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Abstract Glioblastoma multiforme (GBM) is the most

common adult primary malignant brain tumor. Ninety per-

cent of adult GBM patients die within 24 months after

diagnosis. The etiology of GBM is unknown. The Honolulu

Heart Program (HHP) and Honolulu-Asia Aging Study

(HAAS) are prospective, cohort studies of cardiovascular

and neurodegenerative disease based on 8,006 Japanese–

American men followed since 1965. The Japan Hawaii

Cancer Study provides data on incident cancer cases in the

HHP/HAAS cohort. We used data from these studies to

obtain epidemiologic information about GBM. GBM cases

were identified by searching the 1965–1998 databases using

International Classification of Diseases (ICD-9) codes. Nine

histologically confirmed GBM cases, 58–80 years old, were

identified. The incidence rate was 6.2/100,000 person–years.

Records of each case were reviewed. Selected variables from

the first three examinations (1965–1968; 1968–1970;

1971–1974) were used to identify potential candidate GBM

risk factors. A multivariate Cox proportional hazards model

showed sugar intake and occupational exposure to carbon

tetrachloride were independently and significantly associated

with development of GBM.
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Introduction

Glioblastoma multiforme (GBM) is the most common

adult primary malignant brain tumor with a peak incidence

between 55 and 84 years of age [1]. Fifty percent of adult

GBM patients die within 10–12 months after diagnosis.

Approximately 10 % of adult patients survive 24 months

after diagnosis [2]. The causes of most glioblastomas are

unknown. Established risk factors include inherited genetic

syndromes and therapeutic ionizing radiation but account

for only a small fraction of cases [3].

Analytic epidemiologic studies of glioblastoma compare

the risk of developing GBM in persons with and without

certain characteristics (cohort studies) or compare the his-

tories of persons with and without GBM (case–control

studies) to identify possible risk factors including lifestyle

habits, environmental and occupational exposures to toxic

agents, genetic factors and infections. Cohort studies are

preferred because they ensure exposure occurs before dis-

ease develops and permit risk estimates based on exposure

status. Accrual of statistically robust numbers of cases for a

cohort study of GBM risk factors, however, is time con-

suming and difficult because the tumor is relatively rare.

Most epidemiologic studies of GBM are case–control

studies. Accrual of adequate numbers of cases is quicker in

these studies. Interpretation of data from case control

studies is more difficult because of potential problems such
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as recall bias, difficulty in selecting an unbiased control

group, and lack of adequate exposure information.

The Honolulu Heart Program (HHP) is a prospective

cohort study of cardiovascular disease based on the island

of Oahu, Hawaii that began in 1965 with enrollment of

8,006 men of Japanese ancestry living on the island of

Oahu, Hawaii. Research on neurodegenerative diseases of

aging began in 1991 with establishment of the Honolulu-

Asia Aging Study (HAAS). Data on incident cancer cases

in the cohort is provided by the Japan Hawaii Cancer

Study. We used the HHP/HAAS database to investigate the

incidence of GBM in this population and identify potential

GBM risk factors.

Materials and methods

Study population

The HHP/HAAS is a cohort study of cardiovascular disease

and aging among 8,006 men of Japanese ancestry who

were born between 1900 and 1919 and were 45–68 years of

age at the time of their initial examination between 1965

and 1968. The cohort was identified through selective

service records from World War II, and men were located

through searches of telephone, business, and state agency

records. Of the estimated 14,426 men born in 1900–1919

and believed to be residents of Oahu, 11,148 were located;

8,006 completed the baseline examination [4]. Thus the

study population represents over 70 % of the target

population.

Glioblastoma multiforme

Since the initial examination (1965–1968), the cohort has

been followed through a series of six follow-up examina-

tions performed in 1968–1970; 1971–1974; 1991–1993;

1994–1996; 1997–1999; and 1999–2000. In addition to the

periodic examinations the cohort is followed through rig-

orous surveillance of hospital admissions and records,

obituaries in local newspapers, and death certificates.

Deaths are ascertained by daily review of newspaper

obituaries, telephone calls to relatives, mortuaries, hospi-

tals, and the medical examiner’s office and searches of the

National Death Index (NDI). The Japan-Hawaii Cancer

Study provides information on incident cancer cases in the

cohort through surveillance of hospital discharge records

on Oahu and through links with the Hawaii Tumor Registry

for cases in other parts of the state. Information on par-

ticipants living on the mainland is obtained from local

relatives, interviews during island visits of participants, and

the NDI, Out-migration from Oahu has been less than one

per 1,000 per year and only five participants have been lost

to follow-up. The final cause of death is determined by an

expert panel of three physicians based on all available

information obtained from follow-up examinations, sur-

veillance of hospital discharge records, autopsy reports,

and death certificates. Protocol autopsies are obtained on

approximately 25 % of cohort deaths.

All primary and secondary CNS tumors were identified

through searching the entire cohort database for the years

1965–1998 using International Classification of Diseases

(ICD 9) codes for oncology. The original records of each of

these cases were reviewed by one of the authors (JSN) to

identify cases of GBM.

Risk factors

Selected variables from the first three examinations

(1965–1968; 1968–1970; and 1971–1974) were used to

identify potential candidate GBM risk factors. These

examinations included questionnaires that provided basic

demographic, occupational and socioeconomic data, med-

ical history, and lifestyle factors including usual physical

activity, smoking habits, alcohol intake, and dietary habits

[5]. Specific questions that were available included whether

they ever had chest surgery, any blood transfusion and

recurrent herpes. Other procedures included an electro-

cardiogram, grip strength assessment, pulmonary function

testing, blood measurements including hematocrit, glucose

(1-h post 50-gram load), cholesterol, and triglycerides,

seated blood pressure determination, and various anthro-

pometric measures such as height, weight, and subscapular

and triceps skinfold thickness. Self-reported weight gain

from age 25 was also ascertained. Separate evaluation of

each man’s diet was carried out by a dietician, using the

24-hour recall method [6]. A common food grouping sys-

tem was used to estimate nutrient composition. Dietary

data were also validated by repeat 24 h recall interviews

and 7-day dietary records in a subset of 329 men examined

2 years later [7].

Occupational exposure data were available from the

entire cohort based on information collected at the first and

third examinations. Participants were asked what their

present and usual jobs were and how many years they

worked in these jobs at both examinations. Their jobs were

assigned two three-digit occupation and industry codes

according to the U.S. Bureau of the Census [8]. All unique

occupation/industry combinations were identified and

independently assessed by three industrial hygienists for

the likelihood of exposure to pesticides (insecticides, her-

bicides and fungicides), metals (manganese, mercury and

iron) and solvents (carbon tetrachloride and carbon disul-

fide) [9, 10]. Likelihood of exposure was assigned by

consensus as none, low, medium, and high. An intensity

score was calculated by multiplying the likelihood of
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exposure by the number of years worked. Usual occupation

was used in these analyses.

Statistical analysis

Follow-up for incident GBM among the 8,006 men

occurred over the approximate 30-year period from the

time of study initiation through the end of 1998. Incidence

of GBM was calculated using person–years of follow-up.

Participants were considered at risk of developing GBM

from the date of their initial examination until onset of this

disease for cases and date of death, date lost to follow-up or

the end of the follow-up period for non-cases. Corre-

sponding 95 % confidence interval (CI) for incidence of

GBM was computed assuming the number of cases

(events) follows a Poisson distribution. Data analysis

included comparing mean values of selected continuous

variables for GBM cases and non-cases; comparing per-

centages of participants with a specified variable in GBM

cases and non-cases by levels of selected categorical

variables; and computing GBM incidence rates and asso-

ciated 95 % CIs by categories of selected variables. The

Wilcoxon rank sum test was used to compare the distri-

bution of continuous variables between GBM cases and

non-cases, while the Fisher’s exact test was used to com-

pare categorical variables. Due to small sample size (GBM

cases) exact P values were preferred. Instead the Monte

Carlo method was used to obtain an empirical P value that

approximates the exact P value without relying on

asymptotic distributional theory or exhaustive enumera-

tion. The GENMOD procedure in SAS was used to esti-

mate incidence rates of glioblastoma and associated 95 %

CI by assuming a Poisson distribution and specifying

person–years at risk as the offset. Exact logistic regression

analysis relating GBM to each potential risk factor was

performed to obtain exact p-values which were later used

to assess the linear trend in incidence rates of GBM across

categories of the predictor variables [11]. A multivariate

analysis to estimate hazard ratio (HR) associated with each

risk factor was performed using the Cox proportional

hazards regression model.

Results

GBM incidence

Nine participants, 58–80 years of age at diagnosis (mean

age = 66.8 years), developed GBM during the follow-up

period between 1974 and 1995. All cases were confirmed

by histological examination. Average age at death was

67.6 years for GBM cases and 77.6 years for non-GBM

cases. All tumors were supratentorial. The incident GBM

cases occurred during 144,405 person–years of follow-up,

yielding an overall incidence rate of 6.2 per 100,000 per-

son–years (95 % CI = 2.8–11.8).

Risk factors

Comparisons of participants who developed GBM and did

not develop GBM revealed several characteristics that

differed significantly or were of borderline significance

(Table 1). Participants developing GBM were significantly

more educated and more likely to have a usual job that

involved high carbon tetrachloride exposure. Although

differences were of borderline statistical significance,

compared with participants who did not develop GBM,

those who developed GBM gained twice as much weight

since age 25 (10.6 vs. 20.9 lbs), had larger triceps skinfold

thickness (8.0 vs. 10.0 mm), consumed a greater percent-

age of calories from carbohydrate (46.4 vs. 53.3 %) and a

1.5-fold greater amount of sugar in the diet (45.2 vs.

70.0 g), and reported more frequent chest surgery (0.9 vs.

11.1 %) and blood transfusion (13.7 vs. 37.5 %), respec-

tively. No significant differences were observed for age,

body mass index, physical activity index, recurrent herpes

labialis, smoking, total calories, coffee and tea consump-

tion, and level of solvent exposure at one’s usual job. In

addition, no differences were found for pesticide or metal

exposure at work (data not shown).

Incidence rates of GBM are presented in Table 2 across

levels of categorical variables and across tertiles of con-

tinuous variables that reached significant or borderline

significant levels. Although tests for trend tended not to be

significant for most of the continuous variables, incidence

rates increased with increasing tertiles of triceps skinfold

and percentage of calories from carbohydrate, decreased

with increasing coffee consumption, or were highest in the

highest tertile of weight gain from age 25 and dietary

intake of sugar. Incidence rates tended to be higher in those

who had a technical or university education. Although the

number of participants was limited, incidence rates were

significantly elevated in those who had chest surgery, a

blood transfusion and a usual job that involved exposure to

medium or high levels of carbon tetrachloride. Results

using the composite intensity score based on level and

duration of usual job exposure to carbon tetrachloride were

similar (data not shown).

Results from a multivariate Cox proportional hazards

model are shown in Table 3. Age, education, triceps

skinfold thickness, coffee and tea consumption, chest sur-

gery, and having a blood transfusion were not indepen-

dently associated with development of GBM. Dietary sugar

intake and a usual job that involving high carbon tetra-

chloride exposure were independently associated with risk

of GBM. A 10 g increase in dietary intake of sugar was
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associated with a 15 % increase in the risk of GBM

(HR = 1.15, 95 % CI = 1.00–1.32) after adjusting for

other variables in the model. Having a job with high carbon

tetrachloride exposure was also independently associated

with a significantly elevated risk of developing GBM. For

the latter potential risk factor, wide confidence intervals

reflect some instability.

Discussion

Based on US Central Brain Tumor Registry data, glio-

blastomas account for 18.5 % of reported brain tumors.

They represent approximately 1.42 % of all primary

malignant cancers expected to be diagnosed in the United

States in 2007. The US age-adjusted incidence rate for all

reported glioblastomas is 3.09 cases per 100,000 person–

years [1]. GBM incidence is higher in males than in

females, 3.94 versus 2.38 [1, 3]. The incidence rate for

GBM in this study of 6.2 per 100,000 person–years is lower

than that reported for US men and women in the 65–74 year

age group (12.47 per 100,000 person–years) [1, 12, 13].

Comparable data from Japan are limited. One study reports

an age-adjusted incidence rate of 2.8/100,000 person–years

for Japanese men over the age of 70 years [14]. The mean

age at diagnosis was 67 years in this study which was

similar but slightly older than the average of 64 years

reported for men and women combined in the US [1].

The only established risk factors for glioblastoma are

ionizing radiation and certain inherited genetic disorders

[3]. A number of other possibilities have been explored

including, but not limited to, occupational exposures,

infectious agents, medications, head trauma, blood trans-

fusion, surgery, anesthesia, and lifestyle factors such as

diet, however, the evidence for their role as GBM risk

factors is inconclusive [3, 12, 13, 15, 16, 17].

Table 1 Characteristics of

incident glioblastoma

multiforme cases and non-cases,

1965–1974

Note Values are means (SD) or

percentages
a Assessed at Exam I

(1965–1968) except for the

following: chest surgery and

blood transfusion (Exam II,

1968–1970), recurrent herpes

(Exam III, 1971–1974), and

occupational exposure (Exam I,

1965–1968 and Exam III,

1971–1974)
b Based on Monte Carlo

estimates for the Wilcoxon rank

sum test for continuous

variables and Fisher’s exact test

for categorical variables

Characteristicsa GBM cases (n = 9) Non-cases (n = 7997) P valueb

Age, years 52.8 (2.9) 54.5 (5.6) 0.584

Education, % 0.038

\High school 33.3 51.0

High school 22.2 34.7

Technical 22.2 4.0

University 22.2 10.4

Weight gain from age 25, lbs 20.9 (20.6) 10.6 (17.8) 0.096

Body mass index, kg/m2 24.7 (2.9) 23.8 (3.1) 0.341

Triceps skinfold, mm 10.0 (3.8) 8.0 (3.4) 0.084

Physical activity index 311.4 (31.1) 328.1 (45.4) 0.286

Current smoking, % 22.2 43.8 0.315

Total calories 2301.1 (736.1) 2273.6 (738.9) 0.934

Calories from carbohydrate, % 53.3 (13.8) 46.4 (11.0) 0.081

Sugar, g 70.0 (47.5) 45.2 (36.8) 0.097

Coffee-4 oz 3.0 (3.0) 3.4 (3.2) 0.770

Tea-4 oz 2.4 (3.4) 1.8 (2.3) 0.895

Chest surgery, % 11.1 0.9 0.080

Blood transfusion, % 37.5 13.7 0.085

Recurrent herpes, % 12.5 16.0 1.000

Usual job included solvents, % 0.300

None 55.6 48.6

Low 11.1 30.6

Medium 0.0 6.4

High 33.3 14.5

Usual job included carbon tetrachloride, % 0.008

None 77.8 74.5

Low 0.0 22.9

Medium 11.1 1.9

High 11.1 0.8
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Although this study has a relatively small number of

incident GBM cases and resultant statistical power is low,

results indicate that at least two variables are worthy of

further investigation, intensity of carbon tetrachloride

exposure and dietary levels of glucose. A usual job with

medium or high exposure to carbon tetrachloride was

independently associated with development of GBM;

examples of such occupations included dry cleaners, fire-

men, chemists, machinists, and radio/TV repairmen. The

association of carbon tetrachloride and other chlorinated

aliphatic hydrocarbons has been reported previously [18].

An epidemiologic investigation showed elevated brain

cancer mortality was associated with cumulative exposure

to chlorinated hydrocarbons [19]. Dietary factors have been

associated with cured meat consumption and low intake of

foods high in vitamin C [20, 21]. Consumption of caffei-

nated beverages, especially coffee and tea, has been asso-

ciated with a reduced risk of glioma [22, 23]. Although we

observed a slight inverse trend of decreasing incidence

with increasing coffee intake, neither coffee nor tea con-

sumption was independently associated with GBM inci-

dence. The biological basis for a possible association of

high levels of dietary glucose with GBM risk is uncertain.

Glucose and other reducing sugars in foods react with

asparagine and other amino acids also in foods during

cooking especially at temperatures above 120 �C to form

acrylamide [24, 25]. Female rats given acrylamide in the

drinking water have an increased incidence of tumors

including CNS tumors [26]. On the basis of animal studies

acrylamide is considered by the WHO as a probable human

Table 2 Incidence rates of glioblastoma by levels of selected characteristics, 1965–1998

Characteristica Level No. of cases/

no. of subjects

at risk

Person–years

at risk

Rate per

100,000

person–years

95 % CI P valueb

Education \High school 3/4,077 97,172 3.1 0.6–9.0 0.137

High school 2/2,773 70,526 2.8 0.3–10.2

Tech or Univ 4/1,153 29,414 13.6 3.7–34.8

Wt gain from age 25, lbs -81–2 2/2,613 60,859 3.3 0.4–11.9 0.192

3–18 2/2,737 69,166 2.9 0.4–10.5

19–98 5/2,565 65,099 7.7 2.5–17.9

Triceps, mm 1–6 1/2,896 70,789 1.4 0.04–7.9 0.073

7–8 3/2,240 55,907 5.4 1.1–15.7

9–32 5/2,865 70,454 7.1 2.3–16.5

Calories from CHO, % 0–41.8 1/2,662 65,686 1.5 0.04–8.5 0.055

41.9–51.0 3/2,683 66,772 4.5 0.9–13.1

51.1–96.9 5/2,656 64,595 7.7 2.5–18.0

Sugar, g 0–23.9 2/2,645 61,882 3.2 0.4–11.7 0.043

24.0–53.2 2/2,693 67,167 3.0 0.4–10.8

53.3–337.1 5/2,668 68,151 7.3 2.4–17.1

Coffee-4 oz 0 2/1,287 31,936 6.3 1.57–25.04 0.721

1–3 5/3,733 90,926 5.5 0.27–113.3

C4 2/2,986 74,337 2.7 0.09–76.37

Tea-4 oz 0 5/3,770 92,081 5.4 2.3–13.0 0.430

1-3 2/2,502 61,459 3.3 0.26–40.29

C4 2/1,734 43,659 4.6 0.37–56.73

Chest Surgery No 8/7,385 185,555 4.3 1.9–8.5 0.042

Yes 1/68 1,536 65.1 1.7–362.6

Blood transfusion No 5/5,837 153,109 3.3 1.1–7.6 0.050

Yes 3/929 22,996 13.0 2.7–38.1

Usual job included medium or high No 7/7,782 191,469 3.7 1.5–7.5 0.012

CCL4 exposure Yes 2/212 5,421 36.9 4.5–133.2

a Assessed at Exam I (1965–1968) except for the following: chest surgery and blood transfusion (Exam II, 1968–1970), and occupational

exposure (Exam I, 1965–1968 and Exam III, 1971–1974)
b Tests for linear trend in incidence rates for continuous variables and differences in incidence rates for dichotomous variables using exact

logistic regression
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carcinogen. The link between acrylamide and human can-

cer, however, is unproven and the oncogenic risk of dietary

acrylamide is controversial [27].

Although some studies have reported associations

between infectious agents and GBM [28, 29], we did not

observe an association with self-reported recurrent herpes

infection. We observed an elevated incidence of GBM in

those who reported a blood transfusion which could be

linked with an increased likelihood of exposure to infec-

tious agents, diagnostic radiation or exposure to anesthesia

in a hospital setting. However, this association with blood

transfusion was not independent of other potential risk

factors. Although chest surgery was associated with bor-

derline statistical significance in the current study and

others have suggested this could be related to halogenated

hydrocarbons found in anesthesia [12, 30, 31] chest surgery

was relatively rare in this population (0.8 %) and associ-

ated GBM confidence intervals for the incidence rates were

therefore imprecise.

Limitations of this study include the small number of

participants who developed GBM and the resultant insta-

bility of hazard ratio estimates for some risk factors.

Adjustment for multiple comparisons was not made given

that the objective was to generate hypotheses. Some mis-

classification of occupational exposure is possible due to

changes in a job over time; however, there was a high

degree of concordance (89–99 %) between job related

exposure estimates available at the first and third examin-

ations. If exposure misclassification were present, it is

likely this would have been non-differential and thus would

have minimized the associations observed. Competing

risks for mortality may have made it more difficult to

identify potential risk factors. In addition, since this study

was not initially designed to identify risk factors for this

cancer, risk factors that could be important may not have

been ascertained.

Strengths of this study include its prospective design, the

large sample size of at risk individuals, histologic confir-

mation of all GBM cases, and population-based investi-

gation of a relatively homogeneous sample. Ascertainment

of all cases of GBM was enhanced because of the com-

prehensive surveillance, review of detailed hospital

records, tumor registry reports, and autopsy reports, and

assessment of underlying cause of death. Baseline risk

factors were measured before onset of clinical disease

providing estimates of risk based on exposure status that

would not be influenced by recall bias.

Conclusion

In this long-term prospective epidemiologic study of Jap-

anese–American men the incidence rate of glioblastoma

multiforme was 6.2 per 100,000 person–years. Dietary

Table 3 Hazard ratios for risk

of glioblastoma, 1965–1998

a Hazard ratios and 95 % CIs

are determined from a

multivariate Cox proportional

hazards model and are based on

a 10-unit change in the

continuous independent

variables

Potential risk factor Hazard ratioa 95 % CI P value

Age, years 0.55 0.11–2.69 0.459

Education, %

\High school 1.00

High school 0.78 0.13–4.76 0.786

Tech or university 2.62 0.49–13.90 0.258

Triceps skinfold, mm 2.26 0.36–14.11 0.384

Sugar, g 1.15 1.00–1.32 0.046

Coffee-4 oz

0 1.00

1–3 1.83 0.21–16.25 0.589

C4 0.89 0.08–10.02 0.924

Tea-4 oz

0 1.00

1–3 0.79 0.14–4.47 0.789

C4 1.21 0.22–6.76 0.827

Chest surgery, % 8.60 0.86–85.92 0.067

Blood transfusion, % 3.79 0.80–18.06 0.094

Usual job included carbon

tetrachloride, %

None 1.00

Low or medium 0.62 0.07–5.44 0.669

High 26.59 2.90–243.50 0.004
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intake of sugar and having a usual job with medium or high

carbon tetrachloride exposure were identified as factors

independently associated with its development.

Acknowledgments This work is supported by the National Insti-

tutes of Health (National Heart, Lung, and Blood Institute contract

N01-HC-05102 and National Institute on Aging contract N01-AG-4-

2149) and by the National Institute for Occupational Safety and

Health (contract HELD 00B0060). The findings and conclusions in

this report are those of the authors and do not necessarily represent the

views of the National Institute for Occupational Safety and Health.

References

1. CBTRUS (2008) Statistical report: primary brain tumors in the

United States. The Central Brain Tumor Registry of the United

States, Chicago

2. Laws ER, Parney IF, Huang W, Anderson F, Morris AM, Asher

A, Lillehei KO, Bernstein M, Brem H, Sloan A, Berger MS,

Chang S (2003) Survival following surgery and prognostic fac-

tors for recently diagnosed malignant glioma: data from the

Glioma Outcomes Project. J Neurosurg 99:467–473

3. Wrensch M, Minn Y, Chew T, Bondy, Berger MS (2002) Epi-

demiology of primary brain tumors: current concepts and review

of the literature. Neuro-Oncology 4:278-299

4. Worth RM, Kagan A (1970) Ascertainment of men of Japanese

ancestry in Hawaii through World War II selective service reg-

istration. J Chronic Dis 23:389–397

5. Yano K, Reed DM, McGee DL (1984) Ten-year incidence of

coronary heart disease in the Honolulu Heart Program: relation-

ship to biologic and lifestyle characteristics. Am J Epidemiol 119:

653–666

6. Tillotson JL, Kato H, Nichaman MZ, Miller DC, Gay ML,

Johnson KG, Rhoads GG (1973) Epidemiology of coronary heart

disease and stroke in Japanese men living in Japan, Hawaii, and

California: methodology for comparison of diet. Am J Clin Nutr

26:177–184

7. McGee D, Roads G, Hankin J, Yano K, Tillotson J (1982)

Within-person variability of nutrient intake in a group of

Hawaiian men of Japanese ancestry. Am J Clin Nutr 36:657–663

8. U.S. Bureau of the Census (1971) Alphabetical Index of Indus-

tries and Occupations. 1970 Census of Population. US Govern-

ment Printing Office, Washington, DC

9. Abbott RD, Ross GW, White LR, Sanderson WT, Burchfiel CM,

Kashon M, Sharp DS, Masaki KH, Curb JD, Petrovitch H (2003)

Environmental, life-style, and physical precursors of clinical

Parkinson’s disease: recent findings from the Honolulu-Asia

Aging Study. J Neurol 250(Suppl 3):30–39

10. Charles LE, Burchfiel CM, Fekedulegn D, Kashon ML, Ross

GW, Petrovitch H, Sanderson WT (2006) Occupational expo-

sures and movement abnormalities among Japanese–American

men: the Honolulu-Asia Aging Study (HAAS). Neuroepidemiol

26:130–139

11. Mehta CR, Patel NR (1995) Exact logistic regression: theory and

examples. Statist Med 14:2143–2160

12. Inskip PD, Linet MS, Heineman EF (1995) Etiology of brain

tumors in adults. Epidemiol Rev 17:382–414

13. Wrensch M, Minn Y, Chew T, Bondy M (2004) Intracranial

neoplasms. In: Nelson LM, Tanner CM, Van Den Eeden SK,

McGuire VM (eds) Neuroepidemiology: from principles to

practice. Oxford University Press, New York

14. Kuratsu J, Ushio Y (1997) Epidemiological study of primary

intracranial tumours in elderly people. J Neurol Neurosurg Psy-

chiatry 63:116–118

15. Savitz D, Trichopoulos D (2002) Brain cancer. In: Adami H-O,

Hunter D, Trichopoulos D (eds) Textbook of cancer epidemiol-

ogy. Oxford University Press, New York

16. Thomas TL, Waxweiler RJ (1986) Brain tumors and occupational

risk factors. Scand J Work Environ Health 12:1–15

17. Krishnan G, Felini M, Carozza SE, Miike R, Chew T, Wrensch M

(2003) Occupation and adult gliomas in the San Francisco Bay

Area. J Occup Environ Med 45:639–647

18. Heineman EF, Cocco P, Gomez MR, Dosemeci M, Stewart PA,

Hayes RB, Zahm SH, Thomas TL, Blair A (1994) Occupational

exposure to chlorinated aliphatic hydrocarbons and risk of

astrocytic brain cancer. Am J Ind Med 26:155–169

19. Park RM, Silverstein MA, Green MA, Miner FE (1990) Brain

cancer mortality at a manufacturer of aerospace electrochemical

systems. Am J Ind Med 17:537–552

20. Lee M, Wrensch M, Miike R (1997) Dietary and tobacco risk

factors for adult onset glioma in the San Francisco Bay Area

(California, USA). Cancer Causes Control 8:13–24

21. Blowers L, Preston-Martin S, Mack WJ (1997) Dietary and other

lifestyle factors of women with brain gliomas in Los Angeles

County (California, USA). Cancer Causes Control 8:5–12

22. Michaud DS, Gallo V, Schlehofer B, Tjønneland A, Olsen A,

Overvad K et al (2010) Coffee and tea intake and risk of brain

tumors in the European Prospective Investigation into Cancer and

Nutrition (EPIC) cohort study. Am J Clin Nutr 92:1145–1150

23. Holick CN, Smith SG, Giovannucci E, Michaud DS (2010)

Coffee, tea, caffeine intake, and risk of adult glioma in three

prospective cohort studies. Cancer Epidemiol Biomarkers Prev

19:39–47

24. Mottram DS, Wedzicha BL, Dodson AT (2002) Acrylamide is

formed in the Maillard reaction. Nature 419:448–449

25. Stadler RH, Blank I, Varga N, Robert F, Hau J, Guy PA, Robert

MC, Riediker S (2002) Acrylamide from Maillard reaction

products. Nature 419:449–450

26. Johnson KA, Gorzinski SJ, Bodner KM, Campbell RA, Wolf CH,

Friedman MA, Mast RW (1986) Chronic toxicity and oncoge-

nicity study on acrylamide incorporated in the drinking water of

Fischer 344 rats. Toxicol Appl Pharmacol 85:154–168

27. Mitka M (2002) Fear of frying. Is acrylamide in foods a cancer

risk. JAMA 288:2105–2106

28. Wrensch M, Weinberg A, Wiencke J, Miike R, Barger G, Kelsey

K (2001) Prevalence of antibodies to four herpesviruses among

adults with glioma and controls. Am J Epidemiol 154:161–165

29. Wrensch M, Weinberg A, Wiencke J, Miike R, Sison J, Wiemels

J, Barger G, DeLorenze G, Aldape K, Kelsey K (2005) History of

chickenpox and shingles and prevalence of antibodies to vari-

cella-zoster virus and three other herpes viruses among adults

with glioma and controls. Am J Epidemiol 161:929–938

30. McCredie M, Little J, Cotton S, Mueller B, Peris-Bonet R, Choi

NW, Cordier S, Filippini G, Holly EA, Modan B, Arslan A,

Preston-Martin S (1999) SEARCH international case-control

study of childhood brain tumours: role of index pregnancy and

birth, and mother’s reproductive history. Paediatr Perinat Epi-

demiol 13:325–341

31. Thomas TL, Stolley PD, Stemhagen A, Fontham ET, Bleecker

ML, Stewart PA, Hoover RN (1987) Brain tumor mortality risk

among men with electrical and electronics jobs: a case-control

study. JNCI 79:233–238

J Neurooncol (2012) 109:315–321 321

123



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


	c.11060_2012_Article_895.pdf
	Potential risk factors for incident glioblastoma multiforme: the Honolulu Heart Program and Honolulu-Asia Aging Study
	Abstract
	Introduction
	Materials and methods
	Study population
	Glioblastoma multiforme
	Risk factors
	Statistical analysis

	Results
	GBM incidence
	Risk factors

	Discussion
	Conclusion
	Acknowledgments
	References



