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Summary

Purpose: To determine the risk for malignant primary adult-onset glioma (MPAG) associated with cigarette smoking
and other lifestyle behaviors in a large, multiethnic, managed-care cohort.

Methods: The study population included a cohort of 133,811 subscribers to the Kaiser Permanente Medical Care
Program of Northern California who had received a multiphasic health checkup and questionnaire between 1977
and 1985, were at least 25 years old at their start of follow-up, and had no prior history of benign or malignant brain
tumors. In this cohort, patients were followed for up to 21 years for the development of MPAG.

Results: Risk for MPAG among women increased with increasing packs of cigarettes smoked per day (p-for-
trend = 0.04), adjusting for cigar and pipe smoking, patient age, sex, race, education, alcohol use and coffee
consumption. A similar pattern was not observed for men. Individuals who smoked marijuana at least once a
month, adjusting for cigarette smoking (packs smoked per day) and for the factors noted above, had a 2.8-fold
(CI = 1.3–6.2) increased risk for MPAG. Relative risk for MPAG increased with increasing consumption of coffee
(p-for-trend = 0.05).

Conclusions: Cigarette smoking was associated with an increased risk for MPAG among women but not among
men. Individuals who smoked marijuana at least once a month had an increased risk for MPAG, although no dose-
response relation was observed. Drinkers of >7 cups of coffee per day had a 70% increased risk for MPAG and
smaller risk elevation for lower consumption. Alcohol usage was not associated with an increased risk for MPAG.

Abbreviations: CI – confidence interval; CBT – childhood brain tumors; ICD-9 – International Classification of
Diseases, 9th revision; ICD-O – International Classification of Diseases for Oncology; KPMCP-NC – Kaiser
Permanente Medical Care Program of Northern California; MHC – multiphasic health checkup and questionnaire;
MPAG – malignant primary adult-onset glioma; NAT-2 – N-acetyltransferase 2; RR – relative risk;
SAQ – supplemental alcohol questionnaire; SEER – surveillance, epidemiology and end results; SD – standard
deviation; SSQ – supplemental smoking questionnaire.

Introduction

The estimated number of new brain and other nervous
system cancer cases in the United States in 2003,
based on data from the surveillance epidemiology
and end results (SEER) program, was 18,300 [1],
the majority being adult-onset gliomas. In the same
year, ∼13,100 patients died of these malignancies [1].

Established risk factors for primary malignant brain
tumors include advancing age, male sex, caucasian
race, and exposure to ionizing radiation [2]. Epidemi-
ologic studies of lifestyle behaviors such as tobacco
[3–18] and marijuana [19–27] smoking, alcohol con-
sumption [3,5,6,8,12,14–16,28,29], and coffee drink-
ing [8] either have not addressed brain tumors or have
reported conflicting or negative results.
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The purpose of this study was to determine the
risk for malignant primary adult-onset glioma (MPAG)
associated with cigarette smoking and other lifestyle
behaviors in a large, multiethnic, managed-care
cohort.

Study population and methods

The setting for this study was the Kaiser Permanente
Medical Care Program of Northern California
(KPMCP-NC). Approximately 30% of the general pop-
ulation in the areas served belongs to KPMCP-NC.
The KPMCP-NC membership is ethnically and socio-
economically diverse and reflects the overall popula-
tion of the coverage area, except that it under-represents
the very poor and wealthy, and its members are, on the
average, more highly educated than the underlying
population [30,31].

The initial cohort included 142,085 subscribers to
the KPMCP who had received a multiphasic health
checkup and questionnaire (MHC) between 1977 and
1985, were at least 25 years old at their start of follow-
up (date of MHC), and had no prior history of benign
or malignant brain tumors (International Classification
of Diseases, 9th revision (ICD-9) [32]: 191.X, 192.1,
194.3, 194.4, 225.2, 227.3, 227.4, 237.0, 237.1, 237.5,
237.6). The MHC was a voluntary, comprehensive
health evaluation used by members and their physi-
cians for routine checkups. As part of this checkup,
members completed a self-administered questionnaire
soliciting information about a number of demographic
and lifestyle factors including their sex, race, education,
alcohol use, coffee consumption, and smoking habits.
MHC participants were more likely to be of black race,
better educated, and in better health than other sub-
scribers [31,33]. Separate self-administered smoking
and alcohol questionnaires, designed to collect more
detailed information about type of cigarettes smoked,
marijuana use, and alcohol habits were completed by
a subset of the above subjects. Our analytic data set
consisted of 133,811 (94%) patients with complete
information on smoking history, age, sex, and race, of
whom 105,005 (78%) and 108,019 (81%) also com-
pleted supplemental smoking (SSQ) and alcohol (SAQ)
questionnaires. Information regarding former and cur-
rent cigar and pipe smoking only was collected on
the SSQ, but the number of MPAG events for these
categories were too small for analysis in our multi-
variate models. In order to increase the number of
events and sample size, information for cigar and pipe

smoking was obtained from the main MHC and was
limited to ‘ever versus never’ responses.

Study follow-up began at the time of the subject’s
earliest MHC. Data from a later questionnaire, if avail-
able, was used when information was missing for
smoking status, coffee consumption, alcohol usage, or
race, with follow-up time calculated as if the expo-
sure status were the same at baseline. Patient age was
calculated using month and year of birth from mem-
bership files, and if missing there, from the MHC,
SSQ or SAQ. Subjects were followed until the occur-
rence of a primary malignant glioma (International
Classification of Diseases for Oncology (ICD-O) [34]:
938X/3-948X/3), death, December 31st of their last
membership year, or March 31, 1999, whichever
occurred first. Years with no membership before last
contact were treated as continuous enrollment for com-
putational purposes because evidence shows that very
few cancers would have been missed [35]. The local
KPMCP-NC tumor registry, which reports all can-
cers of members to the SEER program, was used to
identify patients with malignant brain tumors during
their follow-up period. Subjects with pre-study period
brain tumors (see exclusion criteria) from 1971 forward
were identified through computerized hospitalization
records and cancer incidence files. Non-glial brain can-
cers were excluded in our analysis as their numbers are
small, difficult to detect in some cases, and may have
distinctly different risk factors than gliomas.

The Cox proportional hazards model was used to
estimate relative risks (RRs) and 95% confidence inter-
vals (CIs) [36]. Primary multivariate models included
a main effects variable (e.g., cigarettes or marijuana
smoking) and were adjusted for age, sex, race, educa-
tion, alcohol use, coffee consumption, cigar and pipe
smoking, and packs of cigarettes currently or formerly
smoked per day versus never (when cigarette smoking
was not included as the main effect), based on base-
line questionnaires. Risk for MPAG increased linearly
with subject’s age and was adjusted for in the model by
starting the time axis at birth. This resulted in a more
parsimonious model with fewer degrees of freedom.

Post-hoc analyses also were conducted by tumor
site (frontal–parietal region (ICD-9: 191.1, 191.3),
temporal–occipital region (ICD-9: 191.2, 191.4), and
other combined locations (ICD-9: 191.0, 191.5, 191.6,
191.8, 191.9)) and histology (astrocytoma (ICD-O:
94003, 94103, 94113, 94203, 94213), glioblastoma
(ICD-O: 94403), and other combined gliomas (ICD-O:
93803, 93823, 94423, 94503, 94513)). No other tumor
locations (e.g., ICD-9: 191.7) or histologic categories
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(e.g., ICD-O: 93813, 93831-93941, 94003-94013,
94223-94303, 94413, 94433, 94603-94813) were
reported. Ordinal variables were assessed for linear
dose-response effect using a likelihood ratio trend test
(unknown categories excluded). All statistical tests
were two-sided and considered significant at P ≤ 0.05.

Results

The distributions of key study characteristics by current
or former cigarette exposure (packs per day) are shown
in Table 1. Smokers tended to be white, male, young
(<65 years of age), and less educated, consistent with
nationally published data [1].

The maximum follow-up time for the cohort was
21 years, with a mean of 13.2 ± 6.7 (standard devia-
tion (SD)) years. A total of 130 subjects (≥25 years of
age) were diagnosed with MPAG during the follow-up
period. The mean age at diagnosis of the cases was
62.2 ±13.5 (SD) years. Glioblastoma (57.7%) was the
most common histologic type diagnosed, followed by
astrocytoma (23.8%), malignant glioma (10.0%), and
various other combined gliomas (8.5%). MPAG was
most commonly found in the cerebrum (68.5%) and
distributed almost equally between the frontal (27.7%)
and temporal (26.9%) lobes.

The risk for MPAG was elevated in former and
current smokers of cigarettes compared to never smok-
ers of cigarettes (Table 2). With the exception of

Table 1. Key study characteristics by smoking status (packs per day)

Characteristic/ Never (%) >0 to <1 packs (%) 1–2 packs (%) >2 packs (%) Total (%)
smoking exposure1 (n = 65,544) (n = 43,004) (n = 20,557) (n = 4,706) (n = 133,811)

Sex
Female 60.8 52.1 42.9 32.6 54.3
Male 39.2 47.9 57.1 67.4 45.7

Age (years)
25–34 37.5 34.2 29.7 18.0 34.6
35–44 22.4 25.3 27.6 27.6 24.3
45–54 15.4 17.0 19.3 25.3 16.9
55–64 14.5 15.2 16.1 20.7 15.2
≥65 10.2 8.4 7.4 8.5 9.1

Race
Non-white 42.5 45.6 28.4 17.0 40.5

Black 21.5 33.0 21.0 12.3 24.8
Asian 11.7 5.7 3.4 1.9 8.1
Other 9.4 7.0 4.0 2.9 7.6

White 57.5 54.4 71.6 83.0 59.5

Education (years college)
None 31.3 36.2 37.6 38.8 34.1
1–2 22.8 28.2 29.5 29.3 25.8
>2 44.6 34.7 32.3 31.1 39.1
Unknown 1.3 0.9 0.7 0.8 1.0

Alcohol (current, drinks per day)
None 24.5 10.4 9.5 11.9 17.2
1–2 68.4 78.3 71.2 60.1 71.1
3–5 2.7 6.6 12.7 15.6 6.0
≥6 0.5 1.4 3.3 8.5 1.5
Unknown 3.8 3.3 3.3 3.9 3.6

Coffee (past year, cups per day)2

<1 41.6 28.1 19.0 16.4 32.9
1–3 42.8 50.2 42.3 34.0 44.8
4–6 9.6 15.1 25.2 25.9 14.3
≥7 2.1 4.0 11.0 20.7 4.7
Unknown 4.0 2.7 2.6 2.9 3.3

1Packs of cigarettes currently or formerly smoked as of baseline questionnaire.
2Within the past year.
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Table 2. Relative risk for malignant adult-onset glioma by smoking status (N = 133, 811)

Smoking status
level

No. of
events

Univariate Multivariate1

RR [95% CI] p-Wald test RR [95% CI] p-Wald test

Tobacco
Cigarettes

Never 51 1.0 — 1.0 —
Ever 79 1.6 [1.1–2.3] 0.01 1.4 [1.0–2.1] 0.07

Former 45 1.6 [1.1–2.4] 0.02 1.3 [0.9–2.0] 0.19
Current 34 1.6 [1.1–2.5] 0.03 1.6 [1.0–2.5] 0.06
Packs per day

>0 to <1 52 1.7 [1.1–2.5] 0.01 1.6 [1.1–2.4] 0.02
1–2 15 1.0 [0.6–1.9] 0.88 0.8 [0.5–1.5] 0.51
>2 12 3.2 [1.7–6.0] <0.01 2.3 [1.2–4.5] 0.02

p-for-trend 0.013 p-for-trend 0.183

Type2

Filtered 32 1.6 [1.0–2.5] 0.05 1.4 [0.8–2.2] 0.20
Unfiltered 10 1.2 [0.6–2.4] 0.57 0.8 [0.3–1.7] 0.61
Regular (85 mm) 24 1.5 [1.0–2.5] 0.08 1.2 [0.7–2.0] 0.47
King-size (100 mm) 14 1.4 [0.8–2.6] 0.24 1.1 [0.6–2.1] 0.68
Long 4 1.2 [0.4–3.3] 0.75 1.1 [0.4–3.0] 0.91
Mentholated 8 1.2 [0.6–2.5] 0.63 1.2 [0.5–2.5] 0.71
Plain 34 1.5 [1.0–2.4] 0.05 1.2 [0.7–1.9] 0.49

Cigars (current)
No 123 1.0 — 1.0 —
Yes 6 1.5 [0.7–3.4] 0.35 1.5 [0.6–3.5] 0.37
Unknown 1 0.3 [0.0–2.4] 0.27 0.9 [0.0–16.1] 0.93

Pipes (current)
No 127 1.0 — 1.0 —
Yes 2 0.5 [0.1–2.1] 0.37 0.3 [0.1–1.4] 0.12
Unknown 1 0.3 [0.0–2.1] 0.22 0.4 [0.0–7.5] 0.54

Marijuana2

Never 60 1.0 — 1.0 —
Ever 9 2.2 [1.1–4.7] 0.03 1.9 [0.9–4.0] 0.10

Frequency
Less than once a month 1 0.7 [0.1–5.2] 0.74 0.6 [0.1–4.4] 0.61
At least once a month 8 3.3 [1.5–7.3] <0.01 2.8 [1.3–6.2] 0.01

Unknown 24 1.0 [0.7–1.7] 0.85 1.3 [0.8–2.2] 0.33
p-for-trend 0.033 p-for-trend 0.083

1Multivariate models included a smoking status variable adjusting for cigars, pipes, sex, race, alcohol, education, and coffee, as of
baseline questionnaire. When the main effect was not cigarette smoking, the cigarette smoking variable in multivariate analysis
had the following four categories: never smokers (reference), and current or former smokers of >0 to <1, 1–2, and >2 packs per
day. Age served as the time axis. Other variable levels are shown in column 1 of Table 1 and were controlled as dummy variables.
2Restricted to subjects who completed the subsample detailed smoking questionnaire (n = 105,005).
3Likelihood ratio trend test.

unfiltered cigarettes, a small positive risk was observed
for each type of cigarette smoked (e.g., filtered, regu-
lar (85 mm), king-sized (100 mm), long, mentholated,
plain), although all CIs included one. Ever smokers
of marijuana had a 1.9-fold elevated risk for MPAG
compared to never smokers of marijuana, adjusting for
cigarette smoking (packs smoked per day). Individuals
who smoked marijuana once a month or more fre-
quently had a 2.8-fold increased risk compared to

never smokers of marijuana. Within this group, none
of the subjects who reported daily smoking of mari-
juana (n = 2,823) had a brain tumor. However, there
were four MPAG cases among subjects who reported
smoking marijuana weekly (n = 6,002), yielding
RR = 3.2 (CI = 1.1–9.2). Also, among subjects who
reported smoking marijuana monthly (n = 4,699),
four developed a brain tumor, yielding RR = 3.6
(CI = 1.3–10.2). Only one subject developed a brain



61

Table 3. Relative risk for malignant adult-onset glioma by other key study exposures (N = 133, 811)

Exposure
level

No. of
events

Univariate Multivariate1

RR [95% CI] p-Wald test RR [95% CI] p-Wald test

Sex
Female 55 1.0 — 1.0 —
Male 75 1.7 [1.2–2.5] <0.01 1.6 [1.1–2.3] 0.01

Race
Non-white2 28 1.0 — 1.0 —
White 102 1.8 [1.2–2.8] <0.01 1.7 [1.1–2.6] 0.02

Education (years college)
None 54 1.0 — 1.0 —
1–2 27 1.2 [0.7–1.9] 0.52 1.1 [0.7–1.8] 0.64
>2 48 1.6 [1.1–2.4] 0.02 1.5 [1.0–2.2] 0.05
Unknown 1 0.5 [0.1–3.8] 0.52 0.6 [0.1–4.3] 0.61

p-for-trend 0.023 p-for-trend 0.063

Coffee (past year, cups per day)
<1 27 1.0 — 1.0 —
1–3 58 1.2 [0.7–1.9] 0.51 1.1 [0.7–1.8] 0.70
4–6 30 1.9 [1.1–3.2] 0.02 1.6 [0.9–2.8] 0.08
≥7 10 2.1 [1.0–4.4] 0.05 1.7 [0.8–3.6] 0.17
Unknown 5 1.2 [0.5–3.0] 0.75 1.4 [0.5–3.6] 0.54

p-for-trend 0.013 p-for-trend 0.053

Alcohol (current, drinks per day)
None 26 1.0 — 1.0 —
1–2 89 1.2 [0.8–1.9] 0.39 0.9 [0.6–1.4] 0.60
3–5 10 1.5 [0.7–3.1] 0.29 0.9 [0.4–1.9] 0.70
≥6 1 0.7 [0.1–5.1] 0.72 0.4 [0.1–2.8] 0.35
Unknown 4 0.9 [0.3–2.6] 0.83 0.8 [0.3–2.2] 0.61

p-for-trend 0.443 p-for-trend 0.433

Beer (past year)4

No 42 1.0 — 1.0 —
Yes 38 1.2 [0.8–1.9] 0.34 1.0 [0.6–1.6] 0.96
Unknown 21 1.0 [0.6–1.7] 0.95 0.8 [0.1–7.3] 0.84

Wine (past year)4

No 23 1.0 — 1.0 —
Yes 57 1.2 [0.7–1.9] 0.54 0.8 [0.5–1.4] 0.48
Unknown 21 1.0 [0.6–1.9] 0.91 0.8 [0.1–7.0] 0.84

Liquor (past year)4

No 22 1.0 — 1.0 —
Yes 58 1.5 [0.9–2.4] 0.13 1.3 [0.8–2.3] 0.27
Unknown 21 1.2 [0.7–2.2] 0.49 2.2 [0.2–19.4] 0.48

1Multivariate models included the indicated exposure variable adjusting for cigarettes, cigars, pipes, sex, race, education, alcohol,
and coffee. The cigarette variable in the multivariate analysis had the following four categories: never smokers (reference), and
current or former smokers of >0 to <1, 1–2, and >2 packs per day. Age served as the time axis. Other variable levels are shown
in column 1 of Table 1 and were controlled as dummy variables.
2Black, Asian, and Other.
3Likelihood ratio trend test (unknown category excluded).
4Restricted to subjects who completed the subsample detailed alcohol questionnaire (N = 108,019).

tumor among patients who reported smoking marijuana
less frequently than once a month (n = 5,768).

Relative risk was elevated for men compared with
women, and for whites compared with non-whites
(Table 3). RR for MPAG increased with increasing

consumption of coffee (p-for-trend = 0.05). A slightly
positive but non-statistically significant risk (RR =
1.3) for MPAG was observed among drinkers versus
non-drinkers of hard liquor. However, risk was not
elevated among drinkers of beer or wine.
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Table 4. Multivariate RR for malignant adult-onset glioma by cigarette smoking status and indicated exposure level

Exposure
level

Multivariate (packs per day)1 p-value2

(trend test)
None >0 to <1 1–2 >2

RR RR [95% CI] RR [95% CI] RR [95% CI] —
Age (years)

<553 1.0 1.8 [1.0–3.3] 1.0 [0.5–2.2] 1.8 [0.7–4.8] 0.42
≥554 1.0 1.4 [0.8–2.5] 0.6 [0.2–1.6] 2.8 [1.1–7.1] 0.35

Sex
Female 1.0 1.7 [0.9–3.1] 1.8 [0.8–4.1] 3.0 [0.9–10.6] 0.04
Male 1.0 1.4 [0.9–2.4] 0.4 [0.2–1.0] 1.9 [0.9–4.2] 0.93

Race
Non-white5 1.0 1.6 [0.7–3.7] 0.8 [0.2–3.6] No events —
White 1.0 1.6 [1.0–2.5] 0.8 [0.4–1.6] 2.6 [1.3–5.1] 0.14

Education (years college)
None 1.0 1.0 [0.5–2.0] 0.9 [0.4–2.2] 3.8 [1.6–9.3] 0.09
1–2 1.0 4.0 [1.5–10.3] 0.7 [0.1–3.5] 1.1 [0.1–9.3] 0.97
>2 1.0 1.5 [0.8–2.9] 0.9 [0.4–2.3] 1.7 [0.5–5.9] 0.58

Alcohol (current)
No 1.0 2.6 [1.0–6.6] 1.7 [0.5–6.7] 5.5 [1.3–23.1] 0.04
Yes 1.0 1.3 [0.8–2.0] 0.6 [0.3–1.2] 1.5 [0.7–3.3] 0.91

Coffee (past year, cups per day)
Rarely or never (<1) 1.0 0.8 [0.3–2.2] 0.4 [0.0–2.9] 5.5 [1.7–17.7] 0.25
Daily (≥1) 1.0 1.9 [1.2–3.0] 1.0 [0.5–2.0] 1.9 [0.8–4.4] 0.24

1Multivariate models were adjusted for cigarettes, cigars, pipes, sex, race, education, alcohol, and coffee. The cigarette variable
in the multivariate analysis had the following four categories: never smokers (reference), and current or former smokers of >0 to
<1, 1–2, and >2 packs per day. Age served as the time axis. Other variable levels are shown in column 1 of Table 1 and were
controlled as dummy variables.
2Likelihood ratio trend test.
3Number of events = 63.
4Number of events = 67.
5Black, Asian, and other.

Increased risk for MPAG associated with increasing
packs of cigarettes smoked per day was observed for
women (Table 4). A similar pattern was not observed
among men, although the risk for MPAG was elevated
for smokers in the >0 to <1 and >2 packs per day
group. A decreased risk was observed among male
smokers of 1–2 packs per day; however, the CI for this
RR included unity. Risk for MPAG among non-drinkers
was elevated for all smoking levels. Except for subjects
in the 1–2 years of college group, risk for MPAG was
consistently elevated (RR ≥ 1.5) among smokers of
>2 packs of cigarettes per day for all strata shown in
Table 4.

There was no linear trend of increasing risk associ-
ated with increasing packs per day for any histologic
type or any anatomic site, with the exception of the
frontal–parietal region of the brain (Table 5). However,
patients with frontal–parietal tumors in comparison to
other sites were 1.9-fold (CI = 0.9–3.9) more likely to
be women.

Discussion

The contribution of the current analysis differs from
most other studies of adult-onset brain tumors in that we
conducted a follow-up study of non-diseased persons,
rather than retrospectively estimating risk in a case-
control design. Our study represents the only cohort
study to date of active cigarette smoking in a well-
defined population that examined the risk for MPAG by
age group, sex, race, education, alcohol consumption,
and coffee drinking. Furthermore, no other published
studies to our knowledge have addressed the rela-
tionship between marijuana smoking and MPAG. The
results of our study suggest a modestly increased risk
for MPAG among coffee drinkers, users of marijuana,
and female smokers.

Several factors may have affected the results of
this study and should be considered when interpreting
these observations. All exposures in this study were
defined according to information collected at cohort



63

Table 5. Multivariate RR for malignant adult-onset glioma by cigarette smoking status (packs per day), histology and site category

Category Multivariate (packs per day)1 p-value2

(trend test)
None >0 to <1 1–2 >2

No. of events RR RR [95% CI] RR [95% CI] RR [95% CI] —
Histology

Astrocytoma2 31 1.0 1.7 [0.7–3.9] 1.1 [0.4–3.5] 2.6 [0.7–9.9] 0.31
Glioblastoma3 75 1.0 1.6 [1.0–2.7] 0.5 [0.2–1.3] 2.2 [0.9–5.1] 0.57
Other glioma4 24 1.0 1.3 [0.5–3.4] 1.6 [0.5–5.4] 1.7 [0.2–14.2] 0.38

Site
Frontal–parietal5 50 1.0 1.5 [0.8–2.9] 1.8 [0.8–4.0] 2.7 [0.9–8.3] 0.06
Temporal–occipital6 39 1.0 2.5 [1.2–5.1] 0.6 [0.2–2.1] 1.9 [0.5–7.1] 0.74
Other location7 41 1.0 1.1 [0.5–2.2] 0.3 [0.1–1.2] 2.3 [0.8–6.5] 1.0

1Multivariate models were adjusted for cigarettes, cigars, pipes, sex, race, education, alcohol, and coffee. The cigarette variable
in the multivariate analysis had the following four categories: never smokers (reference), and current or former smokers of >0 to
<1, 1–2, and >2 packs per day. Age served as the time axis. Other variable levels are shown in column 1 of Table 1 and were
controlled as dummy variables.
2ICD-O: 94003, 94013, 94113, 94203, 94213.
3ICD-O: 94403.
4ICD-O: 93803, 93823, 94423, 94503, 94513.
5ICD-9: 191.1, 191.3.
6ICD-9: 191.2, 191.4.
7ICD-9: 191.0,191.5, 191.6, 191.8, 191.9.

entry, some of which may have changed over the study
follow-up period (e.g., smoking history, education,
alcohol use, and coffee consumption). Our inability to
correct for the cessation or adoption of lifestyle behav-
iors that may have occurred more or less frequently
among the exposed compared to unexposed after base-
line could have resulted in an under- or over-estimation
of the true association between MPAG and these behav-
iors. However, ascertainment of baseline exposures
does not appear to have been influenced by disease
status, as a 1-year lagged analysis did not substantively
change our results. Smoking history was unknown for
4.7% of patients in our initial cohort. Patients who did
not report their smoking histories were significantly
older (mean age = 47.1 vs. 43.4, p < 0.01) and more
frequently men (50.6% vs. 45.8%,p < 0.01) compared
to responders. Non-response bias due to the relatively
small amount of missing smoking data probably had
little if any effect on our findings.

Some misclassification of disease status may have
occurred due to the presence of undetected or under-
reported cancer. Benign brain tumors occasionally can
have a destructive clinical course indistinguishable
from malignant tumors, and when not histologically
confirmed, may have been incorrectly classified [37].
However, members of the KPMCP-NC have equal
assess to medical care including modern radiographic
methods. A few cancers reported outside of the Kaiser

plan may have been missed in our study. However,
surveillance for cancer by the Kaiser system is quite
complete, with only 4.4% of cancers missed by not
linking to SEER data [35].

The small number of outcome events for cigar and
pipe smoking in our multivariate models may have
resulted in some residual confounding with respect
to cigarette and marijuana smoking. However, our
multivariate models converged successfully and results
appear stable when compared to univariate results. The
possibility exists that our inclusion of missing data
as a separate indicator variable in our models may
have introduced some bias into the other RR estimates.
However, all our models are based on the same ques-
tionnaire sample size and any underlying bias should
be consistent across models.

While some individuals only had one MHC exami-
nation, others returned one or more times to the Kaiser
health care plan following periods of non-membership.
Follow-up time was calculated as the time from first
enrollment to end of membership (e.g., periods of non-
membership were not subtracted from follow-up time,
but were treated as continuous enrollment). However,
our study results likely were unaffected by this cal-
culation, as the percentage of total years of follow-up
that were missing was minimal and the missing data
was almost evenly distributed among never (0.01%),
former (0.01%), and current (0.02%) smokers. Further,
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the percentage of the cohort that had years with no
membership before last contact did not substantively
vary by smoking status, with numbers ranging from the
low to mid twenties for never (21%), former (22%),
and current (25%) smokers.

The main strength of this study lies in its retro-
spective cohort design, multiethnic population, large
size, and long follow-up time. Case-control studies
of MPAG are subject to recall bias, as cases may be
more or less likely to report accurately compared with
controls.

The existence of a cancer registry increased the
likelihood that diagnosed malignant glioma cases were
identified and pathologically confirmed. Eighty-six
percent of cases were biopsied and histologically typed.
The remaining cases were classified using radiographic
methods in conjunction with clinical history. Metastatic
brain cancer usually is distinguishable from primary
glioma because it typically presents as multifocal
lesions within the brain parenchyma, with two-thirds
of patients having a known underlying primary tumor,
usually with metastatic disease at other sites [38].
Although none of the non-biopsied cases had a history
of lung cancer either prior to or following their diag-
nosis of glioma, we can not rule out the possibility of
lung metastases to the brain, which might increase the
apparent risk for MPAG in cigarette smokers. However,
reanalysis of our data with the non-biopsied cases
removed did not materially change any of our conclu-
sions. Additional review of the medical records of the
12 patients with glioma who had smoked two or more
packs of cigarettes per day showed no evidence of lung
cancer. Nine had a tissue diagnosis of primary glioma
and three were diagnosed by imaging only.

Several plausible explanations may account for our
result showing a negative association for MPAG among
male smokers of 1–2 packs of cigarettes per day.
Misclassification of smokers in the >2 packs per day
group as non-smokers could yield a RR below unity for
smokers in the 1–2 packs group. However, we have not
observed a comparable effect for other smoking-related
cancers in this data set. Neither, have we observed evi-
dence of greater numbers of smokers of 1–2 packs
per day ceasing to smoke after baseline due to efforts
aimed at reducing smoking. A negative association,
for the 1–2 pack subgroup, also was observed when
current and former smokers (at baseline) were ana-
lyzed separately. This association does not appear to
be related to a differential response of current versus
former smokers, stratified by the number of packs of
cigarettes smoked per day. The result could be due

to chance or data error, although the latter is unlikely
given our careful validation of data collection, com-
puter coding, and statistical analysis. A long induction
period for MPAG could explain the observed effect
if follow-up time was insufficient for subjects in the
1–2 packs group. However, follow-up time was similar
among the different smoking groups.

The positive dose–response relationship between
cigarette smoking and MPAG observed in our study
for female smokers may be due to chance. However,
a causal relationship is conceivable. For example,
(a) cigarette smoke and condensate contain many
carcinogenic compounds that can be absorbed in the
lungs and transported throughout the body via the blood
[39–46], (b) cigarette smoking has been positively
associated with cancers of the lung, upper respira-
tory and digestive tracts, lower urinary tract, and
pancreas [41], (c) smoking increases the levels of
certain sex hormones and sex hormones have been
shown to promote tumor progression in animal studies
[47–48], (d) females are more susceptible to a variety
of immunological disorders [49], which may be signi-
ficant when considering that smoking affects immuno-
logical function and immunological factors impact on
brain cancer [38,40,50–52], (e) the risk for smoking-
related cancers of the esophagus, lung, and oral cavity
have been observed in some studies to be higher in
women compared to men [53–55], and (f) women have
been reported to develop a relatively greater number
of second primaries following smoking-related cancers
of the esophagus, kidney, lung, and urinary bladder
[56]. Furthermore, women may be more susceptible
to tobacco smoke carcinogens than men in terms of
a greater frequency for specific mutations in the p53
[57] and K-RAS [58] genes; an increased concentra-
tion of carcinogen adducts in smoking affected tissue
[59]; an elevated expression of certain enzymes in the
cytochrome p-450 family involved in the conversion of
polycyclic hydrocarbons, nitrosamines, and aromatic
amines to carcinogenic intermediates [60,61]; and a
reduced capacity for DNA repair [62].

In a review of all studies known to us conducted
over the past 30 years that examined the direct asso-
ciation between cigarette smoking and adult brain
tumors, nine reported non-significant RRs less than
or equal to 1.2 (range = 0.6–1.2) [3–11], and six
reported non-significant RRs greater than 1.2 (range =
1.2–1.8) [12–17], with respect to never smokers. Only
2 [13,17] of 10 studies [6,8–14,16,17] that exam-
ined dose-response reported that risk increased with
increasing amount smoked. Two studies that addressed
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passive smoking among non-smoking women reported
a positive association with brain tumors [11,14].
However, one of these studies [11] reported no asso-
ciation between active smoking and brain tumor risk.
Among male smokers of unfiltered cigarettes, Lee et al.
[16] observed that brain tumor patients had smoked
this type of cigarette almost twice as long as controls
(p = 0.04). Blowers et al. [11] reported an RR =
1.3 among smokers for ever having smoked unfiltered
cigarettes.

Similar to results reported in the adult brain tumor
literature, several studies have addressed the associa-
tion between exposure to tobacco smoke and childhood
brain tumors (CBT) and have reported negative or
equivocal findings [63–70]. However, some studies
have observed an elevated risk. For example, Cordier
et al. [71] observed that childhood exposure to tobacco
smoke was associated with a significant increase in
risk for brain tumors (OR = 2.3, CI = 1.1–4.6) and
that the risk to children who had in utero exposure
to tobacco smoke was 50% higher compared to unex-
posed children, although the latter association was not
statistically significant. Examining the role of mater-
nal smoking prior to and during the index pregnancy,
Gold et al. [72] observed a 5-fold greater risk for
CBT compared with controls, although the number
of subjects involved was small. A cohort study by
Neutel and Buck [73] reported a increased risk for CBT
(RR = 1.6, CI = 0.56–4.6) among children of mothers
who smoked during pregnancy. Schuz et al. [74] in a
German population-based case-control study, observed
an increased risk (OR = 4.71, CI = 1.69–13.1) for
ependymomas in children of mothers who smoked
>10 cigarettes per day during pregnancy.

Regarding the exposure to passive smoking, John
et al. [75] reported an elevated risk for CBT (OR = 1.9,
CI = 0.9–4.2) among children whose father smoked
during the year prior to their birth, in the absence of
maternal smoking. A greater than 2-fold elevated risk
for CBT (OR = 2.2, CI = 1.1–4.5) among children
of a non-smoking mother exposed to passive smoke
during pregnancy was reported in a case-control study
by Filippini et al. [76]. Similarly, a statistically ele-
vated risk for CBT among children of fathers who
smoked during their gestation was observed in stud-
ies by McCredie et al. [77] (OR = 2.2, CI = 1.2–3.8)
and Preston-Martin et al. [78] (OR = 1.5, one-
sided p = 0.03). In a related study of early life
exposure to paternal smoking, Sandler et al. [79]
reported an elevated risk for adult brain tumors
(RR = 2.3, CI = 0.9–6.0) among offspring whose

father smoked during their gestation or during their
childhood.

To our knowledge the current study represents the
first cohort analysis of the association between active
cigarette smoking and incidence of MPAG in a general
population. A cohort study of passive smoking reported
a significant elevated risk for brain tumors among
non-smoking women whose husbands smoked [18].
Another cohort study conducted among largely non-
smoking and non-drinking Seventh-Day Adventists
failed to find a positive association between cigarette
smoking and the incidence of brain tumors [7]. A cohort
study of mostly adult white male veterans followed for
16 years found no association between either current
or former smoking history and deaths from cancer of
the brain [80]. Interestingly, results of the latter study
closely matched our results when we restricted our
analysis to white men (never smoker: RR = 1.0; ever
smoker: RR = 1.1, CI = 0.6–1.8; current smoker:
RR = 1.2, CI = 0.6–2.3; former smoker: RR = 1.0,
CI = 0.6–1.8).

A causal relationship between marijuana smoking
and MPAG is also plausible. Marijuana smoke and
tar, like tobacco, contain a variety of carcinogenic
compounds including nitrosamines, vinyl chlorides,
phenols, aldehydes, reactive oxygen species, and
polycyclic aromatic hydrocarbons, some of which
(e.g., benzo(a)pyrene and benz(a)anthracene) occur in
concentrations up to 75% higher than in tobacco [81].
An equivalent weight marijuana joint deposits four
times as much tar in the respiratory tract of an individ-
ual as a filtered tobacco cigarette in part to the higher
smoking temperature (mainly due the loose manner in
which marijuana is packed when rolled into a cigarette),
the typical manner of smoking (e.g., deep inhalation,
large puff volume, and long breathholding time), and
the lack of a filter in the joint [19,81].

To our knowledge, no published studies have
addressed the relationship between marijuana smok-
ing and brain tumors. However, some epidemiologic
studies of marijuana smoking have found an increased
risk for other cancers including head and neck [19–21]
and respiratory tract [22,23], while others have found
no overall association with cancer incidence at any site
[24]. An association between maternal marijuana use
and childhood cancer has been reported in offspring for
non-lymphoblastic leukemia [25], astrocytoma [26],
and rhabdomyosarcoma [27]. Our result showing a
positive association between marijuana smoking (at
least once a month vs. never) and MPAG is subject
to interpretation, given the small number of cases in
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the ‘at least once a month’ group and the high per-
centage of cases (26%) that failed to report marijuana
smoking status. While cases that did not report mar-
ijuana smoking status were approximately the same
age at baseline (mean age = 52.9 vs. 51.9) as respon-
ders, non-responder cases were more frequently male
(66.7% vs. 33.3%, p < 0.01). However, our multivari-
ate model was adjusted for patient sex.

Under normal circumstances, the brain may not
be vulnerable to carcinogens found in tobacco or
marijuana smoke when delivered in the quantities or
manner in which smoking exposure is imparted [82].
However, hypertension, viral and bacterial infection,
ischemic lesions, physical trauma, changes in osmotic
pressure of cerebral blood supply, and other disease
states may reduce the efficiency of the blood–brain
barrier in restricting these substances from entering the
brain [83–85]. Tobacco and marijuana smoking-related
carcinogens also may potentially enter the brain via
the intranasal pathway, which bypasses the blood–brain
barrier [86,87]. Furthermore, the carcinogenic effects
of smoking may be due to immunologic or hormonal
factors not influenced by the blood–brain barrier.

Our finding of a significant dose-response trend
between increasing amounts of coffee consumption and
MPAG has not been previously reported in the literature
and requires confirmation. Only one [8] of 17 studies
[3–18,28] in our review of primary adult-onset brain
tumors reported results specifically for coffee drink-
ing, and this study found no association (RR < 1.3)
for all levels of consumption. Coffee contains various
polycyclic aromatic hydrocarbons which are known
carcinogens [88]. For example, benzo(a)pyrene, a
compound produced in the coffee roasting process,
may act as a co-carcinogen with carcinogens found
in tobacco smoke [88,89]. Benzo(a)pyrene has been
shown to induce brain tumors when directly injected
in the brain of experimental animals [90], and animals
exposed to benzo(a)pyrene manifest p53 mutations
exhibiting G : C to T : A transversions, which have
been linked to many smoking-related cancers [91].
Furthermore, the extracting agent trichloroethylene,
known to be carcinogenic in animal studies [92–94],
was once widely employed in decaffeination of coffee
[95]. However, our study did not differentiate between
drinkers of caffeinated versus decaffeinated coffee.

Our results are consistent with previously published
studies that have found a null or inverse associa-
tion between alcohol consumption and brain tumor
risk [3,5,6,8,12,14–16,28], except for two case-control
studies [5,13] reporting a positive association between

wine drinking and brain tumors, and one retrospec-
tive cohort study reporting a significantly elevated risk
for brain tumor deaths among alcoholic versus non-
alcoholic World War II veterans [29]. Our findings
may be due to chance or imprecision given that risk
did not significantly decrease with increasing alcohol
usage and CIs included unity for all levels of alcohol
usage. Further, we do not know of any established bio-
logic mechanism that can explain an inverse association
between alcohol usage and MPAG.

The interpretation of previous studies of
cigarette smoking and the risk for brain tumors
have been limited by the use of non-population
based controls (e.g., hospital, friend, neighbor)
[3,4,6,8,9,12,13,15,17] or proxy respondents
[3,5,8,10,13–17]; small sample size [4,5,7,11,12];
potential recall, selection, or misclassification bias
[3–6,8–17]; incomplete or missing information on
smoking status, amount smoked, type of cigarette
smoked, and time of smoking exposure [3–18]. In
other cases, the use of restricted populations has pre-
vented the generalization of results to the population at
large [4,7,8,11,17,18]. We attempted to minimize the
number and impact of the above issues by employing
a multivariate, retrospective cohort design in a large,
multiethnic, managed-care population and our results
may better reflect the true association of smoking with
risk for MPAG.

In conclusion, given the modest effects observed in
the current study and our lack of understanding of how
certain lifestyle factors such as cigarette and marijuana
smoking, coffee consumption and alcohol usage might
cause or prevent MPAG, we need further evidence on
the consistency of an association in different popula-
tions and data on the reversibility of an effect. A simple
association between lifestyle behaviors and MPAG is
unlikely to emerge and future research will need to
address these important issues. Notwithstanding such
research, our study provides evidence of an elevated
risk for MPAG among participants who smoked mar-
ijuana at least once a month and a dose-response
association between MPAG and coffee consumption
overall and for cigarette smoking among females.
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