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Abstract

Objective: Glioma is the most common primary malig-
nant brain tumor in adults, responsible for 75% of
adult primary malignant brain tumors, yet aside from
its association with ionizing radiation, its etiology
is poorly understood. Sex differences in brain tumor
incidence suggest that hormonal factors may play a role
in the etiology of these tumors, but few studies have
examined this association in detail. The objective of
this study was to explore the role of reproductive fac-
tors in the etiology of glioma in women. Method: As
part of a population-based case-control study, histolog-
ically confirmed primary glioma cases (n = 341 women)
diagnosed between January 1, 1995 and January 31, 1997
were identified through clinics and hospitals in four
Midwest U.S. states. Controls (n = 527 women) were ran-
domly selected from lists of licensed drivers and Health

Care Finance Administration enrollees. In-person inter-
views with subjects (81%) or their proxies (19%) collect-
ed reproductive history and other exposure information.
Results: Glioma risk increased with older age at men-
arche (P for trend = 0.009) but only among postmeno-
pausal women. Compared with women who never
breast-fed, women who breast-fed >18 months over
their lifetime were at increased risk of glioma (odds
ratio, 1.8; 95% confidence interval, 1.1-2.9). Women who
reported using hormones for symptoms of menopause
had a decreased risk of glioma compared with women
who never used such hormones (odds ratio, 0.7; 95%
confidence interval, 0.5-1.1). Conclusion: These results
support the hypothesis that reproductive hormones
play a role in the etiology of glioma among women.
(Cancer Epidemiol Biomarkers Prev 2004;13(10):1583-8)

Introduction

Sex differences in brain tumor incidence suggest that
hormonal factors may play a role in the etiology of these
tumors. The incidence of glioma is ~ 1.5 times greater in
men than in women, whereas the incidence of menin-
gioma is 1.5 times greater in women than in men (1).
The overall objective of the current study, a case-control
study of glioma in four Midwest U.S. states, was to inves-
tigate rural and farming-related exposures; a secondary
objective was to explore reproductive factors, including
use of exogenous hormones, in the etiology of glioma in
women.

Glioma is the most common primary malignant brain
tumor in adults, responsible for 75% of adult malig-
nant primary brain tumors (2), yet aside from its asso-
ciation with ionizing radiation (3), its etiology is poorly
understood. Several studies have described the sex dif-
ferences in glioma incidence. In the United States, the
male excess of glioma, apparent even during childhood
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and adolescence, increases with age (1). McKinley et al.
(4), studying glioblastoma multiforme incidence in New
York State in 1970 to 1995, reported that the protection
afforded by being female does not emerge until ages
10 to 14 years, coinciding roughly with the onset of
menstruation; is maximal at ages 50 to 54 years, when the
incidence of glioblastoma multiforme in females is 50%
of that in males; and seems to diminish later in
life. Preston-Martin (5) found similar sex differences in
analyses of glioma incidence among Blacks, Spanish-
surnamed Whites, other Whites, and Asians/other
groups in Los Angeles County in 1972 to 1985. Although
data on international variation in glioma incidence are
not readily available, variations in total brain tumor inci-
dence largely reflect differences in glioma, and a similar
pattern of male predominance is seen throughout the
world (6). Age-specific incidence patterns of glioma in
men and women in Sweden are nearly identical to those
observed in the United States (7). The persistence of the
sex difference across ethnic groups and in international
comparisons suggests that intrinsic rather than environ-
mental factors that differ between men and women are
responsible. Such factors could be related to a protective
effect of female hormones or to a deleterious effect medi-
ated by male hormones.

No prior study has comprehensively examined the
relationship between reproductive factors and the risk
of glioma including use of exogenous hormones, breast-
feeding, menstrual cycle patterns, menopausal status,
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and the cumulative number of menstrual cycles over the
lifetime prior to diagnosis. We evaluated the possible as-
sociation between different aspects of reproductive his-
tory and primary brain glioma among women in a large
case-control study conducted in four Midwest U.S. states.

Materials and Methods

Study Design and Subjects. The Upper Midwest
Health Study is a population-based case-control study of
primary glioma among residents of nonurban counties
in Jowa, Michigan, Minnesota, and Wisconsin. Details of
the design of this study have been described elsewhere.®
Briefly, cases were identified through a network of clin-
ics and hospitals in the four states. Eligible cases were
ages 18 to 80 years with newly diagnosed primary intra-
cranial glioma (International Classification of Diseases for
Oncology codes 938-948) between January 1, 1995 and
January 31, 1997 and were residents in nonurban areas
of the states. Controls were randomly selected from
lists of licensed drivers and from Health Care Finance
Administration rolls of the states and frequency matched
using the glioma distribution by sex and age at diagno-
sis during a 3-year period (1989-1992) in the four study
states. The nonurban residence criterion applied to cases
at the time of diagnosis and to controls at the time of
control selection. Cases or controls with a prior malig-
nancy other than a glioma were not excluded. The study
was approved by the National Institute for Occupational
Safety and Health Human Subjects Review Board and the
institutional review boards from all participating insti-
tutions and was conducted in accordance with subsec-
tion (m) of the Privacy Act of 1974 (5 U.S.C. 552a) and
Section 308(d) of the Public Health Service Act (42 U.S.C.
242m) to safeguard individuals and establishments
against invasions of privacy. All participants signed an
informed consent on enrollment.

Data Collection. Between January 1995 and September
1998, trained staff conducted in-home interviews with
participants or with proxies if the participant was
deceased or incapacitated. The interview collected
detailed information on demographic factors, residential
history, occupational history, lifestyle factors, family
history, and menstrual/reproductive history. Informa-
tion was collected on potential risk factors through
January 1993. This date was used as a cutoff date because
more recent exposures may not be as relevant to etiology
and the date represented the beginning of a new pres-
idential term, a life event that respondents likely would
recall. Menstrual and reproductive events included age
at first menstrual period, age at last menstrual period,
reason why periods stopped, periodicity of menstrual
cycles (nearly always regular, generally regular, or ir-
regular), history of infertility, number of pregnancies and
outcome of each, and length of time each child was
breast-fed. Information about the use of exogenous hor-
mones, the reason(s) for use, the starting date, and total

8 A.M. Ruder et al. The Upper Midwest Health Study: a case-control study
of primary intracranial brain gliomas among rural residents. Farm
residence and glioma, submitted for publication.

duration of use was also obtained. Twins or triplets (1%
of all pregnancies) were counted as single births. Age at
last birth was analyzed among all births as well as among
women with two or more births.

A woman was considered postmenopausal if she
reported natural menopause or hysterectomy with a bi-
lateral oophorectomy before 1993. Women who reported
hysterectomy without bilateral oophorectomy and who
were ages >55 years in 1993 were also considered to be
postmenopausal. Age 55 years was chosen because 90%
of the study population had reached natural menopause
by this age. Women who could not recall their exact age
at menarche or menopause were asked to select an age
range as an alternative. For these women, the midpoint
of the age range was used as the estimated age for the
event. This estimation method was used for age at men-
arche in 76 participants (9.7%) and for age at menopause
in 61 participants (12.2 %).

A variable for lifetime menstrual activity, “‘menstrua-
tion months,” was created as a crude estimate of cumu-
lative exposure to endogenous female hormones. This
variable was calculated as the total number of months
between the age at first menstrual period and the age at
last menstrual period (or age in 1993 if premenopausal),
subtracting 9 months for each live birth, the total numb-
er of months of breast-feeding, and the total number of
months of oral contraceptive use. If any of the component
variables was missing, then menstruation months were
considered missing for that individual.

Statistical Analysis. Estimates of association between
reproductive factors and glioma were made using un-
conditional logistic regression models, which generated
odds ratios (OR) and 95% confidence intervals (95% CI).
Natural cut points rather than percentiles were used to
form categories. A variable was considered a confounder
if removal of the variable from the model resulted in a
change in the p estimate for the variable of interest of
>15%. All estimates were adjusted for a quadratic effect
of age in 1993. Statistical analyses were conducted using
SAS software version 8.0 (8). All results were conducted
both including and excluding proxy respondents. All
statistical tests were two sided.

Results

Participation rates and characteristics of nonparticipants
for the study overall are provided elsewhere.® In brief,
the study included 873 eligible cases and 1,670 eligible
controls. Of these, 799 cases or their proxies (92%) and
1,175 controls (70%) participated. Of 1,115 eligible
women, 868 women or their proxies agreed to participate
in the study (91% of cases and 72% of controls). Of these,
341 were histologically confirmed glioma cases and 527
were controls. Among participants, 57% of cases and 97%
of controls were direct respondents and the remainder
was proxy respondents. The majority of proxy respon-
dents were spouses (56%). Table 1 provides demographic
characteristics of study participants. Cases were, on
average, younger than the controls (P < 0.0005). Cases
were more likely than controls to have a first-degree
relative with brain cancer (P = 0.003) when proxy
respondents were included. Controls were more likely
than cases to be postmenopausal as of 1993 (P = 0.06,
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Table 1. Selected characteristics of women in the Upper Midwest Health Study (age adjusted)

Including proxies

Excluding proxies

Cases Controls P Cases Controls P
(n = 341) (n = 527) (n = 195) (n = 513)

Age in 1993 (y; mean * SD) 52.0 + 16.1 559 + 159 0.0005 46.1 + 154 55.5 + 15.8 <0.0001
State of residence (%)

Iowa 223 27.1 0.08 24.1 26.1 0.58

Michigan 334 25.2 31.3 25.3

Minnesota 19.7 22.0 21.0 224

Wisconsin 24.6 25.6 23.6 26.1
Type of glioma (%)

Glioma 5.6 6.7

Astrocytoma 27.4 27.8

Glioblastoma 53.1 43.3

Oligodendroglioma 13.0 20.6

Medulloblastoma /primitive 0.9 1.6

neuroectodermal tumor
Body mass index (kg/m?* mean % SD) 25.0 £52 24.8 + 4.5 0.63 252 +53 249 + 45 0.59
White (%) 98.2 98.5 0.97 98.5 98.6 0.93
Education (y; %)

<12 15.3 14.8 0.37 8.7 14.2 0.90

12-15 69.4 71.4 73.3 715

>16 15.3 13.8 18.0 14.2
Ever married (%) 91.8 93.4 0.75 89.2 93.2 0.36
First-degree relative with brain cancer (%) 7.0 31 0.003 32 3.0 0.62
Postmenopausal in 1993 (%) 47.7 66.3 0.06 36.6 65.7 0.02

NOTE: All statistical tests were two sided and P values were based on age-adjusted analyses.

including proxies). Other characteristics such as body
mass index, race, education, and marital status were
similar between cases and controls. In multivariate
analyses, only age and menopausal status were deter-
mined to be important confounding variables.

Table 2 provides age-adjusted risk estimates for
glioma and age at first menstruation, which was depen-
dent on menopausal status. Cases were more likely than
controls to have a later age at menarche (P for trend =
0.009 for model including proxies) but only among post-
menopausal women. In this group, cases were 1.6 times
more likely than controls to experience menarche after
age 14 years. A total of 69 women (64 cases and 5

controls) were missing information on menopause and
menarche. Using all the available data, stratified on age
(<55 and >55 years) as a marker of presumed meno-
pausal status, the results were similar but the interaction
term was no longer statistically significant (P = 0.20).
Glioma cases were slightly more likely than controls
to have had a live birth (including proxies, OR, 1.2; 95%
CI, 0.8-2.0; Table 3), but there was no trend with in-
creasing number of live births. Consistent trends in
glioma risk were not observed with age at first or last
(before 1993) live birth. Cases were slightly less likely
than controls to have a history of miscarriage or induced
abortion (including proxies, OR, 0.8; 95% CI, 0.6-1.2).

Table 2. Age at menarche and risk of glioma for women in the Upper Midwest Health Study, adjusted for age

in 1993 and stratified by menopausal status

Including proxy respondents Premenopausal Postmenopausal
Cases Controls Adjusted OR Cases Controls Adjusted OR
(n = 145) (n =177) (95% CI) (n =132) (n = 346) (95% CI)
Age at menarche (y)
<12 23 30 0.91 (0.49-1.68) 9 58 0.48 (0.22-1.01)
12-14 96 117 1.00 70 222 1.00
>14 11 20 0.67 (0.30-1.49) 18 35 1.62 (0.86-3.05)"
Excluding proxy respondents
Cases Controls Adjusted OR Cases Controls Adjusted OR
(n = 123) (n =177) (95% CI) (n =71) (n = 336) (95% CI)
Age at menarche (y)
<12 22 30 1.02 (0.54-1.91) 4 57 0.31 (0.11-0.90)
12-14 82 117 1.00 48 218 1.00
>14 10 20 0.71 (0.31-1.64) 13 35 1.71 (0.83-3.51)f

NOTE: 69 women (64 cases and 5 controls) were missing information on menopausal status.

*P for trend = 0.009.
tP for trend = 0.005.
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Table 3. Reproductive factors and risk of glioma for women in the Upper Midwest Health Study

Including proxies

Excluding proxies

Cases” Controls Adjusted OR Cases Controls Adjusted OR
(95% CI) (95% CI)

Ever had a live birth

No 42 84 1.00 30 83 1.00

Yes 235 438 1.22 (0.77-1.96) 164 430 1.21 (0.69-2.10)
No. live births

0 42 84 1.00 30 83 1.00

1-2 99 158 1.22 (0.74-2.01) 77 156 1.19 (0.66-2.14)

>3 136 280 1.23 (0.74-2.04) 87 274 1.23 (0.67-2.24)
Age at first birth

<20 67 113 1.00 43 112 1.00

20-24 115 237 0.85 (0.58-1.24) 79 233 0.90 (0.57-1.43)

>25 51 88 0.97 (0.60-1.57) 41 85 1.24 (0.71-2.17)
Age at last birth

<25 43 87 1.00 35 87 1.00

25-34 146 242 1.51 (0.96-2.36) 102 236 1.38 (0.83-2.27)

>34 45 109 1.32 (0.76-2.29) 26 109 1.21 (0.63-2.31)
History of miscarriage or induced abortion

No 205 367 1.00 147 362 1.00

Yes 71 155 0.82 (0.59-1.15) 47 151 0.72 (0.48-1.08)
Age at natural menopause

<50 25 114 1.00 17 112 1.00

>50 18 80 1.07 (0.55-2.11) 15 79 1.35 (0.63-2.90)
Type of menopause

Natural 72 218 1.00 44 212 1.00

Bilateral oophorectomy 32 63 1.48 (0.89-2.46) 14 61 1.07 (0.54-2.10)

Unilateral oophorectomy 42 82 1.36 (0.81-2.28) 24 81 0.98 (0.49-1.96)
Regular menstrual cycles at age 18-40 y

No 53 96 1.00 42 95 1.00

Yes 206 417 0.90 (0.61-1.32) 149 409 0.79 (0.51-1.22)
Menstruation months

<330 123 200 1.00 104 200 1.00

331-438 58 170 0.75 (0.48-1.18) 46 166 0.96 (0.57-1.62)

>438 10 65 0.47 (0.21-1.03) 9 64 0.81 (0.35-1.91)
Ever breast-fed a child

No 137 260 1.00 96 256 1.00

Yes 131 247 1.04 (0.77-1.42) 95 242 1.05 (0.73-1.50)
Duration of breast-feeding (mo)

0 137 259 1.00 96 255 1.00

1-3 20 82 0.50 (0.29-0.87) 13 82 0.47 (0.24-0.90)

4-8 21 57 0.71 (0.41-1.25) 16 53 0.75 (0.40-1.43)

9-18 37 54 1.13 (0.69-1.83) 34 54 1.37 (0.81-2.31)

>18 40 49 1.77 (1.08-2.89)" 29 49 1.81 (1.03-3.20)"
Oral contraceptive use

Never 187 394 1.00 128 385 1.00

Ever 72 127 0.83 (0.58-1.20) 63 127 0.93 (0.62-1.39)
Years of oral contraceptive use

<5 35 69 1.00 33 69 1.00

>5 33 51 1.02 (0.53-1.95) 29 51 0.92 (0.47-1.81)
Ever use of hormones for menopausal symptoms

No 218 377 1.00 169 371 1.00

Yes 46 142 0.73 (0.49-1.10) 24 139 0.60 (0.36-0.99)
Total years used hormones for menopausal symptoms

<5 23 67 1.00 14 66 1.00

>5 18 67 0.88 (0.42-1.83) 9 67 0.68 (0.26-1.73)

NOTE: Adjusted for age in 1993, age X age, menopausal status, and age X menopausal status.
*Numbers do not always total to 100% because of missing data.

TP for trend = 0.006.
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Cases were somewhat more likely than controls to have
had surgical menopause but only when proxy respond-
ents were included in the analysis (Table 3). Cases and
controls were equally likely to report having regular
cycles at ages 18 to 40 years, but cases were less likely
than controls to have a high cumulative number of
menstruation months (>438; OR, 0.5; 95% CI, 0.2-1.0;
P for trend = 0.006). The latter finding was not observed
when proxy respondents were excluded from the
analysis.

Glioma cases and controls were equally likely to report
ever breast-feeding a child (OR, 1.04; 95% CI, 0.8-1.4;
Table 3), but cases were more likely than controls to
report breast-feeding >18 months over their lifetime
(including proxies, OR, 1.8; 95% ClI, 1.1-2.9). This trend
was statistically significant (P = 0.006). When breast-
feeding was defined in terms of the average number of
months each child was breast-fed rather than total dura-
tion, the same pattern was observed. The pattern also
remained after adjustment for birth year of the child, in
an attempt to take into account changes in U.S. trends in
breast-feeding (data not shown). Because reproductive
patterns such as breast-feeding may be different in rural
women, we also adjusted for ever living or working on a
farm and ever having had exposure to pesticides; results
were unchanged.

There was little association between the use of oral
contraceptives and glioma risk (Table 3). Cases were less
likely than controls to report using hormones for symp-
toms of menopause (including proxies, OR, 0.7; 95% CI,
0.5-1.1). In the analysis excluding proxy respondents,
cases were ~30% less likely than controls to report using
hormone replacement for menopausal symptoms for >5
years (OR, 0.7; 95% CI, 0.3-1.7).

To examine potential differences in etiology by histo-
logic tumor type, we reanalyzed the data using each of
the four major histology types (glioma, astrocytoma, glio-
blastoma, and oligodendroglioma) as the case group
compared with all controls. Overall, the pattern of results
was the same (data not shown).

Discussion

Few studies have examined reproductive risk factors for
brain tumors or gliomas in women; the only reproductive
factor that has been examined in several studies is parity.
Cohort studies of brain cancer mortality in relation to
parity have shown inconsistent results and are of limited
interest because they include meningiomas and other
types of brain tumors likely to have different hormonal
influences (9-11). A small, population-based case-control
study of gliomas in Germany found no association with
ever experiencing a pregnancy (12). Two other case-
control studies reported that parous women were at
reduced risk of glioma but having more than one child
conferred little or no additional protection (7, 13). For one
of these studies (7), the protective effect of parity was
evident only in women of premenopausal age (<50
years). Age at first birth was unrelated to risk. In a case-
control study of glioma in Australia, parity seemed to be
protective when proxy interviews were excluded (OR,
0.7; 95% CI, 0.3-1.5) but not when they were included
(OR, 1.1; 95% CI, 0.6-2.1; ref. 14).

Overall, we found some suggestion for a role for
reproductive factors in the development of brain cancer.
Inverse associations were found with age at menarche
(among postmenopausal women), menstruation months,
and fewer months of breast-feeding—a pattern of asso-
ciations that may be seen as the reverse of that observed
for breast cancer (15). The use of hormone replacement
therapy, which has been found to increase the risk of
breast cancer (16), was associated with a decreased risk
for glioma in our study. On the other hand, we saw little
evidence for an association with parity or age at first
birth, two established risk factors for breast cancer. The
patterns we observed are consistent with a protective
effect of female reproductive hormones on risk of glioma
as suggested by the differences in sex-specific incidence
rates.

The association with age at menarche differed between
premenopausal and postmenopausal women and the
proportion of premenopausal women among cases was
higher than the proportion of premenopausal women
among controls. The difference in menopausal status
between cases and controls is primarily explained by
their differing age distributions, because cases were more
likely than controls to reach natural menopause at age
>50 years. Unlike breast cancer, it has not been previ-
ously apparent that risk factors for brain cancer may
differ for premenopausal and postmenopausal cases.
Only one prior study (7) made an attempt to examine
differences in glioma risk by menopausal status, finding
a protective effect of parity only among women of pre-
menopausal age (<50 years). We found that increasing
age at menarche was associated with glioma only among
postmenopausal women. For breast cancer, it has been
difficult to clearly elucidate the potential biological
mechanism that underlies the patterns in risk observed
by menopausal status. For brain cancer, it is even more
difficult to speculate on the underlying biology that may
explain these patterns.

Our finding that cases were more likely than controls
to report breast-feeding for a long period of time was
unexpected. However, as has been pointed out by other
authors, it is difficult to disentangle the effects of a spe-
cific reproductive risk factor, such as breast-feeding,
from the effects of other aspects of childbearing. For
example, women breast-feed only after bearing a child,
and the earlier they begin childbearing, the more
children they have and the longer their duration of
breast-feeding (17). The fact that the association with
breast-feeding has been so difficult to discern for breast
cancer despite extensive study (17, 18) emphasizes the
importance of caution in interpreting the results of a
single study showing this association for brain cancer.

If the association between duration of breast-feeding
and risk of brain cancer is confirmed in subsequent
studies, hypothesized mechanisms may be similar to
those advanced for the protective effect of breast-feeding
on breast cancer risk, including the hypothesis that lacta-
tion causes long-term endogenous hormonal changes,
possibly reduced estrogen and increased prolactin
production decreasing a woman’s cumulative exposure
to estrogen, or the role of breast-feeding in delaying
the reestablishment of ovulation (18-21). In considering
the possible mechanism for a more specific association
between brain cancer and breast-feeding, a direct role for
oxytocin and/or prolactin might also be considered.
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Prolactin has been shown to cross the blood-brain
barrier, and levels of prolactin in the cerebrospinal fluid
are reported to parallel serum levels (22). In addition
to its role in regulating mammary gland growth and
lactation, prolactin is reported to stimulate cell growth in
astrocytes (23).

Strengths of our study include the large number of
histologically confirmed primary gliomas and the use of
population-based controls. Exclusion of other brain ma-
lignancies, such as meningiomas, which are more com-
mon in women and have a suspected hormonal etiology,
eliminated the variability associated with studying mul-
tiple cancer types. However, our study also had several
limitations. Because controls were selected based on the
age distribution of gliomas in the 3 years preceding the
study, controls were, on average, older than the cases,
necessitating age adjustment in all analyses. The age
difference also meant that cases were less likely to have
reached menopause by the end of the study period,
necessitating adjustment for menopausal status as well in
the analysis of reproductive risk factors. Missing infor-
mation on age at menopause and age at menarche
reduced the number of women (by #n = 69) for whom the
menstruation months variable could be calculated.
Another limitation of the study is the collection of
data for over 40% of the cases from proxy respondents.
However, with the exception of the results for the
variable menstruation months, the overall pattern of
associations was the same for the models including
and excluding proxy respondents. Although women
were asked to recall pregnancy-related events that
occurred decades earlier, studies have shown that most
events, including breast-feeding duration, are accurately
recalled (24).

In conclusion, this study provides suggestive evidence
that hormones related to female reproductive function
may be associated with brain cancer risk and highlights
the importance of considering female reproductive
history in studies of the etiology of brain cancer.
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