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Abstract

Background and purpose The pathogenesis of primary
brain tumors may be related to immune response. Prior
studies have shown a strong association between allergy
and glioma; however, so far no significant association has
been established between allergy and meningioma. Here,
we conducted a meta-analysis of published studies to
investigate the association of meningioma with the overall
and specific allergic conditions.

Methods PubMed, EMBASE database, and Cochrane
Library were searched for pertinent citations published
between January 1979 and October 2009. We used the
following searching strategy (brain tumor [Text Word] OR
meningioma [Text Word]) AND (allergy [Text Word] OR
atopy [Text Word] OR asthma [Text Word] OR eczema
[Text Word] OR hay fever [Text Word]) to search for
relevant studies. Random effect model was used to estimate
the association between allergic conditions and
meningioma.
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Result A total of 7 studies (5 case—control studies and 2
cohort studies) were included in the analysis, involving
54,391 participants, of whom 2,656 had meningioma.
When compared to non-allergic conditions, the pooled
odds ratio (OR) with any allergic conditions for meningi-
oma was 0.91 (95% CI: 0.79-1.04, p = 0.163), suggesting
that there is no significant association between meningioma
and allergic conditions. Interestingly, further analysis
showed that eczema had significantly inverse association
with meningioma (OR, 0.75; 95% CI: 0.65-0.87,
p < 0.05). On the other hand, no significant association
was found for asthma (OR, 0.88; 95% CI: 0.75-1.04,
p = 0.126) and hay fever (OR, 0.90; 95% CI: 0.79-1.03,
p = 0.137).

Conclusion 1In conclusion, there was a significantly neg-
ative association between eczema and meningioma, sug-
gesting that eczema may reduce the risk of meningioma.
Although it was not statistically significant association
between meningioma and other specific allergic conditions
such as asthma and hay fever, further studies with large
sample size may be needed to determine its relationship.

Keywords Meningioma - Allergy - Atopy - Eczema -
Asthma - Hay fever - Risk factor - Meta-analysis

Introduction

Meningioma is the secondly most common primary neo-
plasm of the central nervous system, constituting between
13 and 26% of all intracranial tumors [1]. The incidence of
meningioma is rising with age, and the peak comes at sixth
and seventh decade of life. In contrast to glioma, menin-
gioma affects women more commonly than men. The
annual incidence per 100,000 people ranges from 2 to 7 for
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women and from 1 to 5 for men [2]. A magnetic resonance
imaging study conducted among general population
reported a prevalence of meningioma to be 0.9% [3]. In an
autopsy series, the incidence of meningioma was 1.4% [4],
due to the inclusion of asymptomatic meningioma during
life time. Meningiomas arise from the arachnoid cap cells
embedded in the arachnoid villi, at any site, most com-
monly the skull vault and the skull base. Although
meningiomas usually exhibit benign histological features,
atypical or anaplastic tumors can be found in 6% of cases.

According to early studies, risk factors for meningiomas
may include hereditary syndromes, high-dose radiation,
woman vs man sex, exogenous hormones, and so on [1, 5—
9]. The association between allergy and meningioma has
been investigated by many studies [10-17]. So far, it has
not been conclusive. In a previous metal-analysis study on
atopy and the risk of brain tumors performed in 2007, no
significant relationship was found between atopy and
meningioma (RR, 0.93; 95% CI: 0.72-1.19); however, the
study was limited by heterogeneous reporting on menin-
gioma and allergic conditions among included studies [18].

Gliomas, as the most common primary neoplasm of
the central nervous system, are strongly related to allergy.
Recently, our meta-analysis [19] including 10 case—control
and 2 cohort studies showed a significantly inverse asso-
ciation between the risk of glioma and allergy, with the
pooled odds ratio (OR) of 0.60 (95% CI: 0.52-0.69,
p < 0.001). In addition, this study reported that significant
risk reduction was observed in several specific allergic
conditions including asthma (OR = 0.70, 95% CI:
0.62-0.79, p < 0.001) as well as eczema (OR = 0.69, 95%
CI: 0.62-0.78, p < 0.001) and hay fever (OR = 0.78, 95%
CI: 0.70-0.87, p < 0.001). We hypothesized that menin-
gioma may be similar to glioma in its association with
allergic conditions. Therefore, we conducted a systematic
literature review and meta-analysis of published studies to
determine the association between atopic diseases includ-
ing specific allergic conditions and meningioma.

Materials and methods
Literature search

We searched databases including Pub Med, EMBASE
database, and Cochrane Library to identify pertinent cita-
tions published between January 1979 and October 2009.
We used the following searching strategy: (brain tumor
[Text Word] OR meningioma [Text Word]) AND (allergy
[Text Word] OR atopy [Text Word] OR asthma [Text
Word] OR eczema [Text Word] OR hay fever [Text
Word]). We also reviewed the bibliographies from citations
for related articles.
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Selection criteria and process

We have selected studies based on the following criteria:
(1) case—control or cohort studies investigating the asso-
ciation between allergic conditions and meningioma; (2)
cases were medically confirmed of meningioma; (3)
reported outcome measures with odds ratio (OR) or relative
risk (RR) with 95% confidence interval. In cases where
there were more than one published study on the same
population of patients, the most recent article was selected
for analysis. All the potentially relevant papers were
reviewed and extracted independently by two investigators
(Mei Wang and Chao Chen), and disagreements were
resolved by discussion and consensus.

Assessment of methodological quality

We assessed the methodological quality of included studies
based on Newcastle-Ottawa Scale (NOS) for quality of
case—control and cohort studies [20]. A star system of the
NOS (range, 0-9 stars) has been developed for the evalu-
ation. The highest value for quality assessment was 9 stars
(Table 1a, b).

Statistical analysis

STATA 10.1 (StataCorp, College Station, TX, USA) was
used for statistical analysis. Random effect model was used
to estimate the association between allergic conditions and
meningioma.

Result
Identification of relevant studies

A total of 703 articles were identified. 48 duplicated arti-
cles were excluded. 646 articles that did not meet the
selection criteria (1) were excluded. One paper [21] did not
provide raw data, odds ratio (OR), or relative risk (RR),
and it was excluded according to the selection criterion (3).
Figure 1 showed a flow diagram of the selection process
for relevant studies. Three studies were considered to be
ineligible for inclusion in the main analysis for the fol-
lowing reasons: (1) one cohort study expanded the defini-
tion of exposures (included immune-related diseases and
Type I diabetes) [13]; (2) two case—control studies [17, 22]
were excluded as they were contained in another study [15]
that was included. The data of the study conducted in the
Southeast England were shared in two case—control studies.
As the number of shared cases was not large (225 cases and
630 controls were shared, that was 8.7 and 8.2% among the
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Fig. 1 Flow diagram for Identified studies from the databases using keywords and bibliographies of relevant articles (N = 703):
identification of relevant PubMed (n = 389), EMBASE (n = 314), Cochrane Library (n = 0)

studies. *Three cohort studies
were contained in one article

——| Exclude duplicate articles (n = 48)

A
Remaining articles (n = 655): PubMed (n = 389), EMBASE (n = 266)

Exclude according to selection criteria (n = 647):
criteria (i) (n=6486); criteria (iii) (n=1)

A

Remaining articles (n = 8), full text review, 7 case-control studies, 3 cohort studies®

Excluded studies (n =2):

One cohort study expanded the definition of
—>| exposures (n=1)

Included totally in another article (n=1)

A

7 studies (5 case-control studies, 2 cohort studies) among 6 articles included in the main analysis

Table 2 Description of epidemiologic studies on allergic conditions and risk of meningioma

Reference Country Case/ Type of control Exposure assessment Risk estimate for
control (% response rate) history
of any allergy

Cohort studies

Schwartzbaum Sweden 41/14,493 Twins born 1886-1925 E-mail Questionnaire 0.84 (0.42-1.68)

[13]*

Schwartzbaum Sweden 26/29,555 Twins born 1926-1958 E-mail Questionnaire 2.44 (1.08-5.51)

[13]1\

Schwartzbaum Sweden 63/52,007 Both twin cohorts Hospital discharge records 0.69 (0.27-1.73)

[131°

Case—control studies

Ryan [17]° Australia 110/416 Population (63%) Interview; SEARCH 0.54 (0.33-0.89)
questionnaire

Cicuttini [22]° Australia 416/422 Population (43%) Interview; SEARCH 0.8 (0.5-1.4)
questionnaire

Schlehofer Six countries 331/1,123 Population Interview; SEARCH 0.89 (0.65-1.22)

[15]* questionnaire

Brenner [14]* United States 193/777 Non-cancer hospital Interview; physician 0.98 (0.70-1.38)

(86%) diagnosis

Schoemaker United 475/1,716  Population (57%) Interview 0.76 (0.61-0.96)

[12]*4 Kingdom

Wigertz [1 14 Five countries  1,210/3,309 Population (50%) Interview; questionnaire 0.95 (0.82-1.10)

Beckhoff [10]* Germany 380/762 Population (62.7%) Computer-assisted personal 0.87 (0.66-1.14)
interview

Two studies not presenting original data are not shown

# Included in final analysis

° Not included in final analysis because it is contained in other study

¢ Not included in final analysis because of enlarged definition of exposure

9 The two studies shared the data of study conducted in the Southeast England
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total meningioma cases and controls), we included both the
studies [11, 12].

Characteristics of studies included in the main analysis

Characteristics of the studies are presented in Table 2. A
total of 7 studies [10-15] included in the meta-analysis,
comprised of 5 case—control studies [10-12, 14, 15] and 2
cohort series [13]. The two cohort studies were contained
in one article and included 2 different age groups of par-
ticipants. The analysis of case—control studies included
10,276 participants, of whom 2,589 were meningioma
cases, while the analysis of cohort studies included 44,115
participants, of whom 67 were meningioma cases. Studies
were conducted in United States, Sweden, Germany,
France, United Kingdom, Australia, Denmark, Finland, and
Norway. The overall quality of the included studies was
adequate. The mean value was 6.8 out of 9 stars (Table 1a,
b).

Overall association of allergic conditions with the risk
of meningioma

An assessment of heterogeneity of 7 studies [10-15]
included for the analysis indicated that the hypothesis of
homogeneity could be accepted (I* = 31.3%, p = 0.189).
And we used random effect model to calculate the sum-
mary odds ratio. The odds ratios ranged from 0.76 to 2.44
among these studies. In the pooled analysis (Fig. 2), the
summary odds ratio associated with allergic conditions in
comparison with non-allergic conditions was 0.91 (95%
CI: 0.79-1.04, p = 0.163), suggesting that there was no

T
5 1 15

significant association between meningioma and allergic
conditions.

Subgroup analysis showed that the estimated odds ratios
were 0.89 (95% CI: 0.81-0.99, p = 0.030) in the case—
control studies [10-12, 14, 15] and 1.40 (95% CI:
0.49-3.98, p = 0.528) in the cohort studies [13]. Two
studies [11, 12] contained the data of a study conducted in
the Southeast England, and the pooled analysis after
excluding either of them did not change the result sub-
stantially (excluded Schoemaker, OR = 0.95, 95% CI:
0.83-1.08, p = 0.425; excluded Wigertz A, OR = 0.90,
95% CI: 0.75-1.08, p = 0.268). These results indicated
that there is no significant relationship between allergy and
meningioma.

Specific allergic conditions and meningioma

Specific allergic conditions and the risk of meningioma
were also investigated, which included 5 studies [10-12,
14, 15] for asthma, 6 studies [10-15] for eczema, and 5
studies [10-14] for hay fever, respectively. No statistically
significant heterogeneity was detected among those studies
for asthma (Chi* = 0.62, I* = 0.0%, p = 0.961), eczema
(Chi? = 0.77, P> =0.0%, p=0.979), or hay fever
(Chi? = 0.95, I = 0.0%, p = 0.917).

Asthma
For asthma, five case—control studies included 10,285

participants, of whom 2,592 were meningioma cases [10-
12, 14, 15]. The pooled OR was 0.88 (95% CI: 0.75-1.04,
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p = 0.126). No significant association was detected  association of eczema and the occurrence of meningioma
(Fig. 3a). (Fig. 3b).
Eczema Hay fever

Six studies included in the analysis of eczema comprised of
one cohort study and five case—control studies [10-15]. A
total of 24,820 participants was included, of whom 2,633
were meningioma cases. The pooled OR was 0.75 (95%
CI: 0.65-0.87, p < 0.05), suggesting a significant inverse

@ Springer

No significant association was detected for hay fever. The
analysis included one cohort study and four case—control
studies [10-14]. A total of 23,364 participants was inclu-
ded, of whom 2,300 were meningioma cases. The pooled
OR was 0.90 (95% CI: 0.79-1.03, p = 0.137; Fig. 3c).
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Fig. 4 Funnel plot of included studies (n = 7) for identifying
publication bias. A ring represents one case—control or cohort study.
Publication bias was not significant, it was unlikely to explain the full
magnitude of the association (Begg’s test: p = 0.293, Egger’s test:
p = 0.426)

Publication bias

The funnel plot of the included studies was largely sym-
metric (Fig. 4). These results indicated a possibility that
publication bias may have played a role in the observed
effect, but it was unlikely to explain the full magnitude of
the association (Begg’s test: p = 0.293, Egger’s test:
p = 0.426).

Discussion

We have shown a non-significant association between
overall allergic condition and meningioma based on 5
case—control studies and 2 cohort studies [10-15]; this
result is consistent with a previous meta-analysis results
(RR = 0.93, 95% CI = 0.72-1.19) [18]. Furthermore, our
study showed non-significant association for certain spe-
cific allergic conditions such as asthma (OR = 0.88, 95%
CI: 0.75-1.04) and hay fever (OR = 0.90, 95% CI:
0.79-1.03). Most importantly, our study has demonstrated
for the first time a significantly inverse association
(OR = 0.75, 95% CI: 0.65-0.87, p < 0.05) between the
particular allergic condition eczema and meningioma,
suggesting that eczema may negatively influence the
development of meningioma, in a fashion similar to the
effect of allergy on glioma.

Cohort study offers prospectively a relatively accurate
and clear definition of the temporal relation between
exposure and disease. However, it may be difficult to
recruit adequate cases because meningioma is a rare dis-
ease, and the cohort may be limited by the selection bias.
The two cohort studies [13] included in our analysis all

consisted of individuals from the Swedish Twin Registry
birth cohort of same-gender twins. One cohort study con-
sisted twins born between 1886 and 1925, and all partici-
pants received a questionnaire mailed in 1967; 14,535
answered all questions relating to allergic conditions
(69.85% response rate) [13]. These participants were fol-
lowed from 1968 until death, loss to follow-up, diagnosis
of first glioma or meningioma, or 2000, whichever occur-
red first, resulting in 41 patients diagnosed with meningi-
oma. In another cohort study of twins born between 1926
and 1958, the questionnaires were mailed to individuals in
1973. 29,573 answered the question concerning allergic
conditions (80.94% response rate) [13]. These participants
were followed from 1974 until death, loss to follow-up,
diagnosis of first glioma or meningioma, or 2000, which-
ever occurred first, resulting in 26 patients developed
meningioma. The incidence of meningioma in the first
cohort study is much higher than the second one, most
likely because of the longer follow-up time and the older
average age.

The recall bias may be substantial in case—control study,
because the disease may influence cases’ physical and
mental state and affects. And these studies can not be per-
formed in a blinded fashion. Four of the five case—control
studies involved in our research are population based
[10-12, 15], and only one study is hospital based [14].
Given the consistency of results from case—control studies
of allergies and meningioma in population-based and hos-
pital-based studies, the selection and reporting bias of the
hospital-based study seems to be minimal. In all of these
case—control studies, the majority of interviews were con-
ducted by trained person using a computer-assisted inter-
view program. Only a small part of the data was collected
by questionnaire or telephone [11, 12, 15]. Two case—con-
trol studies only included allergic diseases occurring at least
2 years before diagnosis of the brain tumor or before the
interview for controls [10, 15]. In another study, meningi-
oma risk in relation to allergies was evaluated for allergies
diagnosed at least 1 year prior to the first diagnosis with
meningioma, and for controls, a censoring date was based
on the year when interviews were conducted [12]. The last
two studies recorded the detailed age or year diagnosed with
the condition of interest [11, 14].

The pathophysiological mechanism for the inverse
association between allergic diseases and meningioma is
unknown [9]. Genetic influence on immune reactions may
play a considerable role in the association between allergic
conditions and brain tumor. Preetha et al. reported single
nucleotide polymorphisms (SNPs) in innate immune genes
and their surrounding regions were significantly different
from meningiomas to non-neoplastic controls [23]. Sixty-
eight SNPs in 36 genetic regions were significantly asso-
ciated with the risk of meningioma at p < 0.05, and 17
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SNPs in 12 genetic regions were associated p < 0.01. After
correcting for multiple testing, gene region-based tests
reported seven regions as statistically significant:
TNFRSF18, NFKB1, FCERIG, CD14, C1D, CCR6, and
VCAMI1. NFKB1 and FCER1G were given the relationship
between T-cell regulation and chronic inflammation, and
IgE and allergic diseases [24, 25]. Functional polymor-
phisms in FCER1A, which also coded for a subunit of the
IgE receptor, were strongly associated with serum IgE
levels in a genome-wide association study [25]. Compared
with a previous examination of the same SNPs for glioma
risk, NFKB1 was significant in both studies (p < 0.01).
However, gene region-based hits (p < 0.05) differed
between glioma (ALOXS, SELP, and SOD) and meningi-
oma (TNFSRF18, FCER1G, VCAMI, NFKBI1, CDI4,
C1D, and CCR6) [26].

Tumor immune response is mainly based on cellular
mechanisms that are controlled by Th1-CD4-positive cells.
These cells enhance cytotoxic T cell and natural killer cell
activation through interferon and suppress T-helper 2
(Th2)-CD4-positive T cells, which are critical for
enhancing allergic phenotypes [27]. In our study, eczema
shows a significantly inverse association with meningioma
(OR = 0.75, 95% CI: 0.65-0.87, p < 0.05). In fact, the
course of eczema or called atopic dermatitis is biphasic: an
initial Th2 phase precedes a chronic phase in which ThO
cells (cells that share some activities of both Th1l and Th2
cells) and Thl cells are predominant [28]. The Th2 cyto-
kines IL-4, IL-5, IL10, and IL-13 predominate in the acute
phase of the lesions, and in chronic lesions, there is an
increase of interferon-y, IL-12, IL-5, and GM-CSF72 [29].
Atopic dermatitis frequently starts in early infancy, and the
incidence of meningioma is rising with age, and the peak
comes at sixth and seventh decade. It is possible that
continued chronic phase of eczema can reduce the risk of
meningioma. This was supported by a previous study, in
which the risk was more strongly reduced in subjects who
still had eczema 1 year prior to the reference date than in
those who reported their eczema had stopped prior to this
time [12]. It was reported people stopped eczema more
than 10 years have a significant increased risk of menin-
gioma compared to those whom have current eczema [11].

Our studies may have the following limitations. The
heterogeneity of the studies included in this meta-analysis
contained the following several aspects: (1) The study
designs were different. While five studies were case—con-
trol studies, two were cohort studies [10-15]. (2) The
studies used different methods to collect information of the
participants’ history of allergic conditions. Most interviews
were conducted by trained person or through the use of a
computer-assisted program. Other studies were done
through questionnaire and telephone [11, 12, 15]. With
different methods, the participants may have different
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attitude and may not understand the questions in an iden-
tical way. All these would affect the accuracy of the data
collection. (3) The definition of exposure varied among
these studies. Mostly, the exposure included asthma and
eczema. In several studies, allergies to food, medicine,
insects, pollens, and chemicals were involved in the
exposure [14]. Some studies did not explain the definition
of exposure clearly. Different definition of exposure may
lead to different incidence. (iv) The questions offered to
participants are different. In some studies, measurement of
allergic conditions was based on several basic questions
concerning the respondent ever or never had the interested
conditions [13, 14]; and in other studies, additional ques-
tions about the age of first diagnosis, the duration, current
or past disease, and comorbidities [10—12]. The prevalence
of allergic conditions in Schoemaker’s study [12] was
46.7% in case groups and 46.1% in control groups, while
the prevalence in Schlehofer’s study [15] was 26.8% and
28.4% for cases and controls, respectively, suggesting a
variation in exposure. Publication bias is another major
problem. It arises from the design or execution of single
study or from the tendency of journals to reject negative
studies. Although we include all of the studies that meet
our criteria, publication bias is hard to avoid because that
no unpublished studies are included, and we may reach
misleading conclusion. In our research, publication bias
about eczema and meningioma may affect the meta-anal-
ysis results, potentially producing overstated conclusion.

In summary, our study demonstrated that eczema is
significantly associated with the occurrence of meningi-
oma. The results may suggest a unique role of eczema in
the pathogenesis of meningioma. Prospective cohort stud-
ies with adequate numbers of cases are needed to further
confirm the interesting association. Although it was not
statistically significant association between meningioma
and other specific allergic conditions such as asthma and
hay fever, further studies with large sample size may be
needed to determine its relationship. Measurements of
biomarkers may provide biological bases for the role of
immune function in meningioma development.
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