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Epidemiological studies have consistently reported an inverse
association between a history of allergic disease and risk of glioma.
The reason for this association is unclear, and there is a lack of
studies with the detail and size to explore the association in depth.
We conducted a UK population-based case-control study with 965
glioma cases and 1,716 controls to investigate glioma risk in rela-
tion to allergic disease. Risk was reduced in subjects reporting a
history of asthma (odds ratio (OR) 5 0.71, 95% confidence inter-
val (CI): 0.54–0.92), hay fever (OR 5 0.73, 95% CI: 0.59–0.90), ec-
zema (OR 5 0.74, 95% CI: 0.56–0.97) and other allergies (OR 5
0.65, 95% CI: 0.47–0.90). Risk was reduced for all the main histo-
logical groups. There was no significant trend of risk with age, at
the onset of each condition, or the number of conditions reported.
Risk reductions were strongest for asthma or hay fever with re-
cent onset. Risk in asthmatic subjects was not related to frequency
of use of antiasthmatic drugs, but was significantly reduced for
use of antiallergenic medication among subjects with hay fever.
The study showed an inverse association of glioma risk with aller-
gic disease. Possible reasons for the association, as well as poten-
tial immunological aetiology, include confounding, bias and
reverse causality.
' 2006 Wiley-Liss, Inc.
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Epidemiological studies consistently show an inverse associa-
tion between a history of allergic conditions and risk of glioma.1–9

The reason for this finding is unclear. Reduced risks in allergic
subjects have also been reported for several other types of can-
cer,10 which have been hypothesised to be due to a state of raised
immunosurveillance.11 Possible other reasons, however, for the
inverse association with glioma risk include reverse causality,
confounding or bias. There is a lack of large studies with enough
detail to explore the association between allergies and glioma risk
in depth, particularly in relation to age at onset or time since onset,
duration and severity, and few studies have investigated the rela-
tionship of risk and use of antiallergy medication or have been
large enough to investigate risk by histological tumour type.

We conducted a large population-based case-control study of
risk factors for glioma in several areas in the UK, with 965 cases
and 1,716 controls. This study collected information on a range of
potential risk factors, including allergies, and on mobile phone use
as part of the Interphone study,12 on which we recently reported.13

We report here on the risk of glioma in relation to allergic condi-
tions and use of antiallergenic medication.

Methods

Study design and recruitment

Two population-based case-control studies were conducted in
the UK according to a similar protocol. One was in the Thames
regions of Southeast England and the other in the Trent area, the
West Midlands, West Yorkshire and Central Scotland (referred to
as Northern UK). The study area, for the 2 studies combined, com-
prised a population of 28.4 million people, representing 48% of
the UK population. Both studies followed the core protocol of the
Interphone Study,12 to which all subjects aged 30–59 interviewed
in our study will contribute, but with several extensions including
a wider age range of patients and a much extended questionnaire.

Cases were ascertained from neurosurgery, neuro-oncology,
neuropathology, neuroradiology and neurology units in hospitals
in the study regions, and for SE England, also from the regional
cancer registry. Eligible cases were individuals diagnosed with
glioma during the study period (from December 1, 2000 to June
30, 2003 for the Northern UK and to February 29, 2004 for the
Southeast) at ages 18–59 in the Southeast and 18–69 in the North-
ern UK areas and resident in the study areas. Glioma was defined
according to the International Classification for Disease as topog-
raphy C7114 and morphology (ICD-O-3) 9380-9411, 9420-9451,
9480 and 9505.15 The date of diagnosis was defined as the date of
the first scan that revealed a space-occupying lesion in the brain
or, if not available, date of biopsy or surgery. We did not obtain
ethics permission to approach proxies for deceased or ill cases,
although it was permitted to interview them if they responded to
the invitation letter addressed to the patient.

Control subjects were defined as people who had not been diag-
nosed with a brain tumour, resident in the same study region and
within the same age range as the cases in the study region. Con-
trols were randomly selected from general practitioner patient lists
by a preset algorithm. In the Southeast the controls were frequency
matched to reflect the age, sex and geographical distribution of
brain tumour cases. In the northern centres, 1 control per case was
individually matched on age, sex and GP practice. Approximately
98% of the UK population was registered with a general practi-
tioner in 1992.16

Subjects were invited by letter to participate in the study. If no
reply was received, a repeat letter was sent or the subject was con-
tacted by telephone. The study was introduced to participants as a
study of risk factors for brain tumours (Northern UK) or as a study
of modern lifestyle factors and health (SE England), with no em-
phasis on any particular risk factor. Ethical approval for this study
was obtained from the multicentre research ethics committees for
the Southeast and Scotland and all appropriate local research
ethics committees. Informed consent was obtained from all sub-
jects at interview.

Consenting subjects were personally interviewed by trained
research nurses or experienced research interviewers using a com-
puter-assisted interview, with the answers being directly entered
into the questionnaire program on a laptop computer. Interviews
were conducted in the subject’s home, workplace or in hospital, as
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was most convenient to the participant. During the interview, sub-
jects were asked whether they had ever been diagnosed with
asthma, eczema and hay fever and the age at onset of this condi-
tion. For eczema, subjects were asked whether they still suffered
from eczema, and if not, at what age it stopped, the proportion of
the year they were affected by eczema, and the types of exposures
that triggered it. Extra details were collected in the SE England
study, including the ages at which subjects stopped having asthma
and hay fever (if applicable), and diagnosis with seasonal or non-
seasonal allergic rhinitis and conjunctivitis, or food or contact
allergy. In addition in SE England, subjects who reported asthma
or other allergy were asked about the frequency with which they
had used antiasthmatic medication or antiallergenic drugs, respec-
tively (almost every day, not every day but more than half the
year, less than half the year, never). Subjects were asked to specify
the types of antiallergenic drugs they had ever used (antihist-
amines, nasal spray, eye drops, desensitisers and other (specified
by the participant)).

Statistical analysis

The study was conducted as part of a larger case-control study
on several types of intracranial tumour, with controls recruited for
the entire set of cases. To increase statistical power, we used all
controls for this analysis.

In the calculation of all exposure indices, allergic conditions
diagnosed within 1 year of diagnosis of glioma were ignored in
this analysis, because they are unlikely to be aetiologically rele-
vant. As not all controls were individually matched to cases, we
derived a comparable censoring date to truncate exposure for con-
trols, which would take into account how far back the subject was
asked to recall exposures. The reference date for controls was ob-
tained by constructing case-strata by interview year (2001, 2002,
2003 and �2004) and single year interval between diagnosis and
interview (�interview lag time�). Controls interviewed in each
interview year were randomly allocated to strata of interview lag
time, proportionally to the distribution of the cases interviewed in
the same period, to obtain a similar distribution of lag time as in
the cases. The reference dates for controls were then calculated by
subtracting the mean interview lag time in cases in that stratum
from the interview dates of the controls.

Risk of glioma was analysed in relation to a history of asthma,
eczema and hay fever in the pooled data set and in relation to other
allergies and use of antiallergenic medication in the SE England
study. Odds ratios for the condition or exposure of interest were
calculated as estimates of the relative risk, using a logistic regres-
sion model adjusting for sex, 5-year categories of age at reference
date, region (4 northern regions and 1 Southeast), interview year
and Townsend deprivation category (a measure of deprivation
based on the subject’s residential postcode).17 Adjustment for
Townsend category was made because atopy as well as glioma
risk is associated with socioeconomic status18,19 and for age and
sex, because all recruited controls were used for this analysis,
rather than only controls matched to glioma cases, which led to
some unequal distributions of demographic characteristics be-
tween cases and controls. Tests for trend were done on the original
values rather than on categorised variables and were carried out
with and without the baseline group, i.e., subjects not affected by
the condition, except for age at onset, as no value could be
assigned to the baseline group. The Northern UK data were also
analysed using individually matched case-control pairs as a back-
ground check; this did not materially alter the results.

Tumour risk in relation to these conditions was analysed by
study centre, and for males and females separately. Heterogeneity
in results between these groups was assessed with a log likelihood
ratio test.20 Tumour histology or tumour grade-specific (grade I/II
vs. III/IV) odds ratios in relation to allergy were obtained with a
polytomous logistic regression model. Heterogeneity between
type-specific odds ratios was assessed with a log likelihood ratio
test, comparing an unconstrained model with a model where expo-

sure coefficients were constrained to be equal. The statistical pack-
age STATA was used for all analyses.21

Analyses were repeated to investigate whether additional ad-
justment for interview lag time or cigarette smoking status af-
fected the results; the latter because cigarette smoking has been
found to be associated with atopy.22 We also repeated the analysis
after adjusting for having had diagnostic radiographic examina-
tions involving the head prior to the reference date as a back-
ground check on the results. Finally, as glioma patients might have
problems with recall of past exposures due to the tumour or brain
surgery, we explored risk in relation to allergies by the quality of
recall by the patient as recorded by the interviewer.

Results

A total of 966 cases and 1,716 controls were interviewed for the
study. The reasons for nonparticipation were death or being too ill
(cases 30%, controls 0.1%), patient’s refusal (cases 10%, controls
29%), no response (cases 2%, controls 21%), no medical permis-
sion to approach the patient (cases 5%, controls 5%) and other rea-
sons (cases 2%, controls 0.2%). The participation rate among all
cases was 51%, and was 61% among low and 47% among high-
grade tumours. The overall control participation rate was 45% and
was 57% based on subjects who had definitely received the invita-
tion letter. One case was excluded because allergy data were not
collected, leaving 965 cases in the analysis. Twenty three close
relatives offered to participate as case-proxies because of the
patient’s poor health or death; their interviews are included in the
analysis.

Interviewed cases were similar to noninterviewed cases with
regard to sex (37.5% vs. 38.2% female, p 5 0.8) but were younger
at diagnosis (mean age 46.8 vs. 49.5 years, p < 0.001) and more
affluent (Townsend score 2.7 vs. 3.0, p < 0.001). Interviewed con-

TABLE I – CHARACTERISTICS OF GLIOMA CASES AND CONTROLS, UK

Characteristic
Cases (n5 965) Controls (n 5 1,716)

N % N %

Sex
Male 603 62.5 829 48.3
Female 362 37.5 887 51.7

p v2<0.001
Age at reference date (years)

18–29 100 10.4 112 6.5
30–39 199 20.6 281 16.4
40–49 216 22.4 429 25.0
50–59 327 33.9 645 37.6
60–69 123 12.7 249 14.5

p v2<0.001
Townsend deprivation category*

1 (most affluent) 257 26.6 513 29.9
2 229 23.7 386 22.5
3 178 18.5 334 19.5
4 180 18.7 292 17.0
5 (least affluent) 121 12.5 191 11.1

p v250.3
Marital status

Single 122 12.6 207 12.1
Married/cohabiting 758 78.6 1,318 76.8
Separated/divorced 61 6.3 145 8.5
Widowed 23 2.4 44 2.6
Not known 1 0.1 2 0.1

p v250.2
Region

Thames regions 367 38.0 630 36.7
Southern Scotland 151 15.7 277 16.1
Trent 199 20.6 372 21.7
West Midlands 115 11.9 207 12.1
West Yorkshire 133 13.8 230 13.4

p v250.9

*Townsend score (17), a postcode-based measure of deprivation,
categorised into quintiles based on 2001 census data (49).
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trols were more likely to be female (51.7% vs. 39.1%, p < 0.001)
and were older (47.4 vs. 44.6 years, p < 0.001) and more affluent
(Townsend score 2.6 vs. 3.1, p < 0.001) compared with noninter-
viewed controls. Among interviewed subjects, cases were more
often male and younger than controls but were similar with regard
to Townsend deprivation score and marital status (Table I).

The relative risk of glioma was significantly reduced in subjects
reporting ever having been diagnosed with asthma (OR 5 0.71,
95% CI: 0.54–0.92), hay fever (OR 5 0.73, 95% CI: 0.59–0.90),
eczema (OR 5 0.74, 95% CI: 0.56–0.97) or any of these condi-
tions (OR 5 0.63, 95% CI: 0.53–0.76) (Table II). Risk was also
reduced for subjects reporting other types of allergy (OR 5 0.65,

95% CI: 0.47–0.90, SE England only; not indicated in the table).
There was no appreciable difference in risk between allergic sub-
jects who reported a family history of allergic disease compared
with those who did not. There was no heterogeneity in results
between the 2 study centres (defining heterogeneity, conserva-
tively, as p < 0.10), therefore pooled results are presented for
brevity.

There were no statistically significant trends of risk with age at
onset of each condition or with the number of conditions reported
when restricting analysis to affected subjects only (Table II). Gli-
oma risks in relation to eczema and asthma were somewhat lower
for subjects diagnosed within 10 years before the reference date

TABLE II – RISK OF GLIOMA IN RELATION TO PAST DIAGNOSIS WITH ASTHMA, HAY FEVER OR ECZEMA, UK

Factor
Cases (n5 965) Controls (n 5 1,716)

OR (95% CI)*
N % N %

Asthma
Evera

No 866 89.8 1,488 86.7 1.00
Yes 98 10.2 228 13.3 0.71 (0.54–0.92)c

Age at onset (years)
<10 44 4.6 78 4.6 0.81 (0.54–1.22)
10–19 17 1.8 46 2.7 0.54 (0.30–0.97)c

�20 37 3.8 104 6.1 0.70 (0.47–1.04)
Time since onset (years) Trend (ever asthma only) p50.4

<10 17 1.8 51 3.0 0.53 (0.30–0.95)c

10–19 20 2.1 59 3.4 0.58 (0.34–0.99)c

�20 61 6.3 118 6.9 0.84 (0.60–1.18)
p trend50.15 Trend (ever asthma only) p50.5

Hay fever
Everb

No 787 81.7 1,321 77.0 1.00
Yes 176 18.3 395 23.0 0.73 (0.59–0.90)d

Age at onset (years)
<10 37 3.8 83 4.8 0.63 (0.41–0.96)c

10–19 72 7.5 153 8.9 0.79 (0.58–1.07)
�20 67 7.0 159 9.3 0.73 (0.53–0.99)c

Time since onset (years) Trend (ever hay fever only) p51.0
<10 29 3.0 56 3.3 0.84 (0.51–1.36)
10–19 38 4.0 87 5.1 0.58 (0.38–0.89)c

�20 109 11.3 252 14.7 0.76 (0.59–0.99)c

p trend50.03 Trend (ever hay fever only) p50.9
Eczema
Ever

No 872 90.4 1,492 87.0 1.00
Yes 93 9.6 224 13.0 0.74 (0.56–0.97)c

Status
Current eczema 48 5.0 142 8.3 0.61 (0.43–0.88)d

Past eczema 45 4.7 82 4.8 0.94 (0.63–1.39)
Age at onset (years)

<10 49 5.1 93 5.4 0.89 (0.61–1.30)
10–19 20 2.1 48 2.8 0.67 (0.39–1.17)
�20 24 2.5 83 4.8 0.58 (0.36–0.94)c

Time since onset (years) Trend (ever eczema only) p50.7
<10 12 1.2 38 2.2 0.57 (0.29–1.13)

10–19 18 1.9 42 2.5 0.74 (0.41–1.34)
�20 63 6.5 144 8.4 0.78 (0.56–1.07)

Duration (years) p trend50.10 Trend (ever eczema only) p50.8
<10 41 4.3 80 4.7 0.85 (0.56–1.27)
10–19 19 2.0 56 3.3 0.62 (0.36–1.08)
�20 33 3.4 85 5.0 0.72 (0.47–1.11)
Not known 3 0.2 p trend50.07 Trend (ever eczema only) p50.7

Any of the above
Ever
No 687 71.2 1,069 62.3 1.00
Yes 276 28.6 647 37.7 0.63 (0.53–0.76)e

Not known 2 0.2
Number of conditions

1 201 20.8 483 28.2 0.61 (0.50–0.75)e

2 58 6.0 128 7.5 0.67 (0.48–0.94)c

3 16 1.7 36 2.1 0.79 (0.42–1.50)
Not known 1 0.1 p trend<0.001 Trend (ever affected only) p50.4

*Odds ratios adjusted for sex, age category, region, interview year and Townsend deprivation category–aAsthma status not known for
1 case.–bHay fever status not known for 2 cases.–cp < 0.05.–dp < 0.01.–ep < 0.001.
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than for subjects diagnosed a longer time ago, but this was not the
case for hay fever, and there were no statistically significant trends
of risk among affected subjects. There was no trend of decreasing
risk with the duration of having the condition among subjects
diagnosed with eczema (p-trend 5 0.7) or, based on SE England
data only, among subjects diagnosed with asthma (p-trend 5 0.8;
not indicated in the table). For hay fever, risk was reduced for lon-
ger durations of having the condition; the trend was not significant
among those diagnosed with hay fever only (p-trend 5 0.6), but
was significant when including subjects never diagnosed with this
condition as the baseline category (p-trend 5 0.007; not indicated
in the table).

The relative risk of glioma was 0.61 (95% CI: 0.43–0.88) in
subjects who reported having eczema 1 year prior to the reference
date, but was not materially reduced in those who reported that
their eczema had stopped prior to this time (OR 5 0.94, 95% CI:
0.63–1.39) (Table II). On the basis of SE England data only, this
was similarly observed for hay fever with a relative risk of 0.48
(95% CI: 0.33–0.69) for current hay fever sufferers versus 1.50
(95% CI: 0.83–2.72) for past sufferers, but not for asthma (OR 5
0.75 (95% CI: 0.44–1.30) for current asthma vs. 0.48 (95% CI:
0.24–0.96) for past asthma (not indicated in the table).

Glioma risk was not appreciably related to the proportion of the
year the subject was affected by eczema: the relative risk was 0.61
(95% CI: 0.38–0.99) for those affected for 8 months or more and
was 0.66 (95% CI: 0.42–1.03) for those who said they were occa-
sionally affected compared to subject not affected by eczoma. The
risk reduction was strongest in subjects who reported that their ec-
zema was triggered as a result of contact with particular substan-
ces (OR 5 0.41, 95% CI: 0.23–0.70 not indicated in the table).

Risk of all the main histological types of glioma was reduced in
subjects reporting asthma, eczema or hay fever, and there was no
statistically significant heterogeneity in risk by histology (Table
III). Allergy associations were not appreciably stronger or weaker
in glioblastoma than in non-glioblastoma tumours, or in grade I/II
compared with grade III/IV tumours.

Study participants in the SE England study were asked about
other allergies they had ever been diagnosed with. Risk was
reduced for all defined types of allergy; the relative risk was 0.35
(95% CI: 0.15–0.81) for seasonal allergic rhinitis and conjunctivi-
tis and 0.39 (95% CI: 0.15–0.99) for nonseasonal allergic rhinitis
and conjunctivitis, respectively, 0.74 (95% CI: 0.40–1.36) for food
allergy and 0.54 (95% CI: 0.30–0.97) for contact allergy (not indi-
cated in the table).

Risk of glioma in the SE England study was significantly
reduced among subjects with hay fever or allergic rhinitis and
conjunctivitis who reported ever using nasal sprays (OR 5 0.43,
95% CI: 0.24–0.79) compared with those who did not, but not for
use of antihistamines, eye drops or desensitisers, based on very
small numbers (Table IV). Risk was significantly reduced for use
of any of these medications (OR 5 0.48, 95% CI: 0.24–0.96) but
was similar for subjects reporting use for less than half the year
compared with use for more than half the year to almost every
day. Risk in asthma sufferers who reported using antiasthmatic
drugs almost every day was 0.62 (95% CI: 0.31–1.24) compared
with nonasthma suffers, similar to those reporting never-use or
use less than half the year (OR 5 0.65, 95% CI: 0.36–1.19; not
indicated in the table).

For 93% of controls and 83% of cases interviewers rated that
the participant remembered their medical history well or very
well. Repeating the analyses including only these subjects did not
materially affect the results. The results for allergic conditions
were not altered by additional adjustment for smoking status,
interview lag time, or for past diagnostic radiographic examina-
tions involving the head. Five cases and 3 controls had had radio-
therapy to the head 10 or more years prior to the reference date;
results were similar after excluding these subjects from the analy-
ses. Associations with allergic conditions were somewhat stronger
for females than males, but not consistently or significantly so.
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Discussion

We conducted a large population-based case-control study of
risk of glioma in relation to history of allergic conditions. Risk of
glioma was significantly reduced in people who reported a past di-
agnosis of asthma, eczema, hay fever or other types of allergy.
Risk was reduced for all the main histological groups of glioma
and there was no significant heterogeneity in risk between groups.
Among affected subjects, there was no significant evidence for a
gradient of risk with age at onset or time since onset or with the
number of conditions reported. Our study did not suggest that use
of antiasthmatic drugs was related to risk in asthmatic subjects,
but use of antiallergenic medication was related to a significantly
reduced risk of glioma in subjects with hay fever or allergic rhini-
tis and conjunctivitis. To our knowledge, only 1 published case-
control study on allergies was larger than the present one, includ-

ing 1,178 glioma cases, but that study reported relatively little
detailed information on allergies.5

The overall results of this study are comparable to those from
most previous studies on glioma, which have consistently reported
reduced risks in relation to allergic disease1–9 (Fig. 1) or with ele-
vated total IgE levels.24 Reduced risks of glioma have also been
reported for autoimmune disease7,8 and for IgG-positivity to vari-
cella-zoster, but not to several other viruses25–27 or Toxoplasma
gondii.28 It is interesting to note that overt immunodeficiency such
as in AIDS-related immunosuppression has been associated with
moderately increased risks of glioma.29–31 Studies of meningi-
oma2,3,5,7,8 have generally reported nonsignificantly reduced risks
in relation to allergies, although often less strongly reduced than
for glioma, leaving it uncertain to what extent the association with
allergies is specific to glioma, or general to intracranial tumours.

TABLE IV – RISK OF GLIOMA IN RELATION TO EVER USE OF ANTI-ALLERGENIC MEDICATION IN SUBJECTS
WITH PAST DIAGNOSIS WITH HAY FEVER OR ALLERGIC RHINITIS AND CONJUNCTIVITIS, SE ENGLAND

Factor
Cases (n5 84) Controls (n 5 215)

OR (95% CI)*
N % N %

Antihistamines
No 37 44.1 82 38.1 1.00
Yes 47 55.9 133 61.9 0.83 (0.47–1.48)

Nasal spray
No 56 66.7 114 53.0 1.00
Yes 28 33.3 101 47.0 0.43 (0.24–0.79)b

Eye drops
No 66 78.6 159 74.0 1.00
Yes 18 21.4 56 26.0 0.82 (0.42–1.57)

Desensitisers
No 82 97.6 204 94.9 1.00
Yes 2 2.4 11 5.1 0.61 (0.12–3.05)

Any of above
No 21 25.0 40 18.6 1.00
Yes 63 75.0 175 81.4 0.48 (0.24–0.96)a

Frequency of use
Less than half the year 48 57.1 144 67.0 0.49 (0.24–0.98)a

More than half the year
but not every day/almost
every day

15 17.9 31 14.4 0.48 (0.19–1.21)

*Odds ratios adjusted for sex, age category, region, interview year and Townsend deprivation cate-
gory.–ap < 0.01.–bp < 0.05.

FIGURE 1 – Relative risk of gli-
oma in relation to self-reported his-
tory of allergy, previous studies
and the present study. The defini-
tion of �allergy� varies by study, but
usually includes asthma, hay fever
and eczema. Wiemels et al. (2002)
defined it as being allergic to speci-
fied allergens and Schwartzbaum
et al. (2005) as having a history of
asthma or hay fever. All studies
are case-control studies except for
the study by Schwartzbaum et al.
(2003), who reported results of 2
cohorts of subjects with self-re-
ported allergic conditions. The com-
bined estimate was 0.62 (95% CI:
0.56–0.68, p-heterogeneity 5 0.5),
obtained using the �meta� command
in STATA.21
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Reduced risks of malignancy in subjects with allergies have
been observed for several other cancers, including pancreatic can-
cer and leukaemia, but results have often not been consistent, and
for some cancers, such as lung cancer, the evidence points to an
increased risk.10,32–34 It has been hypothesised that reduced risks
of cancer in individuals with allergies are due to an increased state
of tumour immunosurveillance11; this hypothesis has recently
been refined.35

There are, however, potential alternative explanations. There
was a notable lack of specificity of glioma risk in our data across
allergic conditions and histological groups or in relation to number
of allergies or age at onset. This could point to confounding or
bias as the explanation. Confounding cannot be evaluated because
of the paucity of knowledge on causes of glioma. Development of
atopy, however, is related to early life exposures, such as infec-
tions and social circumstances including family size and socio-
economic status,18 and it is possible that shared early life determi-
nants for allergy and glioma confound the observed associations.
Genetic factors could also confound the relationship.

Interviewer bias could have occurred if interviewers asked
questions about minor conditions such as allergies in a different
way to glioma cases, who are often very ill, than to controls, who
are relatively well. As in many previous studies, our interviewers
could not be blinded to the participants’ case-control status,
although they were trained to treat both groups equally. Recall
bias could have occurred if cases had worse recall of their medical
history than controls, or if they saw as unimportant minor condi-
tions such as allergies, because they have a tumour. Our results
did not alter, however, if restricted to subjects whom the inter-
viewer felt, rightly or wrongly, had good recall.

Selection bias is possible given the relatively low participation
rate of controls––a problem in many Western countries in recent
years.36 We did not mention allergies in the invitation to take part
in the study, however, and selective participation of allergic sub-
jects among controls would need to have been large to explain the
results. Also, as the results of this study are consistent with those
from previous case-control studies with higher participation rates,
it seems unlikely that selection bias could explain the results. In
our study, the 51% case participation rate reflects the lengthy
process in obtaining permission to approach patients, the poor
prognosis of the tumour and the lack of ethics permission to
actively approach proxies of ill or deceased patients for interview.
This seems unlikely to have given bias, since there is no obvious
reason why such nonparticipation should be related to allergy sta-
tus and because allergies were not associated with histology or
tumour grade, i.e., with proxies of tumour prognosis. To control
for potential confounding by socio-economic related variables, we
adjusted the analyses for Townsend deprivation score, but this
cannot rule out the presence of residual confounding.

Reverse causality is possible, i.e., the inverse association be-
tween allergies and glioma risk might be due to suppression of the
immune system by the tumour itself. Glioma patients are known
to have immunological defects such as abnormal delayed hyper-
sensitivity responses, low number of circulating T cells, decreased
antibody response and impaired T-cell cytotoxicity.37,38 It is not
clear, however, for what length of time the tumour would be able
to exert immunological effects in its preclinical phase, which is
thought to be long for low-grade but brief for high-grade glio-
mas.39 Most previous studies on brain tumour risk in relation to
allergy or IgE levels were case-control studies, and so exposure
was assessed when the tumour was already present. Supporting
reverse causation in our study, glioma risk was only reduced in
subjects reporting eczema or hay fever present 1 year before the
reference date, but not for those whose condition had ceased
before then. In addition, risk reductions were strongest in subjects
reporting asthma or eczema with recent onset, although this did
not apply to hay fever. We did not, however, find convincing evi-
dence that risk reductions were strongest for low-grade tumours,
which might be reasonably expected because of their longer pre-

clinical phase. A recent study reported significant inverse associa-
tions of risk of glioblastoma with several single nucleotide poly-
morphisms in genes positively related to asthma or inflammation.9

If confirmed in future studies, this would imply an underlying con-
stitutional effect related to allergies, rather than reverse causation
or bias.

If the inverse association of glioma risk with allergies is due to
bias or reverse causality, cohort studies, if they incorporate long
enough lag periods, should not show reduced risk. The only cohort
study reporting on glioma risks8 showed a nonsignificantly
reduced risk of glioma in 1 group of subjects, but not in a second
group, with self-reported allergic disease (Fig. 1). Three other co-
horts have reported risk of brain tumours or CNS tumours; 2 (in-
cluding 1 very large) did not report significantly reduced risks33,40

and 1 reported a significantly increased risk.41 These studies did
not report on risks of glioma separately, although gliomas repre-
sent the majority of brain tumours.42

In our study, and in others,5–7 there is no clear trend of decreas-
ing risk with younger age at onset of the allergic condition. Fur-
thermore, risk in our study was not more strongly reduced in sub-
jects with several allergic conditions than in subjects reporting
only 1 condition. This argues somewhat against immunological
causes of glioma, because early-onset asthma, for example, is
more likely to be IgE-related than late-onset asthma,43 and be-
cause people with multiple allergies are more likely to be truly al-
lergic.44 Results related to severity of allergy were ambiguous.
Glioma risk among people with hay fever was halved for use of
antiallergenic medication, but this could reflect an effect of medi-
cation as well as disease severity. In contrast, risk was unrelated to
medication use among asthma sufferers or to the proportion of the
year subjects were affected by eczema, which might be proxies of
severity of these allergies. Data on allergies reported as physician-
diagnosed were collected in this study, which for asthma and hay
fever have high specificity and positive predictive values when
assessed against clinical physiological examination.45,46 The prev-
alence of reported allergy among controls was relatively high in
this study compared with previous studies, but the prevalence of
allergies in the UK have been reported to be among the highest in
international surveys.47–49 Our study did not have a concrete bio-
marker for allergy and some of the conditions reported by partici-
pants might not have been atopic (IgE-mediated). A previous
study, however, found strong inverse associations of glioma risk
both with IgE levels and self-reported allergy, although concord-
ance between the latter two was low, suggesting that an IgE-medi-
ated response might not directly be the mechanistic process driv-
ing the observed reduced risk.24

In conclusion, this study showed reduced risks of glioma in sub-
jects with a history of allergies, consistent with previous studies.
There was, however, a lack of specificity of effect across condi-
tions and histological groups, and an absence of a clear relation-
ship of risk with age at onset, latency, duration and severity of
allergy. Reasons for the association need clarification, as well as
aetiology, confounding, bias and reverse causality need to be con-
sidered.
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