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Abstract
The etiology of brain tumors is still largely unknown. Previous research indicates that infectious
agents and immunological characteristics may influence adult glioma risk. The purpose of our
study was to evaluate the effects of birth order and sibship size (total number of siblings), as
indicators of the timing and frequency of early life infections, on adult glioma risk using a
population of 489 cases and 540 cancer-free controls from the Harris County Brain Tumor Study.
Odds ratios for birth order and sibship size were calculated separately from multivariable logistic
regression models, adjusting for sex, family history of cancer, education, and age. Each one-unit
increase in birth order confers a 13% decreased risk of glioma development in adulthood
(OR=0.87, 95% CI=0.79–0.97). However, sibship size was not significantly associated with adult
glioma status (OR=0.97, 95% CI=0.91–1.04). Our study indicates that individuals who were more
likely to develop common childhood infections at an earlier age (those with a higher birth order)
may be more protected against developing glioma in adulthood. More biological and
epidemiological research is warranted to clarify the exact mechanisms through which the timing of
common childhood infections and the course of early life immune development affect
gliomagenesis.
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INTRODUCTION
Little is currently known about the etiology of brain and other nervous system tumors. The
only established risk factors for glioma, which is the most common type of primary brain
tumor in adults, are family history and exposure to ionizing radiation.1,2 These risk factors
account for a very small percentage of cases. Although previous studies have suggested that
early life viral exposures may play a role in glioma etiology3–7, consistent evidence of such
an association is lacking. Some specific viruses, including polyomaviruses and human
cytomegalovirus, have been isolated from brain tumor tissues.7–11 However, it has also
been hypothesized that the timing and frequency of common early life infections may be
more important than the presence of a particular virus.12,13 This hypothesis implies that the
impact of the infections on immune system development may have greater influence on the
carcinogenic process later in life than cellular effects caused by the presence of the virus. In
fact, immunological indicators, such as immunoglobulin E levels and a history of asthma
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and allergies, have been associated with glioma risk12,14–16, further suggesting that the
effect of immune function and development on carcinogenesis warrants additional
clarification.

According to the hygiene hypothesis, early life infections can be beneficial to the immune
system by promoting a balance between the Th1- and Th2-type immune responses.17–21
Lack of immunological stimulus early in life is thought to create an imbalance toward Th2-
type immunity, which is predominantly responsible for atopic conditions.18 The timing of
exposure is also somewhat correlated with severity of certain viral infections.21 For
example, infections such as mononucleosis or chickenpox tend to be milder when contracted
in early childhood rather than in young adulthood.12,21 Birth order is a frequently used
surrogate for the relative timing of exposure to common childhood infections.12,13,17,20,21
Children who have a higher birth order (i.e. sixth- or seventh-born) are more likely to be
exposed to common childhood infections at a younger age, by way of their older siblings.
17,21 Conversely, children with a lower birth order are less likely to be exposed to the same
infections until they begin attending school, and thus tend to have a longer period of
immunologic isolation early in life, compared to their younger siblings. Similarly, sibship
size (number of siblings) can be used as an indicator of the overall frequency of early life
infections, as family crowding and intimate contact between larger numbers of children can
be correlated with shared exposures to infectious diseases.12,13 Because obtaining accurate
data from adults on the timing and frequency of early life infections is nearly impossible,
these surrogate measures can be employed to explore potentially important relationships
while eliminating the biases inherent to self-reported data.

The only large population-based study examining the surrogate measures of interest in
association with brain tumor etiology was conducted by Altieri et al. using data from the
Swedish Family Cancer Database.12 This study found significant moderate associations
between having three or more younger siblings, compared to none, for different types of
nervous system tumors. The purpose of our study was to utilize birth order and sibship size
to elucidate the impact of the timing and frequency of early life infections on glioma
development in adulthood using a population of 489 cases and 540 cancer-free controls from
the Harris County Brain Tumor Study.

MATERIAL AND METHODS
Study Population and Data Collection

Cases consisted of adults over the age of 18 years with newly diagnosed, histologically-
confirmed glioma (ICD-O-3 codes 9380-9481) identified between January 2001 and January
2006 by hospital physicians in Houston, Texas. Pathology specimens were reviewed by the
study neuro-pathologist to confirm glioma diagnosis. Cancer-free controls were obtained
through a contracting company by random-digit dialing using standard methods22,23, and
were frequency-matched to cases on age (within five years) and sex. The study population
was restricted to non-Hispanic white individuals because we were unable to match on race
(due to the small number of minority participants). Eligibility criteria included the ability to
speak English. The participation rates for both cases and controls were approximately 80%.
Other detailed information on the study population has been reported elsewhere.24 The
study was approved by the M.D. Anderson Cancer Center Institutional Review Board and
written informed consent was obtained from all participants.

Structured questionnaires were used to conduct detailed in-person or telephone interviews
through which data on demographic factors, health characteristics, and familial attributes
were collected. The participants were asked to report their total number of siblings and the
dates of birth of immediate family members. The birth order variable was ascertained by
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ranking each participant’s date of birth compared to their siblings’ reported dates of birth. A
positive family history of cancer was defined as any self-reported cancer in first-degree
relatives (parents, siblings or children).

Statistical Analysis
The distribution of population characteristics was examined by case-control status, using the
χ2 test. The correlation coefficient (Spearman’s rho) between sibship size and birth order
was examined to determine whether it would be appropriate to include both variables in the
same model. The unadjusted associations between total number of siblings, birth order, and
glioma status were assessed in separate univariable logistic regression models (SAS PROC
LOGISTIC). We also conducted a supplementary analysis in which we constructed a
composite variable incorporating both sibship size and birth order (i.e. having more than
three younger siblings) to determine if the combination of these two variables would be
informative in the logistic regression model.

Covariates that were assessed as potential confounders were based on previous literature and
included sex, age at diagnosis, family history of cancer, family history of brain tumor,
season of birth, radiation exposure, highest level of education, birth cohort, and maternal age
at birth. The final logistic regression models were built using a stepwise method, examining
the effect of the addition of each covariate on the parameter estimate of the primary
explanatory variable. A 10% change-in-estimate criterion was utilized to determine whether
there were data-based confounders in the relationship between each primary explanatory
variable and glioma status. If adjustment for a covariate resulted in a less than 10% change
in the parameter estimate of the primary explanatory variable, then the decision to keep the
covariate in the final model was based on whether adjustment for it was necessary to permit
comparison with analyses in previous literature. All statistical analyses were conducted with
SAS version 9.1 (SAS Institute, Cary, NC).

RESULTS
The characteristics of the study population by case-control status are provided in Table 1.
Glioma cases were more likely to have had an education level of high school or less and to
report having been exposed to radiation. There were no significant differences between
cases and controls with regard to family history of any cancer, season of birth, cigarette
smoking status, age, or gender.

Sibship size and birth order were significantly correlated (rho=0.51, p<.0001) in our dataset.
Although the two primary explanatory variables were only moderately correlated, birth
order does depend on sibship size (for example, one cannot be a fourth-born if one does not
have at least three siblings). Because of this interdependence between the variables, we
developed separate logistic regression models in order to ensure the statistical integrity and
interpretability of the effect estimates. In the univariable logistic regression models, adult
glioma status was significantly associated with birth order, but not sibship size (birth order:
OR=0.88, 95% CI=0.80-0.97; sibship size: OR=0.97, 95% CI=0.92–1.04).

Table 2 displays the final multivariable models for birth order and sibship size (Panels A and
B, respectively). There were no confounders detected based on the 10% change-in-estimate
criterion; however, covariates were included in the final models to maintain consistency and
allow comparisons with published literature.12 Increasing birth order was inversely
associated with the odds of developing glioma in adulthood, adjusting for sex, family history
of cancer, education level, birth cohort, and age in years (OR=0.87, 95% CI=0.79–0.97).
Sibship size was not significantly associated with adult glioma status, adjusting for the same
covariates (OR=0.97, 95% CI=0.91–1.04). Three additional analysis strategies were used to
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understand this relationship better (data not shown). First, the logistic regression model
including a composite variable of birth order and sibship size (OR=0.96, p-value=0.52)
showed no effect. Combining the birth order and sibship size variables appeared to dilute the
effect of birth order alone on glioma status, possibly due to the moderate correlation of these
two variables (or a lack of adequate power). Second, the possibility of a cohort effect was
evaluated by stratifying the final models by birth cohort. The odds ratios for birth order and
sibship size remained relatively unchanged across different birth cohorts. Because we found
no evidence of a cohort effect, birth cohort was adjusted for in the final model to maintain
consistency with previous literature. Finally, we conducted a post-hoc analysis in which we
stratified the final model examining birth order by sibship size (≤3 siblings and >3 siblings).
The adjusted effect estimates for birth order changed only slightly (for ≤3 siblings stratum:
OR=0.89, 95% CI=0.74–1.07; for >3 siblings stratum: OR=0.83, 95% CI=0.71–0.96).

DISCUSSION
In this study, we found that each one-unit increase in birth order confers a 13% decreased
odds of glioma development in adulthood (p=0.008). In other words, individuals with a
lower birth order (e.g. first- or second-born) have a higher risk of adult glioma development
than those with a higher birth order (e.g. fourth- or fifth-born). Sibship size, however, was
not found to be associated with adult glioma risk.

A previous study by Wrensch and Barger examined relative birth order and sibship size
along with a number of other familial characteristics in relation to glioma risk.25 They
found that while cases were likely to have more siblings than controls (p=0.02), they were
not differentially the oldest or youngest of their siblings. This study, however, only included
male glioma cases and had a small sample size (77 cases and 77 spousal controls).

Altieri et al. examined the association between nervous system tumors and early life viral
exposures in a study population of 13,613 nervous system tumor cases from the Swedish
Family Cancer Database.12 They used sibship size as a surrogate measure for number of
viral exposures in childhood. Using Poisson regression to control for family history of
cancer, age, birth cohort, and socioeconomic status, they found significant moderate
associations between having three or more younger siblings compared to none for different
types of adult and childhood nervous system tumors, including adult hemangioblastoma,
ependymoma, and neuroblastoma, and childhood astrocytoma. When examined by relative
birth order, they found that these associations were present for having younger siblings, but
not older siblings, implying that a longer period of immunologic isolation in early childhood
(and a relative postponement of common childhood infections) may be of interest in brain
tumor carcinogenesis. Although sibship size proved to be an important risk factor in the
Altieri et al. study, our study failed to corroborate their finding. While it is possible that our
study had less power to detect a modest association with sibship size, our outcome definition
did differ somewhat from that of Altieri et al. in that we considered adult tumors to be those
that were diagnosed at age 18 or older. They defined childhood tumors as those that were
diagnosed before age 15 and adult tumors as those that were diagnosed after age 15. These
differences may account for the discrepancy between the results on the effects of sibship
size.

Previous studies have found associations between development of brain tumors and other
surrogates of exposure to infectious agents, including seasonal and geographic trends and
indicators of maternal infections during pregnancy. 3,6,26–28 Also, several individual
viruses have been examined in relation to glioma development. For example, examining the
impact of infection with common herpesviruses (i.e. varicella zoster virus, Epstein-Barr
virus, and cytomegalovirus) has been of interest.10 According to some studies, having a
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history of mononucleosis or chickenpox may confer a protective effect against
gliomagenesis.4,5,24

While none of these studies truly separate the cellular effects of the virus itself from the
sequelae of the infection on immune system development, they do contribute to our ever-
evolving understanding of brain tumor etiology. Since the proposal of the hygiene
hypothesis, scientific speculation on the biological mechanism behind these associations has
become more focused on the immunological repercussions of the infections and the timing
of those infections in childhood rather than the cellular effects of the specific viruses
themselves. However, we have yet to discover an accurate and efficient way to study these
mechanisms separately.

Our study, the largest case-control study examining the influence of birth order and sibship
size on adult glioma status, suggests that individuals who were likely to undergo antigenic
challenge at an earlier age (i.e., those with a higher birth order) may be more protected
against developing glioma in adulthood. First-born children (those with lower birth order),
who likely had the longest period of immunologic isolation in infancy, appear to have the
highest risk, relative to those with higher birth order. However, because birth order is only a
proxy, we cannot definitively state that the effect observed here is due entirely to the impact
of timing of childhood infection on immune development. In fact, birth order is also
correlated with other biological factors, such as in utero estradiol levels.13 While the use of
this surrogate measure constitutes a limitation of our study, there are few other practical
methods for determining relative timing of common early life infections. Self-reported
timing of infections would likely provide unreliable and incomplete information, as the
average person cannot remember such details of their early childhood. Finally, we cannot
disregard the possibility that our finding may be an artifact of the structure of our data; thus,
these results and our interpretation of them will need to be confirmed in several
immunological and epidemiological studies before more definitive conclusions can be
drawn regarding the biological relationships at play.

In summary, our study suggests that the timing of early life infections may impact risk of
gliomagenesis in adulthood. This is consistent with the fact that other immunological
factors, such as history of asthma/allergies or antihistamine use, have also been associated
with glioma risk.14–16,24 Studies on glioma etiology conducted to date cumulatively
suggest a probable role of immune development and dysfunction in gliomagenesis.
However, better measures of immune system development are necessary to corroborate the
markers of self-reported infection that are currently being used in epidemiological studies of
brain tumor risk.
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TABLE I

STUDY POPULATION CHARACTERISTICS BY GLIOMA STATUS

Glioma Cases (n=489) Controls (n=540) p-value

n(%) n(%)

Sex 0.06

Male 270 (55.2) 266 (49.3)

Female 219 (44.8) 274 (50.7)

Family History of Cancer 0.87

Yes 265 (56.6) 296 (30.0)

No 203 (43.4) 222 (42.9)

Radiation Exposure 0.004

Yes 22 (4.6) 8 (1.5)

No 462 (95.5) 522 (98.5)

Season of Birth 0.83

Spring 115 (23.6) 134 (25.1)

Summer 143 (29.3) 145 (27.2)

Autumn 125 (25.6) 133 (25.0)

Winter 105 (21.5) 121 (22.7)

Age 0.37

<50 years 251 (51.3) 262 (48.5)

≥50 years 238 (48.7) 278 (51.5)

Highest Level of Education 0.0001

High School or Less 111 (22.9) 74 (13.7)

Some College or Beyond 374 (77.1) 466 (86.3)

History of Smoking 0.14

Yes 202 (41.3) 248 (45.9)

No 287 (58.7) 292 (54.1)
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TABLE II

FINAL LOGISTIC REGRESSION MODELS DESCRIBING THE EFFECTS OF BIRTH ORDER (A) AND
SIBSHIP SIZE (B) ON GLIOMA STATUS

Logistic regression

OR (95% CI)

Panel A Panel B

Birth Order 0.87 (0.79–0.97)

Sibship Size (No. of siblings) 0.97 (0.91–1.04)

Sex

   Female 1.00 (reference) 1.00 (reference)

   Male 1.35 (1.04–1.75) 1.35 (1.04–1.75)

Family History of Cancer

   No 1.00 (reference) 1.00 (reference)

   Yes 1.04 (0.79–1.36) 1.01 (0.77–1.32)

Highest Level of Education

   Some College or Beyond 1.00 (reference) 1.00 (reference)

   High School or Less 2.11 (1.48–3.00) 2.02 (1.42–2.87)

Age in years 0.94 (0.90–0.98) 0.94 (0.90–0.98)

Birth cohort

   1920–19401 1.00 (reference) 1.00 (reference)

   1941–1950 0.49 (0.28–0.87) 0.48 (0.27–0.85)

   1951–1960 0.28 (0.11–0.70) 0.26 (0.10–0.64)

   1961–1970 0.18 (0.05–0.65) 0.16 (0.04–0.59)

   1971–1980 0.08 (0.01–0.43) 0.07 (0.01–0.39)

   Post-1980 0.08 (0.01–0.70) 0.07 (0.01–0.64)

1
These two decades are grouped together because of the small number of participants born between 1920 and 1930.
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