather than quartile, was used.

Table 3. Odds ratiosa and 95% confidence intervals for adult glioma according to nutrient intake residual quartiles

Nutrient Q1 Q2 Q3 Q4 ptrend

No.

casesb
OR No.

cases

OR

(95% CI)

No.

cases

OR

(95% CI)

No.

cases

OR

(95% CI)

Total energy 68 1.0 42 0.7 (0.4–1.2) 59 0.9 (0.5–1.6) 67 1.0 (0.6–1.9) 0.6

Pro-vitamin A carotenoids 85 1.0 49 0.7 (0.4–1.1) 58 0.6 (0.4–1.0) 44 0.5 (0.3–0.8) 0.005

a-carotene 83 1.0 49 0.6 (0.4–1.0) 53 0.6 (0.4–1.0) 51 0.5 (0.3–0.8) 0.01

b-carotene 83 1.0 49 0.8 (0.5–1.3) 58 0.7 (0.4–1.1) 46 0.5 (0.3–0.9) 0.01

b-cryptoxanthin 64 1.0 56 0.9 (0.5–1.5) 62 0.9 (0.6–1.5) 54 0.7 (0.4–1.3) 0.3

Lycopene 52 1.0 72 1.2 (0.7–2.0) 56 0.8 (0.5–1.5) 56 0.9 (0.5–1.6) 0.6

Lutein 53 1.0 74 1.7 (1.0–2.9) 54 1.1 (0.6–1.8) 55 1.2 (0.7–2.1) 0.9

Retinol 54 1.0 65 1.1 (0.6–1.8) 54 1.2 (0.7–2.1) 63 1.6 (1.0–2.8) 0.053

Folate 52 1.0 80 1.4 (0.8–2.3) 51 0.9 (0.5–1.6) 53 0.9 (0.5–1.5) 0.3

Vitamin C 56 1.0 67 1.2 (0.7–2.1) 61 1.3 (0.8–2.3) 52 0.9 (0.5–1.5) 0.7

Vitamin E 66 1.0 57 1.0 (0.6–1.6) 51 0.8 (0.5–1.3) 62 0.8 (0.5–1.4) 0.4

Dietary fiber 83 1.0 54 0.6 (0.4–1.0) 52 0.7 (0.4–1.2) 47 0.6 (0.3–0.9) 0.048

From beans 58 1.0 103 1.7 (1.0–2.7) 39 0.5 (0.3–0.9) 36 0.5 (0.3–0.9) 0.0002

From grain 64 1.0 47 0.7 (0.4–1.2) 68 1.3 (0.8–2.1) 57 0.9 (0.6–1.6) 0.7

From fruit/vegetable 66 1.0 75 1.0 (0.6–1.7) 40 0.7 (0.4–1.1) 55 0.9 (0.5–1.5) 0.4

Dietary fat 56 1.0 53 0.9 (0.5–1.6) 73 1.3 (0.8–2.1) 54 1.0 (0.6–1.7) 0.8

Saturated fat 49 1.0 63 1.1 (0.7–1.9) 69 1.4 (0.8–2.4) 55 1.3 (0.7–2.2) 0.4

Cholesterol 52 1.0 77 1.6 (1.0–2.7) 52 1.0 (0.6–1.8) 55 1.5 (0.8–2.5) 0.5

Protein 70 1.0 56 0.7 (0.4–1.3) 48 0.6 (0.3–1.0) 62 0.7 (0.4–1.1) 0.07

Nitrate 59 1.0 81 1.2 (0.7–1.9) 43 0.7 (0.4–1.2) 53 0.7 (0.4–1.2) 0.1

Nitrite 66 1.0 66 1.0 (0.6–1.7) 57 0.9 (0.5–1.5) 47 0.8 (0.5–1.3) 0.3

a Compared with the lowest nutrient residual quartile, adjusting for age, age-squared, gender, respondent type, education level, family history,

and farming experience.
b The number of controls ranged from 110 to 119 for each nutrient quartiles.
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fully different by respondent type. For example, the age-
and gender-adjusted ORs for increasing quartiles of
total pro-vitamin A intake compared with the lowest
quartile were 0.6, 0.6, and 0.5 among self-respondents
and 0.8, 0.8, and 0.5 among proxy respondents. The
ORs for quartiles 1–4 of bean intake were 1.0 (refer-
ence), 1.0, 0.4, and 0.3 for self-respondents and 1.0, 1.2,
0.7, and 0.4 for proxy respondents. Finally, no vitamin
supplement uses were associated with risk of adult
glioma (Table 4). Further adjustment of the nutrient
intakes from foods for the respective dietary vitamin
intake did not change the results (data not shown).

Discussion

In this study we did not observe greater risk of adult
glioma with higher intake of foods containing NOC,
including processed meats and beer. Moreover, we
found no significant associations between adult glioma
and dietary intake of nitrate or nitrite, the precursors of
endogenous NOC synthesis. However, we did observe a
significantly lower risk of adult glioma with higher
intake of dark yellow vegetables, beans, and certain
nutrients from these foods.
Thirteen case–control studies [5–12, 14–18, 37] and

one cohort study [13] have examined the association
between diet and adult glioma. The findings have been
inconsistent with respect to the NOC hypothesis.
Among them, six case–control studies [5–10] reported
elevated risks for higher intakes of nitrosamines or one
or more kinds of processed meats or beer. However, the
results were inconsistent within or across individual
studies.
In the current study the major dietary sources of N-

nitrosamines, including individual types of processed
meats and beer, were not associated with risk of adult
glioma. There are several potential explanations for the
lack of association between dietary nitrosamines and

adult glioma in epidemiological studies. First, animal
experiments support nitrosamides, but not nitrosam-
ines, as carcinogens to the central nervous system.
Because our assessment of NOC intake was based on
dietary intakes of preformed nitrosamines, dietary
nitrosamide intake may have been misclassified. Second,
other major environmental exposures to nitrosamines
and nitrosamides include specific occupational expo-
sures, cigarette smoking, and beer drinking. However,
the relationship between adult glioma and occupational
exposure to NOC is not clear and epidemiological
studies do not support an association with either
cigarette smoking or alcohol use [3]. Third, an appro-
priate measurement of relevant NOC exposure is
difficult because of the complexity of its exogenous
exposure and endogenous synthesis. Misclassification of
NOC exposure may be difficult to avoid in epidemio-
logical studies. Finally, prenatal exposure to NOC may
be important in adult glioma pathogenesis because
animal data suggest that prenatal or transplacental
exposure to nitrosamides confers much more risk than
exposure in adult life [3].
Vitamin C, vitamin E, and other polyphenols from

fruit and vegetables are antioxidants and inhibitors of
endogenous NOC syntheses, and therefore may be
protective against adult glioma. The epidemiological
evidence for inverse associations between glioma risk
and dietary intakes of vitamin C, vitamin E, their
supplements, and fruit and vegetables has not been
consistent [5, 6, 8–13, 16–18], with the majority of
studies finding no associations. However, Lee et al. [9]
reported that men with high intake of nitrite and low
intake of vitamin C had a higher risk of adult glioma
compared with low nitrite and high vitamin C intake
(OR¼ 2.1, 95% CI 1.1–3.8), suggesting an interaction
between dietary vitamin C and nitrite. We did not
observe any association with risk of adult glioma for
vitamin C, vitamin E, their supplements, or citrus fruit
and juices, or any elevated risks for high dietary nitrite
or nitrate intake in this study. Further, there was no
elevated risk among those with higher dietary nitrite and
lower vitamin C intakes compared with low nitrite and
high vitamin C intakes.
Although carotenoids are hypothesized to protect

against a variety of cancers, their association with risk of
adult glioma has rarely been evaluated in epidemiolog-
ical studies. Giles et al. [6] did not find any association
with intakes of yellow vegetables or b-carotene among
men, but they observed that the highest tertiles of both
intakes were each associated with a nonsignificant 30%
lower risk among women. Hu et al. [10] also reported a
nonsignificant inverse association between b-carotene

Table 4. Odds ratiosa (OR) and 95% confidence intervals (CI) for the

risk of adult glioma according to vitamin supplement uses

Supplement Controls Cases OR (95% CI)

Nonuser 266 148 1.0

Multivitamin 136 68 0.8 (0.5–1.3)

Vitamin C 60 34 1.0 (0.6–1.7)

Vitamin E 26 15 0.8 (0.4–1.9)

Vitamin A 11 7 0.8 (0.2–2.7)

a Compared with vitamin supplement nonusers (OR = 1), adjust-

ing for age, age-squared, gender, respondent type, education level,

family history, and farming experience.
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intake and risk of brain cancer (ORs for intake
quartiles, 1.0, 0.45, 0.51, 0.38, ptrend¼ 0.11) in a Chinese
population. In the current study we found that higher
intakes of dark yellow vegetables, pro-vitamin A carot-
enoids, a-carotene, and b-carotene were all significantly
associated with lower risk for adult glioma.
Lee et al. [9] found that male glioma patients reported

significantly lower intake of green beans and legumes
than didmale controls. In this study we observed a strong
inverse association between dietary intake of dried beans
or fiber from beans and risk of adult glioma. Dietary fiber
has been reported to be associated with lower risk for
several epithelial cancers; however, there has been no
evidence to suggest its role in adult glioma.Moreover, we
did not find lower risk with greater intakes of dietary fiber
from other sources such as fruit and vegetables or grain
products. Therefore, the inverse association observed in
this study could be potentially attributed to other
components found in beans. Such candidates include
phytochemicals which have been hypothesized to play
important roles in cancer prevention in several ways [38],
including through their weak estrogenic and antiestro-
genic properties, protease inhibition activities, antioxi-
dant effects, cell apoptosis induction activities, and
potential influences on signal transduction. Our data
also indicate that greater intake of dark bread tends to be
associated with lower risk, though the association may
not be linear. This, too, is in line with a potential
protective role of phytochemicals [39]. However, because
this study was not designed specifically to examine
potential roles of beans or phytochemicals in adult
glioma, and because there have been few studies in this
area, our results must be interpreted with caution and
further investigations are needed.
Our study had several limitations. Like most studies

of adult brain cancer, data collection in this study
involved the use of next-of-kin respondents. We per-
formed subgroup analysis by respondent type and
found that the results were not meaningfully different.
Adult glioma cases or their proxies might recall diets
systematically differently from controls because of their
symptoms, the effects of their treatment, or their
perceptions of the causes of brain cancer. However,
cases and controls reported similar energy intake,
arguing against a systematic bias due to cancer symp-
toms or treatment. Moreover, the associations between
diet and adult glioma, unlike some other cancers, have
not been well publicized and the results for glioma are
not the same as those seen for the other cancers in this
study [40]. The error inherent in recalling past dietary
habits would be expected to cause some exposure
misclassification, although recalled diet has been found

to be more closely associated with past diet than with
current diet [41]. Finally, we did not adjust for multiple
comparisons in the analyses; thus the significance levels
of individual comparisons must be interpreted with
caution.
Together, our results point to protective roles for

carotenoids and possibly phytochemicals in vegetables,
beans, and grain products, but do not support a role for
dietary sources of N-nitroso compounds in the etiology
of adult glioma. Hypotheses other than N-nitroso
compounds should be considered in further studies of
diet and adult glioma.
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Appendix 1. Mean (±SD) of nutrient intakes across case–control

status

Nutrient Controls

(n = 449)

Glioma cases

(n = 236)

Total energy (MJ) 7.1 ± 2.9 7.2 ± 3.0

Pro-vitamin A carotenoids (lg) 2865 ± 1908 2539 ± 1768

a-Carotene (lg) 409 ± 362 341 ± 294

b-Carotene (lg) 2340 ± 1492 2106 ± 1422

b-Cryptoxanthin (lg) 71 ± 50 69 ± 52

Lycopene (lg) 1070 ± 811 1057 ± 817

Lutein (lg) 1462 ± 1097 1419 ± 1080

Retinol (lg-RE) 941 ± 599 924 ± 547

Folate (lg) 318 ± 143 317 ± 155

Vitamin C (mg) 123 ± 66 118 ± 68

Vitamin E (mg a-TE) 6.7 ± 3.4 6.8 ± 3.6

Dietary fiber (g) 10.4 ± 4.3 9.7 ± 4.3

From beans (g) 1.8 ± 1.6 1.3 ± 1.3

From fruit and vegetables (g) 4.9 ± 2.4 4.7 ± 2.6

From grain (g) 3.6 ± 2.0 3.6 ± 2.0

Dietary fat (g) 76 ± 37 76 ± 35

Saturated fat (g) 32 ± 16 32 ± 16

Cholesterol (g) 409 ± 222 404 ± 207

Protein (g) 83 ± 33 85 ± 38

Nitrate (mg) 133 ± 78 125 ± 80

Nitrite (mg) 1.1 ± 0.6 1.1 ± 0.5
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