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Abstract
Inverse association between allergic conditions and glioma risk has been consistently reported in epidemiological studies 
with little attention paid to potential environmental confounders; the association with meningioma risk is less consistent. We 
examined the association between allergy history and risk of glioma and meningioma in adults using data from the CERENAT 
(CEREbral tumors: a NATional study) multicenter case-control study carried out in 4 areas in France in 2004–2010. Partici-
pants’ histories of doctor-diagnosed allergic asthma, eczema, rhinitis/hay fever and other allergic conditions were collected at 
onset through a detailed questionnaire delivered in a face-to-face interview. Conditional logistic regression for matched sets 
was adjusted for participants’ educational level and mobile phone use. A total of 273 glioma cases, 218 meningioma cases 
and 982 matched controls selected from the local electoral rolls were analyzed. A significant inverse association was found 
between glioma and a history of any allergy (OR 0.52, 95% CI 0.36–0.75), with a dose–effect relationship with the number 
of allergic conditions reported (p-trend = 0.001) and a particularly strong association with hay fever/allergic rhinitis (OR 
0.46, 95% CI 0.30–0.72). Interestingly, associations with glioma risk were more pronounced in women. For meningioma, no 
association was observed with overall or specific allergic conditions. Our findings confirmed the inverse association between 
allergic conditions and glioma risk but questioned the role of allergy in meningioma risk. Future research is needed to clarify 
the biological mechanism of overall allergy and allergic rhinitis on glioma and to confirm the different effect by gender.
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Introduction

Apart from ionizing radiation and rare genetic syndromes, 
the etiology of brain tumors is unknown [1]. Environmen-
tal risk factors such as pesticides [2–4], radiofrequency 
electromagnetic fields (RFs) via cell phone use [5, 6] or 
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dietary intake of nitroso compounds [7, 8] may increase 
the risk of brain tumors. Regarding intrinsic risk fac-
tors, increasing age, gender, body mass index [9, 10] and 
ethnicity [11] may play a role in the occurrence of brain 
tumors. Recently, a history of allergy, including eczema, 
asthma and/or hay fever has been consistently linked with 
a decreased risk of glioma in several epidemiological stud-
ies, mainly case-control studies, with different exposure 
assessment strategies [12–16]. The Glioma International 
Case-Control (GICC) study based on 4533 cases and 4171 
controls from 14 study sites found that respiratory aller-
gies, asthma and eczema were associated with a lower gli-
oma risk of about 30% [12]. A meta-analysis based on 12 
case-control studies and one cohort study concluded that 
there is a similar decrease in risk associated with eczema 
[14]. In addition, allergy-related biomarkers, such as the 
level of IgE [17, 18], allergy-related serum cytokines [19] 
and polymorphisms in allergy-related genes [20], whose 
measurement was unaffected by recall and reporting, were 
also found to be inversely associated with glioma risk.

The inverse association between allergic conditions and 
cancer risk was not restricted to the brain. A recent review 
of epidemiological studies on the relationship between 
site-specific cancers and atopy also suggested a protec-
tive effect of atopic diseases against pancreatic cancer and 
acute lymphoblastic leukemia [21]. Most studies on atopic 
diseases and non-Hodgkin lymphoma or colorectal can-
cer reported an inverse association but asthma has been 
observed to be a risk factor for lung cancer.

The link between the occurrence of meningioma and 
allergic conditions has been given much less attention and 
this has led to date to inconsistent results. In two previous 
meta-analyses based on five case-control and two cohort 
studies on allergy conditions and meningioma risk, no 
significant inverse association with allergy was found, 
except for eczema (OR 0.75; 95% CI:0.65–0.87) [15, 22]. 
Recently, a meta-analysis based on eight case-control stud-
ies and two cohorts found that allergic conditions, and 
specifically asthma and eczema, were associated with a 
decreased risk of about 20% [23].

However, there was substantial heterogeneity among 
study results, which could be explained by differences in 
potential confounders taken into account in individual 
studies. Notably, the role of environmental or occupational 
risk factors (RFs, pesticides) and lifestyle habits (smoking 
status, dietary habits and alcohol consumption) were little 
considered.

The aim of the CERENAT case-control study was to 
explore the associations between a medical history of 
allergy and the risk of glioma and meningioma, with 
detailed information on many potential lifestyle, occupa-
tional and environmental risk factors, including smoking 
status, alcohol consumption, dietary intake, exposure to 

RFs via mobile phone use and occupational exposure to 
pesticides.

Methods

Study population

CERENAT is a multicenter population-based case-control 
study initiated in 2004, designed to study the role of occupa-
tional and environmental factors in the etiology of primary 
brain tumors in adults. Details of the CERENAT study were 
described in a previous publication that explored the rela-
tionship between brain tumors and mobile phone use [24]. 
Eligible cases were all subjects aged 16 years and over (age 
limit between pediatric and adult medicine for healthcare 
services), with a benign or malignant central nervous sys-
tem (CNS) tumor diagnosed between 2004 and 2010, and 
living in one of four French areas (Gironde, Calvados, Man-
che, Hérault) at diagnosis. Cases were identified with the 
collaboration of a network of practitioners involved in the 
diagnosis and therapeutic management of patients and, with 
the aim of being exhaustive, from population-based cancer 
registries. All diagnoses were established by either a neuro-
pathological or, for cases with no histological diagnosis, a 
clinical and radiological assessment. Primary brain tumors 
with the following ICDO-3 topography codes were included: 
C70.0–C70.9, C71.0–C71.9 and C72.2–C72.9. Patients with 
recurrent tumors, metastases, pituitary tumors, genetic syn-
drome or AIDS were excluded. Cases were classified accord-
ing to morphology codes as gliomas, meningiomas, acoustic 
neuromas, lymphomas and other unspecified primary brain 
tumors. In this analysis, only glioma and meningioma cases 
were considered.

For each case, two controls with no history of CNS tumor 
were randomly selected from the local electoral rolls dur-
ing the period 2005–2008, individually matched on age 
(± 2 years), sex and area of residence.

Data collection

Data were collected through standardized questionnaires 
delivered as face-to-face non-blinded structured interviews 
by trained interviewers. When cases were in a severe clini-
cal condition or deceased, a proxy was invited to complete 
a simplified questionnaire, which was subsequently com-
pleted by their matched controls. The questionnaire covered 
sociodemographic characteristics, medical history, lifestyle 
(smoking, dietary and alcohol intake) and detailed occupa-
tional and environmental data. Dietary and alcohol data were 
collected using a food frequency questionnaire [25].

Allergic conditions were defined by a positive answer 
to the following questions: “Have you ever had an asthma 
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attack? (1st question), eczema? (2nd question), allergic 
rhinitis or hay fever? (3rd question), other allergic condi-
tions?” (4th question). For each question, the subjects were 
asked if the allergic condition was diagnosed by a physi-
cian. When reporting other allergic conditions, subjects were 
asked about the type of allergy. Information on the age at 
first diagnosis of allergic conditions and treatment methods 
was not collected.

The role of potential confounders highlighted by previous 
studies was considered: educational level (primary school or 
less, secondary school, high school and university), smoking 
status (never, former or current smokers), occupational pesti-
cide exposure (defined as having performed treatment tasks 
on crops, gardens, wood or other circumstances in any job 
during life). As significant positive association was found in 
the heaviest users of mobile phone and several associations 
was observed between CNS tumors and dietary and alcohol 
intakes in previous analyses of the CERENAT study, [24, 
25] we also tested the potential confounding effect of alco-
hol consumption (classified as excessive in men drinking 
over three glasses per day and over two glasses per day in 
women), consumption of fruit, vegetables, grilled meat and 
poultry (according to the average frequency of consumption 
of specific food) and mobile phone use (heavy, moderate or 
no use). As several studies suggested that exposure to envi-
ronmental farming in early childhood was associated with 
reduced atopy in adults [26], we also tested the role of living 
on a farm during the 1st year of life (yes or no).

Statistical analyses

The date of diagnosis was taken as the index date for each 
case and its two matched controls. We used conditional 
logistic regression to estimate adjusted ORs and 95% CIs 
testing the associations between a history of any doctor-
diagnosed allergies (including asthma, eczema and/or hay 
fever/allergic rhinitis), specific allergic conditions (asthma, 
eczema, hay fever/allergic rhinitis and other type of aller-
gies), the number of allergy conditions (excluding other type 
of allergies) and brain tumor risk. For each allergic condi-
tion, the reference category consisted of participants with 
no diagnosis of the condition considered. Separate analyses 
were conducted for gliomas and meningiomas. Potential 
confounders associated with gliomas or meningiomas in 
the univariate analyses (p < 0.25 for each covariate) were 
included in the multivariate analyses. As information on 
alcohol consumption was missing for 23% of gliomas and 
5% for meningiomas, it was not included in the multivariate 
analyses. Thus, the multivariate models were adjusted for 
educational level and mobile phone use. As sex was a match-
ing factor, we did not evaluate the possible effect modifi-
cation by sex but we stratified analyses by sex. Interaction 
terms between allergy and educational level, mobile phone 

use and the fact of living on a farm during the first year 
of life, childhood and lifetime were entered into the con-
ditional logistic regression model to assess potential effect 
modification.

To assess potential reporting bias, sensitivity analyses 
were conducted excluding proxy respondents. Additional 
adjustments for alcohol consumption, smoking status, occu-
pational exposure to pesticides and the fact of living on a 
farm during the first year of life were also tested. For each 
allergic condition, complementary analyses were performed 
1/by adjusting for other allergic conditions and 2/using sub-
jects with no allergic condition at all as reference group.

Analyses were carried out using SAS software version 9.3 
(SAS Institute, Cary, North Carolina, USA). All statistical 
tests were two-sided at an alpha level of 0.05.

Results

Characteristics of the population

Out of the eligible subjects (851 cases and 4579 controls), 
95% of cases and 61% of controls were successfully con-
tacted and a total of 596 cases (73%) and 1192 controls 
(45%) among those contacted were included in the CER-
ENAT study. Participation rates were 66% for glioma cases 
and 75% for meningioma cases. The main reasons for non-
participation were refusals (48%), severe condition or death 
(38%) or unreachable subjects (14%). After exclusion of 
non-glioma and non-meningioma CNS tumors (n = 105), 
1473 subjects were included in the present analysis: 273 
cases and 546 controls for gliomas; 218 cases and 436 
controls for meningiomas. For each subtype (gliomas and 
meningiomas respectively), neuropathological assessment 
represented 96% of diagnoses, and clinical and radiological 
assessment represented 4%.

The main socio-demographic characteristics of overall 
CNS cancer cases and matched controls are presented in 
Table 1 and separately for the two subgroups of histological 
subtypes (gliomas and meningiomas) in Table 2. The aver-
age age was 56 years for gliomas and 61 years for meningi-
omas and men represented 58 and 24% of the population, 
respectively. The proportion of proxy interviews was 23% 
for gliomas and 5% for meningiomas. The level of education 
was higher in controls than in cases (p = 0.03 for glioma and 
p = 0.02 for meningioma). The proportion of alcohol con-
sumers was significantly higher in controls (p < 0.0001 for 
glioma and p = 0.0004 for meningioma). Cases were more 
frequently heavy users of mobile phone than controls (10.2% 
vs. 5.9% for gliomas, p = 0.04; 6.8% vs. 2.9% for menin-
giomas, p = 0.01). Smoking status, occupational pesticide 
exposure and living on a farm in early childhood were not 
associated with either glioma or meningioma risk.
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Prevalence of any allergy and specific allergic 
conditions

A total of 588 (33%) subjects reported a history of any 
allergy diagnosed by a physician. The most frequent aller-
gic condition reported by the sample was hay fever/allergic 
rhinitis (21.4%), followed by eczema (14.7%) and asthma 
(8.2%) and 10.2% reported other types of allergy. Other 
allergies (n = 182) were mainly medication allergy (46%), 
unspecified allergy (44%) and the remaining 10% concerned 
food (n = 2), cosmetics (n = 3), chemicals (n = 4), metals 
(n = 5) and adhesives (n = 4). Including hay fever/allergic 
rhinitis, asthma and/or eczema, 7.4% reported two symptoms 

and 1.9% reported three symptoms. A history of any allergy 
was reported by 23.4% (37.8%) of glioma cases (controls), 
and 33.0% (33.3%) of meningioma cases (controls) (data 
not shown).

Gliomas

Adjusting for educational level and mobile phone use 
(Table  3), we observed a significant inverse associa-
tion between a history of any allergy and risk of glioma 
(OR 0.52, 95%-CI 0.36–0.75) and there was a signifi-
cant trend of risk with the number of conditions reported 
(p-trend = 0.001). For specific allergic conditions, we 

Table 1  Main characteristics 
of the overall CNS cancer 
cases and matched controls, 
CERENAT, 2004–2010

NA not available
a Available data
b p value for log likelihood ratio test
c Only for detailed questionnaire respondents. Alcohol consumption was classified as excessive in men 
drinking over three glasses of wine, cider, beer or spirits per day, and over two glasses per day in women
d Moderate use: cumulative duration < 896 h during life; heavy use: cumulative duration ≥ 896

Na Cases 
(n = 596)

Controls 
(n = 1192)

OR (95% CI) Pb

N % N %

Sex 1788 NA
 Men 260 43.6 520 43.6 NA
 Women 520 56.4 672 56.4 NA

Age (mean ± SD)b 1788 58.4 14.9 59.5 14.6 NA NA
Simplified questionnaire 1788 95 15.9 190 15.9 NA NA
Education 1785 < 0.0001
 Primary school or less 153 25.8 243 20.4 1.00
 Secondary school 221 37.2 376 31.6 0.83 (0.62–1.12)
 High school 100 16.8 226 19.0 0.62 (0.44–0.87)
 University 120 20.2 346 29.0 0.48 (0.34–0.66)

Smoking status 1781 0.6
 Never smoker 285 48.1 586 49.3 1.00
 Former smoker 214 36.2 406 34.1 1.09 (0.86–1.39)
 Current smoker 93 15.7 197 16.6 0.96 (0.71–1.31)

Alcoholc 1503 < 0.0001
 No consumption 255 50.9 328 32.7 1.00
 Moderate consumption 205 40.9 550 54.9 0.45 (0.36–0.57)
 Excessive consumption 41 8.2 124 12.4 0.35 (0.23–0.53)

Occupational pesticide exposure 1788 0.4
 No 550 92.3 1113 93.4 1.00
 Yes 46 7.7 79 6.6 1.21 (0.80–1.81)

Mobile phone  used 1699 0.002
 No use 297 53.1 577 50.6 1.00
 Moderate use 213 38.1 504 44.2 0.81 (0.64–1.02)
 Heavy use 49 8.8 59 5.2 1.65 (1.05–2.59)

Farm in early childhood 1724 0.7
 No 453 79.6 909 78.7 1.00
 Yes 116 20.4 246 21.3 0.95 (0.73–1.22)



275Journal of Neuro-Oncology (2018) 138:271–281 

1 3

Ta
bl

e 
2 

 M
ai

n 
ch

ar
ac

te
ris

tic
s o

f t
he

 st
ud

y 
po

pu
la

tio
n 

in
 th

e 
gl

io
m

a 
an

d 
m

en
in

gi
om

a 
gr

ou
ps

, C
ER

EN
A

T,
 2

00
4–

20
10

NA
 n

ot
 av

ai
la

bl
e;

a  A
va

ila
bl

e 
da

ta
b  p 

va
lu

e 
fo

r l
og

 li
ke

lih
oo

d 
ra

tio
 te

st
c  O

nl
y 

fo
r d

et
ai

le
d 

qu
es

tio
nn

ai
re

 re
sp

on
de

nt
s. 

A
lc

oh
ol

 c
on

su
m

pt
io

n 
w

as
 c

la
ss

ifi
ed

 a
s e

xc
es

si
ve

 in
 m

en
 d

rin
ki

ng
 o

ve
r t

hr
ee

 g
la

ss
es

 o
f w

in
e,

 c
id

er
, b

ee
r o

r s
pi

rit
s p

er
 d

ay
, a

nd
 o

ve
r t

w
o 

gl
as

se
s p

er
 

da
y 

in
 w

om
en

d  M
od

er
at

e 
us

e:
 c

um
ul

at
iv

e 
du

ra
tio

n 
<

 89
6 

h 
du

rin
g 

lif
e;

 H
ea

vy
 u

se
: c

um
ul

at
iv

e 
du

ra
tio

n 
≥

 89
6

G
lio

m
as

 (N
 =

 81
9)

M
en

in
gi

om
as

 (N
 =

 65
4)

N
a

C
as

es
 (n

 =
 27

3)
C

on
tro

ls
 (n

 =
 54

6)
O

R
 (9

5%
 C

I)
Pb

N
a

C
as

es
 (n

 =
 21

8)
C

on
tro

ls
 (n

 =
 43

6)
O

R
 (9

5%
 C

I)
Pb

N
%

N
%

N
%

N
%

Se
x

81
9

N
A

65
4

N
A

 M
en

15
8

57
.9

31
6

57
.9

N
A

53
24

.3
10

6
24

.3
N

A
 W

om
en

11
5

42
.1

23
0

42
.1

N
A

16
5

75
.7

33
0

75
.7

N
A

A
ge

 (m
ea

n ±
 S

D
)b

81
9

56
.3

16
.3

57
.4

15
.9

N
A

N
A

65
4

60
.9

11
.6

61
.9

11
.5

N
A

N
A

Si
m

pl
ifi

ed
 q

ue
sti

on
na

ire
81

9
63

23
.1

12
6

23
.1

N
A

N
A

65
4

12
5.

5
24

5.
5

N
A

N
A

Ed
uc

at
io

n
81

8
0.

03
65

4
0.

02
 P

rim
ar

y 
sc

ho
ol

 o
r l

es
s

63
23

.2
88

16
.1

1.
00

60
27

.5
11

5
26

.4
1.

00
 S

ec
on

da
ry

 sc
ho

ol
97

35
.6

17
3

31
.7

0.
67

 (0
.4

2–
1.

06
)

86
39

.4
12

9
29

.6
1.

24
 (0

.8
0–

1.
92

)
 H

ig
h 

sc
ho

ol
53

19
.5

11
2

20
.5

0.
55

 (0
.3

3–
0.

92
)

37
17

.0
81

18
.6

0.
84

 (0
.4

9–
1.

42
)

 U
ni

ve
rs

ity
59

21
.7

17
3

31
.7

0.
39

 (0
.2

3–
0.

65
)

35
16

.1
11

1
25

.4
0.

57
 (0

.3
4–

0.
98

)
Sm

ok
in

g 
st

at
us

81
4

0.
3

65
4

0.
1

 N
ev

er
 sm

ok
er

11
1

41
.1

25
0

46
.0

1.
00

11
8

54
.2

23
8

54
.6

1.
00

 F
or

m
er

 sm
ok

er
10

4
38

.5
20

2
37

.1
1.

17
 (0

.8
2–

1.
67

)
77

35
.3

12
9

29
.6

1.
22

 (0
.8

1–
1.

83
)

 C
ur

re
nt

 sm
ok

er
55

20
.4

92
16

.9
1.

36
 (0

.8
9–

2.
09

)
23

10
.6

69
15

.8
0.

65
 (0

.3
7–

1.
16

)
A

lc
oh

ol
c

63
0

<
 0.

00
01

61
8

0.
00

04
 N

o 
co

ns
um

pt
io

n
10

2
48

.6
12

1
28

.8
1.

00
10

7
51

.9
14

8
35

.9
1.

00
 M

od
er

at
e 

co
ns

um
pt

io
n

89
42

.4
23

8
56

.7
0.

41
 (0

.2
8–

0.
60

)
84

40
.8

21
9

53
.2

0.
51

 (0
.3

5–
0.

73
)

 E
xc

es
si

ve
 c

on
su

m
pt

io
n

19
9.

0
61

14
.5

0.
30

 (0
.1

6–
0.

56
)

15
7.

3
45

10
.9

0.
38

 (0
.1

9–
0.

76
)

O
cc

up
at

io
na

l p
es

tic
id

e 
ex

po
su

re
81

9
0.

07
65

4
0.

9
 N

o
24

4
89

.4
50

7
92

.8
1.

00
20

8
95

.4
41

5
95

.2
1.

00
 Y

es
29

10
.6

39
7.

2
1.

63
 (0

.9
5–

2.
79

)
10

4.
6

21
4.

8
0.

95
 (0

.4
3–

2.
09

)
M

ob
ile

 p
ho

ne
  u

se
d

77
8

0.
04

62
7

0.
01

 N
o 

us
e

11
5

45
.3

23
9

45
.6

1.
00

13
1

63
.6

24
3

57
.7

1.
00

 M
od

er
at

e 
us

e
11

3
44

.5
25

4
48

.5
0.

94
 (0

.6
6–

1.
34

)
61

29
.6

16
6

39
.4

0.
67

 (0
.4

5-
1.

00
)

 H
ea

vy
 u

se
26

10
.2

31
5.

9
2.

05
 (1

.0
7–

3.
94

)
14

6.
8

12
2.

9
2.

04
 (0

.8
7–

4.
79

)
Fa

rm
 in

 e
ar

ly
 c

hi
ld

ho
od

78
4

0.
8

63
6

0.
4

 N
o

20
5

78
.8

41
8

79
.8

1.
00

17
1

81
.4

33
2

77
.9

1.
00

 Y
es

55
21

.2
10

6
20

.2
1.

04
 (0

.7
2–

1.
52

)
39

18
.6

94
22

.1
0.

83
 (0

.5
3–

1.
27

)



276 Journal of Neuro-Oncology (2018) 138:271–281

1 3

found a significant inverse association between hay fever 
and risk of glioma (OR 0.46, 0.30–0.72). Inverse associa-
tions were also observed for asthma (OR 0.70), eczema 
(OR 0.72) and other types of allergy (OR 0.74) but they 
were not significant. When we stratified analyses by sex 
(Table 4), associations were stronger in women: a his-
tory of any allergy was associated with a significant 61% 
decrease in risk of glioma (OR 0.39, 0.23–0.69), the trend 
of risk with the number of conditions remained signifi-
cant (p-trend = 0.002) and hay fever was associated with 
a 59% decrease in risk (OR 0.41, 0.22–0.78). Other aller-
gic conditions were also associated with a decreased gli-
oma risk but associations remained non-significant (OR 
0.57 for asthma, OR 0.72 for eczema and OR 0.47 for 
other types of allergy). In men, we observed a significant 
inverse association between risk of glioma and hay fever 
(OR 0.49; 0.26–0.90) and inverse associations with any 
allergy and more specifically with asthma and eczema 
were non-significant.

Sensitivity analyses were presented in supplemen-
tal tables. When proxy respondents were excluded from 
analyses and when analyses were adjusted for alcohol con-
sumption, the inverse associations with any allergy and 
hay fever were somewhat attenuated. However, further 
adjustment for smoking status, occupational exposure to 
pesticides, living on a farm during the first year of life or 
other allergic conditions did not change the results. When 
reference group was restricted to subjects with no allergic 
condition at all in individual allergy analyses, the associa-
tion with rhinitis was strengthened (OR 0.41; 0.23–0.73) 
and the association with other allergy was inversely asso-
ciated with glioma (OR 0.33; 0.12–0.93). When the trend 
test across the number of allergic conditions was repeated 
for affected subjects only, the test was not significant 
(ptrend = 0.9).

Table 3  Adjusted ORs 
(95% CIs) for glioma and 
meningioma in relation to a 
history of any allergy or specific 
allergic conditions, CERENAT, 
2004–2010

a ORs were adjusted for educational level and mobile phone use
b Any allergy was considered positive if asthma or eczema or hay fever was reported as diagnosed by a phy-
sician
c Asthma status not known for one glioma case and one meningioma case
d Eczema status not known for two meningioma cases
e Hay fever status not known for five glioma cases and two meningioma cases
f Other allergies not known for two glioma cases

Gliomas OR (95% CI)a Meningiomas OR (95% CI)a

Cases 
(n = 253)

Controls 
(n = 524)

Cases 
(n = 206)

Controls 
(n = 421)

N % N % N % N %

Any  allergyb

 No 189 75.9 319 62.2 1.00 138 68.0 275 66.4 1.00
 Yes 60 24.1 194 37.8 0.52 (0.36–0.75) 65 32.0 139 33.6 0.87 (0.60–1.28)

Asthmac

 No 235 93.2 481 91.8 1.00 189 92.2 387 92.4 1.00
 Yes 17 6.8 43 8.2 0.70 (0.37–1.32) 16 7.8 32 7.6 1.01 (0.53–1.91)

Eczemad

 No 224 88.5 440 84.6 1.00 178 87.2 350 83.7 1.00
 Yes 29 11.5 80 15.4 0.72 (0.44–1.16) 26 12.8 68 16.3 0.66 (0.39–1.12)

Hay  fevere

 No 215 86.7 379 73.9 1.00 164 80.4 331 79.8 1.00
 Yes 33 13.3 134 26.1 0.46 (0.30–0.72) 40 19.6 84 20.2 0.92 (0.58–1.45)

Number of allergies
 0 189 76.5 319 62.7 1.00 138 68.6 275 66.9 1.00
 1 42 17.0 137 26.9 0.54 (0.36–0.82) 49 24.4 99 24.1 0.91 (0.61–1.41)
 2 or more 16 6.5 53 10.4 0.47 (0.24–0.89) 14 7 37 9.0 0.67 (0.33–1.37)

Ptrend = 0.001 Ptrend = 0.3
Other  allergyf

 No 233 92.8 477 91.9 1.00 186 90.3 362 86.2 1.00
 Yes 18 7.2 42 8.1 0.74 (0.40–1.36) 20 9.7 58 13.8 0.80 (0.45–1.41)



277Journal of Neuro-Oncology (2018) 138:271–281 

1 3

Meningiomas

Adjusting for educational level and mobile phone use, 
no significant association was observed between the 
risk of meningioma and a history of any allergy or spe-
cific allergic conditions. However, a decreased risk of 
meningioma was suggested with a history of any allergy 
(OR 0.87, 0.60–1.28), specifically for eczema (OR 0.66, 
0.39–1.12). As observed in the supplemental tables, 
sensitivity analyses restricted data to participants who 
were self-respondents, additional adjustment for alcohol 
consumption, smoking status, occupational exposure to 
pesticides, living on a farm during the first year of life or 
other allergic conditions produced little change in ORs. 
When the reference group was restricted to subjects with 
no allergic condition at all in individual allergy analyses, 
the results were unchanged. When we stratified analyses 
by sex (Table 5), no significant association was observed 
between the risk of meningioma and a history of any 
allergy or specific allergic conditions in both sexes.

Discussion

The CERENAT case-control study was one of the few stud-
ies that examine the association between allergic condi-
tions and the risk of glioma and meningioma, taking into 
account a large variety of potential lifestyle and environmen-
tal risk factors such as smoking status, alcohol consump-
tion, dietary intake, occupational exposure to pesticide, and 
RFs via mobile phone use. We found that a history of any 
allergy and specifically hay fever were significantly associ-
ated with reduced glioma risk, with a dose–response effect 
with the number of allergic conditions reported and these 
associations were strengthened in women. Furthermore, our 
findings suggest that a history of allergy, and specifically 
eczema, may be associated with a lower risk of meningioma 
but these associations were not significant.

In previous analyses of the present study [24, 25], a 
significant increased risk of CNS tumors, especially glio-
mas was observed in the heaviest users of mobile phone 
compared to the non-users and several associations were 

Table 4  Adjusted ORs (95% 
CIs) for glioma in relation to a 
history of any allergy or specific 
allergic conditions by sex, 
CERENAT, 2004–2010

a ORs were adjusted for educational level and mobile phone use
b Any allergy considered positive if asthma or eczema or hay fever was reported as diagnosed by a physi-
cian

Men OR (95% CI)a Women OR (95% CI)a

Cases 
(n = 143)

Controls 
(n = 299)

Cases 
(n = 110)

Controls 
(n = 225)

N % N % N % N %

Any  allergyb

 No 107 76.4 195 66.3 1.00 82 75.2 124 56.6 1.00
 Yes 33 23.6 99 33.7 0.62 (0.37–1.05) 27 24.8 95 43.4 (0.39 0.23–0.69)

Asthma
 No 132 93 278 93 1.00 103 93.6 203 90.2 1.00
 Yes 10 7 21 7 0.88 (0.35–2.25) 7 6.4 22 9.8 0.57 (0.23–1.43)

Eczema
 No 127 88.8 260 87.2 1.00 224 88.5 440 84.6 1.00
 Yes 16 11.2 38 12.8 0.92 (0.46–1.84) 29 11.5 80 15.4 0.72 (0.44–1.16)

Hay fever
 No 121 87.0 221 75.2 1.00 94 86.2 158 72.1 1.00
 Yes 18 13.0 73 24.8 0.49 (0.26–0.90) 15 13.8 61 27.9 0.41 (0.22–0.78)

Number of allergies
 0 107 77.5 195 66.5 1.00 82 75.2 124 57.4 1.00
 1 22 16.0 70 23.9 0.61 (0.34–1.10) 20 18.4 67 31.0 0.44 (0.24–0.80)
 2 or more 9 6.5 28 9.6 0.64 (0.27–1.51) 7 6.4 25 11.6 0.34 (0.12–0.90)

Ptrend = 0.1 Ptrend = 0.002
Other allergy
 No 129 91.5 277 93.9 1.00 104 94.5 200 89.3 1.00
 Yes 12 8.5 18 6.1 1.28 (0.53–3.09) 6 5.5 24 10.7 0.47 (0.19–1.20)
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found between CNS tumors and dietary habits including an 
unexpected inverse association with daily alcohol intakes. 
However, this result may be due to various biases: cases 
may underreport alcohol consumption because they fear that 
their lifestyle has caused the disease or because of memory 
disorders.

The negative association between a history of allergy 
and glioma risk is consistent with previous meta-analyses 
[13–15] and the GICC study [12], all estimating a 20–40% 
decreased risk of glioma associated with a history of allergy, 
but the associations we found were stronger than this 
range. Regarding asthma and eczema, although our results 
were not significant, they were concordant with these and 
another meta-analysis [16]. Our data suggest that hay fever 
may largely drive the association between allergy status 
and glioma risk (OR 0.52, 0.36–0.75 for allergy; OR 0.46, 
0.30–0.72 for hay fever). Previous studies also reported a 
decreased risk associated with hay fever or allergic rhini-
tis but their effects were not as pronounced as in our study 
[14, 27, 28]. For example, the meta-analysis of Chen et al., 
combining data from five case-control studies, provided an 
OR of 0.78 (0.70–0.87) for hay fever and glioma risk [14]. 
The INTERPHONE case-control study including data from 

five countries found a pooled OR of 0.67 (0.53–0.86) for 
hay fever [28]. Similarly, a UK case-control study reported 
an OR of 0.73 (0.59–0.90) associated with hay fever [27].

The present study found a significant trend in the reduc-
tion of glioma risk with the number of allergy conditions 
reported (asthma, eczema and/or hay fever), in accordance 
with the results of two previous case-control studies [18, 
29]. Shoemaker et al. did not observe significant associa-
tions with the number of conditions reported in a UK study 
but analyses were restricted to affected subjects only [27]. 
It is possible that the number of conditions can be related 
to the activity of the immune system or severity of allergy 
and subjects with multiple conditions were more likely to be 
classified correctly as allergic [27, 29].

We also observed different associations with glioma 
risk according to gender: the associations with a history of 
allergy, the number of allergies and hay fever were more pro-
nounced in women than in men. Similarly, in a UK popula-
tion-based case-control study, associations with allergic con-
ditions were somewhat stronger for women than men, but not 
consistently or significantly [27]. In addition, two case-con-
trol studies reported a more pronounced reduction in the risk 
of glioma associated with the level of allergen-specific-IgE 

Table 5  Adjusted ORs (95% 
CIs) for meningioma in relation 
to a history of any allergy or 
specific allergic conditions by 
sex, CERENAT, 2004–2010

a ORs were adjusted for educational level and mobile phone use
b Any allergy considered positive if asthma or eczema or hay fever was reported as diagnosed by a physi-
cian

Men OR (95% CI)a Women OR (95% CI)a

Cases 
(n = 49)

Controls 
(n = 100)

Cases 
(n = 157)

Controls 
(n = 321)

N % N % N % N %

Any  allergyb

 No 37 75.5 67 67.7 1.00 101 65.6 208 66 1.00
 Yes 12 24.5 32 32.3 0.72 (0.28–1.84) 53 34.4 107 34 0.92 (0.60–1.41)

Asthma
 No 46 93.9 90 90 1.00 143 91.7 297 93.1 1.00
 Yes 3 6.1 10 10 0.76 (0.17–3.40) 13 8.3 22 6.9 1.14 (0.56–2.35)

Eczema
 No 42 87.5 85 85 1.00 136 87.2 265 83.3 1.00
 Yes 6 12.5 15 15 0.62 (0.18–2.19) 20 12.8 53 16.7 0.65 (0.36–1.18)

Hay fever
 No 43 87.8 82 83.7 1.00 121 78.1 249 78.5 1.00
 Yes 6 12.2 16 16.3 0.64 (0.15–2.75) 34 21.9 68 21.5 0.97 (0.59–1.58)

Number of allergies
 0 37 77.1 67 68.4 1.00 101 66.0 208 66.4 1.00
 1 8 16.7 23 23.4 0.83 (0.27–2.54) 41 26.8 76 24.3 0.97 (0.61–1.54)
 2 or more 3 6.2 8 8.2 0.48 (0.08–2.89) 11 7.2 29 9.3 0.70 (0.31–1.56)

Ptrend = 0.4 Ptrend = 0.4
Other allergy
 No 47 95.9 89 89.0 1.00 139 88.5 273 85.3 1.00
 Yes 2 4.1 11 11.0 0.79 (0.15–4.16) 18 11.5 47 14.7 0.82 (0.45–1.50)
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in women [30, 31]. The reason is unclear but it might be 
from the inherent difference in immune systems between 
men and women; steroid sex hormones may affect the 
strength of immune responses in opposite directions, with 
stronger immune responses in women than in men [32]. Fur-
thermore, it appears that female sex hormones enhance type 
2 responses related to humoral immunity whereas testoster-
one suppresses type 2 responses in males. Such a different 
role of allergy in glioma risk between men and women needs 
to be confirmed.

Regarding meningioma risk, our data suggested no signif-
icant association with a history of doctor-diagnosed allergy 
or specific allergic condition. However, a trend towards a 
decreased meningioma risk seemed to emerge with eczema 
(OR 0.66, 0.39–1.12). Three meta-analyses showed con-
flicting results. The meta-analysis of Linos et al., including 
six studies on meningioma, found no association between 
allergy and meningioma [15]. Another, including seven 
studies, was in line with this conclusion when considering 
overall allergy but found a decreased risk for eczema [22]. 
The most recent meta-analysis, including three more case-
control studies, found that allergic conditions, asthma and 
eczema but not hay fever were associated with a reduced risk 
of meningioma [23].

The possible role of allergic conditions in the devel-
opment of brain tumors remains poorly understood. One 
hypothesis is that allergies may represent a heightened 
state of immunosurveillance: the presence of a hyperac-
tive immune system may subsequently prohibit abnormal 
cell growth or proliferation but the specific mechanism by 
which this state of immunosurveillance could help reduce 
tumor growth remains unexplained [12, 15, 17]. Another 
explanation is that IgE antibodies against certain allergens 
may display some cross-reactivity to brain tumor antigens 
[30]. Another possible scenario is that of immune prophy-
laxis, in which allergy symptoms themselves, triggered by 
IgE, serve to expel foreign toxins or pathogens that might 
be mutagenic [33]. Regardless of the mechanism, experi-
mental evidence indicates that circulating IgE may impede 
early tumor development [30]. Additionally, reverse causal-
ity is possibly another explanation for the protective role of 
allergies, with the tumor itself suppressing immune func-
tion [31]. However, because inverse associations were also 
observed when allergies developed at an early age or when 
they were present many years before the brain cancer diag-
nosis, reverse causality is unlikely to be responsible for the 
overall findings [15].

This multicenter study was conducted on the general 
population, and covered various socioeconomic statuses 
and environmental and occupational exposures, including 
potential risk factors for brain tumors such as exposure 
to pesticides, RFs. Cases were included from a clinical 
network supported by population-based cancer registries, 

thereby ensuring the reliability of the diagnoses. Controls 
were randomly selected from the electoral rolls, which 
include 90% of persons over 18 years, and are representa-
tive of the French adult population regarding age and sex 
[24]. Participation rates (66 and 75% for glioma and men-
ingioma cases, respectively, and 45% for controls) were 
similar to those reported in previous studies [28, 29]. 
Unfortunately, the lack of a questionnaire for non-partic-
ipants prevented us from accurately assessing selection 
bias. However, the study was presented to participants as 
dealing with environmental and occupational factors and 
health in general, the interest in allergy was not mentioned, 
and the risk of selection bias was therefore reduced.

Some interviews had to be conducted with a proxy 
because of the health status of the cases, particularly for 
glioma cases. The rate of proxy respondents for glioma 
cases was similar to that observed in other case-control 
studies (23%) and that of meningioma cases was low (5%) 
[14, 23]. A simplified questionnaire was used in proxies 
for cases and in matched controls to prevent any differ-
ential bias related to simplified questions, even though 
the quality of data obtained from proxies remains ques-
tionable for cases. However, analyses excluding proxy 
responses did not change the results. In addition, a previ-
ous meta-analysis provided evidence that the associations 
reported in case-control studies of atopy and glioma risk 
are unlikely to be due to bias from proxy respondents [14]. 
We lacked information on biomarkers of atopy such as 
total serum IgE and specific IgE levels, types of aller-
gens or allergy tests detecting specific IgE but questions 
on allergic conditions were based on a doctor’s diagnosis 
which should minimize the reporting bias. Another issue 
is the possibility that glioma cases may not remember past 
exposures accurately due to cognitive impairments. How-
ever, the prevalence of any allergy in glioma cases was 
similar to that reported in previous studies [27, 34, 35] and 
the associations we found here have also been reported in 
prospective cohort studies and meta-analyses [13–15, 36].

In conclusion, the CERENAT case-control study offered 
a unique opportunity to explore the role of allergic condi-
tions in the occurrence of adult brain tumors adjusting for 
a wide variety of potential lifestyle and environmental risk 
factors, which were rarely taken into account in epidemio-
logical studies. Our findings confirm the inverse associa-
tion between allergic conditions and glioma, particularly 
for hay fever/allergic rhinitis and with a more pronounced 
effect in women. However, no association was found with 
meningioma risk which may question the potential pro-
tective effect of allergies on this subtype of brain tumors. 
Future research is needed to clarify the biological mecha-
nism of overall and specific allergic conditions on the risk 
of glioma and to confirm their different effects by gender.
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