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Purpose: Many epidemiological studies have investigated environmental risk factors for the development of acoustic neuroma.
However, these results are controversial. We conducted a meta-analysis of case-control studies to identify any potential relation-
ship between history of noise exposure, smoking, allergic diseases, and risk of acoustic neuroma.

Materials and Methods: We searched PubMed to identify relevant articles. Two researchers evaluated the eligibility and extracted
the data independently.

Results: Eleven case-control studies were included in our meta-analysis. Acoustic neuroma was found to be associated with lei-
sure noise exposure [odds ratio (OR)=1.33, 95% confidence interval (CI): 1.05-1.68], but not with occupational noise exposure
and ever noise exposure (OR=1.20, 95% CI: 0.84-1.72 and OR=1.15, 95% CI: 0.80-1.65). The OR of acoustic neuroma for ever (versus
never) smoking was 0.53 (95% CI: 0.30-0.94), while the subgroup analysis indicated ORs of 0.95 (95% CI: 0.81-1.10) and 0.49 (95%
CI: 0.41-0.59) for ex-smoker and current smoker respectively. The ORs for asthma, eczema, and seasonal rhinitis were 0.98 (95%
CI: 0.80-1.18), 0.91 (95% CI: 0.76-1.09), and 1.52 (95% CI: 0.90-2.54), respectively.

Conclusion: Our meta-analysis is suggestive of an elevated risk of acoustic neuroma among individuals who were ever exposed
to leisure noise, but not to occupational noise. Our study also indicated a lower acoustic neuroma risk among ever and current cig-
arette smokers than never smokers, while there was no significant relationship for ex-smokers. No significant associations were

found between acoustic neuroma and history of any allergic diseases, such as asthma, eczema, and seasonal rhinitis.

Key Words: Noise, smoking, allergy, acoustic neuroma, meta-analysis

INTRODUCTION

Acoustic neuroma, also referred to as vestibular schwannoma,
is a benign, generally slow-growing tumor that develops in the
acoustic nerve Schwann’s sheath in the inner auditory canal.
This tumor constitutes about 6 percent of all intracranial tu-
mors, with an incidence from 1 to 20 per million per year."* The
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gender ratio (females/males) for acoustic neuroma has been
reported to be greater than 1, and the mean age at diagnosis of
tumor ranges from 50 to 55 years old."* Due to better diagnos-
tic tools and increased awareness of the disease, patients with
acoustic neuroma can receive earlier diagnosis and better
therapy.

Currently, the etiology of acoustic neuroma remains largely
unknown. However, several studies have shown some predis-
posing factors for the development of acoustic neuroma, such
as ionizing radiation, radio frequency electromagnetic fields
(e.g., from mobile phone use), noise exposure, and allergic dis-
eases. Studies of children from atomic bomb survivors in Ja-
pan have linked moderate to high doses of ionizing radiation
to increased acoustic neuroma.>® Many case-control studies
have investigated the risk of acoustic neuroma after mobile
phone use with inconsistent results.” The systematic review
by Hardell, et al."” indicated an increased risk for ipsilateral
acoustic neuroma after >10 years of mobile phone use with a
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calculated odds ratio (OR) of 1.6 [95% confidence interval (CI):
1.1-2.4]. Until now, there is no systematic review analyzing the
potential risk of history of noise exposure, smoking, and aller-
gic diseases for acoustic neuroma. Thus, we carried out a me-
ta-analysis of case-control studies to clarify whether these his-
tories are risk factors of acoustic neuroma.

MATERIALS AND METHODS

Literature search

We searched PubMed to identify relevant studies published
from the inception thereof to January 2015 using the following
search terms: 1) “noise/sound’; “smoking/tobacco/smoke/
cigarette’, “allergy/autoimmune’; and “risk factor”; 2) acoustic
neuroma, vestibular schwannoma, and brain tumor. In addi-
tion, we searched the bibliographies of all identified relevant
publications and the bibliographies from citations for relevant
articles. Publication language was restricted. All studies iden-
tified by this process were subsequently screened by two in-
dependent reviewers (Chen and Fan).

Inclusion and exclusion criteria

Two reviewers (Chen and Fan) evaluated the studies indepen-
dently and discrepancies were resolved through discussion.
Articles were selected on the basis of the following criteria: 1)
case-control study; 2) acoustic neuroma cases that were med-
ically confirmed; and 3) raw data necessary to calculate OR
with CI. Studies were excluded if they did not have adequate
data to calculate ORs and 95% ClIs. Generally, we chose stud-
ies with a relatively larger quantity for the same research.
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Data extraction

The following data were extracted from eligible studies: study
authors, publication year, study site, sample size (numbers of
case patients and control subjects), research instruments, and
research contents. The two investigators above extracted the
necessary data independently from all included studies. ORs
and their respective 95% Cls were calculated from available
raw data.

Statistical analysis

Meta-analysis was performed on the extracted data with STA-
TA 11 software (StataCorp, College Station, TX, USA). The het-
erogeneity between included studies was assessed using I?
test. Heterogeneity was considered to be significant when I*
>75% and p<0.05. The data from each study were combined
using a fixed-effect model with the Mantel-Haenszel method
in case no heterogeneity was presented. Otherwise, the ran-
dom-effect model with the DerSimonian-Laird method was
used for analysis.

RESULTS

Search results and characteristics of studies

After searching PubMed and the bibliographies of all identi-
fied relevant publications, as well as screening by the inclu-
sion and exclusion criteria, 11 case-control studies were eligi-
ble.""* The study authors, publication year, study site, sample
size (numbers of case patients and control subjects), type of
control, research instruments, and research contents are all
listed in Table 1.

Table 1. Description of Epidemiological Studies on History of Noise Exposure, Smoking, Allergic Diseases, and Risk of Acoustic Neuroma

Study Year Country Case/control  Type of control Research contents Research instrument
Preston-Martin, etal.”” 1989 USA 86/86 Neighborhood  Occupational noise Interview
Brenner, et al.” 2002 USA 96/799 Hospital Allergies and autoimmune diseases  Interview

0 tional and Intervi
Edwards, etal 2006 Sweden 146/564 Population coupationar ant. eniewor.
nonoccupational noise questionnaire
Nordi tri d . . . .
Schoemaker, et al.™ 2007 or_|cc0L_Jn rles an 563/2703 Population Allergic diseases, smoking Interview
United Kingdom
Edwards, et al.™ 2007 Swedish 793/101756 Population Occupational noise Censuses data
: Smoking, noi ti d .
Schlehofer, et al.™® 2007 Germany 97/194 Population m_o . n0|se-(oc?upa onan Interview
leisure), allergic diseases
! Smoking, noise (occupatio .
Hours, etal.” 2009 France 108/212 Population |gn0| (oceupation Interview
and leisure)
Corona, et al." 2012 Brazil 44/104 Hospital Tobacco, occupational noise Interview
Smoking, tional noise, N
Han, etal.” 2012 USA 343/343 Hospital rOKINg, oceubational noise Questionnaire
allergic disease
Australia, Canada,
Turner, et al. 2013  France, Israel, 394/2520 Population Allergy, allergic disease Interview
New Zealand
: ) Smoking, noi tional N
Fisher, et al.?! 2014 Sweden 451/710 Population moking, noise {occupationa Questionnaire

and leisure)
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Meta-analysis results

Noise exposure and acoustic neuroma

The included studies in the meta-analysis for the risk associat-
ed with noise exposure comprised eight studies. There was a
high heterogeneity among these studies (I’=87.3%); therefore,
a random-effects model was used to analyze the association
between ever and never noise exposure. The OR was 1.15 (95%
CI: 0.80-1.65). As the assessment of these studies indicated a
high heterogeneity for occupational noise exposure (I°=86.4%),
the random-effects model was used to calculate the OR of 1.20
(95% CI: 0.84-1.72). The OR for leisure noise exposure was

Risk Factor and Acoustic Neuroma

1.33 (95% CI: 1.05-1.68) with a fixed-effects model (I*=0.00%)
(Fig. 1).

Smoking and acoustic neuroma

There were six studies including raw data on smoking. There
was a high heterogeneity among these studies (I’=93.7%), and
arandom-effects model was used to analyze associations. The
OR was 0.53 (95% CI: 0.30-0.94). Only four studies had data on
ex-smoker and current smoker. There was no heterogeneity
among these four studies (I’=0.00%), and a fixed-effects model
was used to analyze associations. The ORs were 0.95 (95% CI:
0.81-1.10) and 0.49 (95% CI: 0.41-0.59) for ex-smokers and cur-

Study A %
D OR (95% Cl) Weight
Preston-Martin, et al.” —— 1.80(0.97,3.34) 10.65
Edwards, et al.” —m— 1.67(1.14,2.43) 13.23
Edwards, et al.” + 1.19(1.01, 1.40) 14.99
Schlehofer, et al.’ —-—a— 1.73(1.06, 2.83) 12.01
Hours, et al.” | —— 2.12(1.30, 3.46) 12.05
Corona, et al.”® —a———= 0.62(0.29,1.32) 9.22
Han, etal.” —= 0.45(0.33,0.61) 13.92
Fisher, et al —=rt 0.87(0.64,1.18) 13.92
Overall (I-squared=87.3%, p=0.000) <::> 1.15(0.80, 1.65) 100.00
Note: weights are from random effects analysis :
T T
0.1 1 10
A Odds ratio
Study B %
D OR (95% Cl) Weight
Preston-Martin, et al." - 1.80(0.97, 3.34) 10.83
Edwards, et al.” + 1.79(1.14,2.82) 12.68
Edwards, et al.” + 1.19(1.01, 1.40) 15.35
Schlehofer, et al.”® L 199(1.17,339) 11.81
Hours, etal.” -—e-— 2.03(1.14,3.61) 11.29
Corona, et al.’® _— 0.62(0.29, 1.32) 9.36
Han, etal.”® — : 0.45(0.33,0.61) 14.23
Fisher, et al.” —f— 1.11(0.84, 1.47) 14.44
Overall (I-squared=86.4%, p=0.000) <® 1.20(0.84,1.72) 100.00
Note: weights are from random effects analysis '
T T
0.1 1 10
B Odds ratio
Study C %
D OR (95% Cl) Weight
Edwards, et al.” 1.40(0.58, 3.37) 6.52
Schlehofer, et al.'® 0.90(0.33,2.41) 7.14
Hours, etal.” . 2.89(1.01,8.32) 313
Fisher, et al.?' - 1.30(1.00, 1.69) 83.20
Overall (--squared=0.0%, p=0.435) <> 1.33(1.05, 1.68) 100.00
T T
0.1 1 10
C Odds ratio

Fig. 1. Odds ratio (OR) and 95% confidence interval (CI) for the association between ever noise exposure (A), occupational (B), and leisure noise exposure

(C) versus never noise exposure and risk of acoustic neuroma.
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rent smokers, respectively (Fig. 2).

Allergic diseases and acoustic neuroma

Five studies were included in the risk analysis of allergic dis-
eases (asthma, eczema, and seasonal rhinitis). A fixed-effects
model was used for the analysis of asthma and eczema (I*=
51.9% and 55.2%), while a random-effects model was used for
seasonal rhinitis (I’=88.8%). The ORs for asthma, eczema, and
seasonal rhinitis were 0.98 (95% CI: 0.80-1.18), 0.91 (95% CI:
0.76-1.09), and 1.52 (95% CI: 0.90-2.54), respectively (Fig. 3).

DISCUSSION

Our meta-analysis suggested an elevated risk of acoustic neu-
roma among individuals who were ever exposed to leisure
noise, but not to occupational noise and ever occupational or
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leisure noise exposure. Our study also indicated a lower acous-
tic neuroma risk among ever and current cigarette smokers
than among never smokers, while there was no significant re-
lationship for ex-smokers. Furthermore, no significant associ-
ations were found between acoustic neuroma and history of any
allergic diseases, such as asthma, eczema, and seasonal rhinitis.

Noise exposure and acoustic neuroma

In our study, acoustic neuroma was found to be associated with
leisure noise exposure (OR=1.33, 95% CI: 1.05-1.68), whereas
no statistically significant association was found between oc-
cupational noise exposure and acoustic neuroma (OR=1.20, 95%
CI: 0.84-1.72). The eight studies employed two methods of
data analysis: self-reports and job exposure matrix. We extract-
ed the self-reported exposure data to analyze the result of noise
exposure in our study. The self-reported exposure results of
eight studies were inconsistent, which induced the negative

Study A %
D OR(95% Cl) Weight
Schoemaker, et al." o = 0.76 (0.64,0.92) 18.31
Schlehofer, et al.’™ —*‘— 0.48(0.29,0.79) 16.32
Hours, etal.” —-—-— 0.73(0.46, 1.16) 16.57
Corona, et al.”® —— 1.21(0.56, 2.60) 13.90
Han, etal.” <= 0.10(0.07, 0.16) 16.84
Fisher, et al.”' ——— 0.75(0.59, 0.96) 18.06
Overall (I-squared=93.7%, p=0.000) <> 0.53(0.30, 0.94) 100.00
Note: weights are from random effects analysis |
T T
0.1 1 10
A 0dds ratio
Study B %
1D OR (95% Cl) Weight
Schoemaker, et al. —— 1.02(082,1.25) 51.28
Schlehofer, et al.’™® —_— 0.64(0.36, 1.13) 8.91
Hours, etal.” 0.92(0.50, 1.70) 6.26
Fisher, et al.” 0.92(0.71,1.20) 33.55
Overall (I-squared=0.0%, p=0.508) C) 0.95(0.81,1.10) 100.00
T T
0.1 1 10
B Odds ratio
Study C %
D OR (95% Cl) Weight
Schoemaker, et al." + 0.50(0.39, 0.65) 54.22
Schiehofer, et al.’® 031(0.15,0.63) 917
Hours, etal.” + 0.62(0.36, 1.07) 10.12
Fisher, et al.?! + 0.48(0.33,0.69) 26.49
Overall (I-squared=0.0%, p=0.490 <> 0.49(0.41,0.59) 100.00
T T
0.1 1 10
C 0Odds ratio

Fig. 2. Odds ratio (OR) and 95% confidence interval (Cl) for the association between (A) ever, (B) ex-smoker, and (C) current smoker versus never smoking

and risk of acoustic neuroma.
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meta-analysis result. However, the two studies that used the
job exposure matrix did not demonstrate an increased risk of
acoustic neuroma related to occupational noise exposure, even
after allowing for a long latency period.'>*! Two studies have
implied loud leisure noise as a risk factor for acoustic neuro-
ma,'"* while the other two studies did not imply the same con-
clusion.”® However, the largest-sample study by Fisher, et al.**
occupied the weight of 83.2%, which led to the elevated risk of
acoustic neuroma for leisure noise exposure. The different re-
sults between the occupational and leisure noise exposure may
be due to the healthy worker survivor effect.” The participants,
who developed hearing loss or tinnitus under the condition of
high-noise, may have left their occupations or transferred to
lower noise exposure occupations. Furthermore, people may
willingly expose unprotected ears to leisure noise levels that
would be unacceptable in the working environment and the

Risk Factor and Acoustic Neuroma

participants who are exposed to occupational noise may wear
protection devices that reduce the risk of acoustic neuroma.
Although noise exposure has been a possible predisposing
factor in the development of acoustic neuroma, the exact mech-
anism of noise on acoustic neuroma is still unclear. Experimen-
tal studies in rodents have shown clearly that severe acoustic
trauma from impulse noise causes mechanical damage of the
eighth nerve and the surrounding tissue.” The electrolytes dis-
equilibrium of Cochlea fluids and free radicals by loud acoustic
stimulation could induce DNA damage in cochlear cells.'"***
If cancer risk is proportional to the number of proliferating cells
that occurs during the repair process, as has been previously
postulated,® it is then plausible that a benign tumor such as
acoustic neuroma may arise due to cochlear hair cell trauma.
In the course of cellular repair processes, cellular division re-
sults in replication errors of DNA that may in turn lead to chro-

Study A %
D OR (95% Cl) Weight
Brenner, et al.”? ——— 1.27(0.72,2.27) 9.25
Schoemaker, et al.'* ET . 120(0.89, 1.62) 36.55
Schlehofer, et al.’™ 1.62 (0.66, 4.00) 3.37
Han, etal.”® —ﬁ—— 0.81(0.50, 1.31) 17.34
Turner, et al. 2 + 0.67(0.46, 0.98) 33.50
Overall (I-squared=51.9%, p=0.081) <> 0.98(0.80,1.18) 100.00

0.1 1 10
A 0dds ratio
Study B %
D 0R(95% Cl) Weight
Brenner, et al.” - 081(0.31,2.08) 419
Schoemaker, et al." Aé— 0.93(0.74,1.18) 57.92
Schlehofer, et al.™ —H 1.50(0.75, 3.01) 5.05
Han, et al.® H 180(0.87,372) 457
Turner, et al® + 0.63(0.42,0.93) 28.26
Overall (I-squared=55.2%, p=0.063) <> 0.91(0.76, 1.09) 100.00

T T

0.1 1 10
B Odds ratio
Study C %
D 0R(95% Cl) Weight
Brenner, et al.” —‘—"‘— 2.29(1.38,3.78) 19.22
Schoemaker, et al.™ — | 1.08(0.85, 1.36) 22.36
Schlehofer, et al." —_— 2.46(1.26,4.79) 16.85
Han, et al.'® P 2.44 (155, 3.85) 19.85
Turner, et al® — 0.67(0.49, 0.90) 2173
Overall (I-squared=88.8%, p=0.000) <<> 1.52(0.90, 2.54) 100.00
Note: weights are from random effects analysis :

T T

0.1 1 10

c Odds ratio

Fig. 3. Odds ratio (OR) and 95% confidence interval (Cl) for the association between (A) asthma, (B) eczema, and (C) seasonal rhinitis and risk of acoustic

neuroma.
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mosomal changes necessary for neoplastic transformation.'!

Smoking and acoustic neuroma
The OR of acoustic neuroma for the ever (versus never) smok-
ing was 0.53 (95% CI: 0.30-0.94), while subgroup analysis in-
dicated ORs of 0.95 (95% CI: 0.81-1.10) and 0.49 (95% CI: 0.41-
0.59) for ex-smokers and current smokers, respectively. Only
one study by Schoemaker, et al.** analyzed the role of cigarette
smoking on the risk of acoustic neuroma, while other case-
control studies only had the necessary data on cigarette smok-
ing. Schoemaker, et al. indicated that the risk of acoustic neu-
roma was significantly reduced in subjects who had regularly
smoked cigarettes, although the reduction occurred only in
current smokers, not ex-smokers. There are two studies similar
to our current work.””* One study by Palmisano, et al.,” in
which data were extracted from the study by Fisher, found that
the risks for ever cigarette smoking, former smoker, and cur-
rent smoker were 0.80 (95% CI: 0.61-1.04), 0.98 (95% CI: 0.73-
1.32), and 0.54 (95% CI: 0.36-0.81), respectively. Another exclud-
ed cohort study by Benson, et al.?® noted that current smokers
were at significantly reduced risk of acoustic neuroma, com-
pared with never smokers [adjusted relative risk (RR)=0.41,
95% CI: 0.24-0.70], and past smokers had no significantly dif-
ferent risk than never smokers (RR=0.87, 95% CI: 0.62-1.22).
The possible mechanisms for the inverse association be-
tween smoking and risk of acoustic neuroma are as follows:
Both in vitro and in vivo animal studies have shown that nico-
tine exposure suppresses the severity of experimental autoim-
mune encephalomyelitis.*®* This attenuated inflammatory
response implicated nicotine as the chemical substance re-
sponsible for the protective effects on acoustic neuroma gen-
esis.” Smoking has a hypoxic effect on human tissue, and the
onset and duration of tissue hypoxia paralleled the well-estab-
lished plasma pharmacokinetics of nicotine.* In vitro study
showed a significant decrease in the Schwann cells survival af-
ter culture under a hypoxia/reoxygenation condition, which re-
duced the mRNA levels of brain derived neurotrophic factor
(BDNF).** BDNF mRNA expression is significantly up-regulat-
ed in acoustic neuroma and correlated with proliferative activ-
ity, as shown by the analysis of the acoustic neuroma sam-
ples.” The latter pathway can reasonably explain why cigarette
smoking protects against acoustic neuroma risk.

Allergic diseases and acoustic neuroma

Five studies were included in the risk analysis of allergic diseas-
es. The ORs for asthma, eczema, and seasonal rhinitis were 0.98
(95% CI: 0.80-1.18), 0.91 (95% CI: 0.76-1.09), and 1.52 (95%
CI: 0.90-2.54), respectively. Studies by Brenner, et al." and Shoe-
maker, et al." showed no significant association between al-
lergic diseases and risk of acoustic neuroma, whereas a study
by Schlehofer, et al.'® found an increased risk for seasonal rhini-
tis, but not asthma and eczema. A large, 13-country population-
based case-control study indicated a significant inverse asso-

http://dx.doi.org/10.3349/ym;}.2016.57.3.776
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ciation between allergic history and acoustic neuroma (OR=
0.64, 95% CI: 0.49-0.83). Meanwhile, inverse associations with
asthma and seasonal rhinitis were strengthened with increas-
ing age of allergy onset and weakened with longer time since
onset.”” However, a case-control study nested in the European
Prospective Investigation into Cancer study reported an inverse
association between elevated respiratory-specific IgE concen-
trations and glioma (OR=0.73, 95% CI: 0.51-1.06), but not me-
ningioma or acoustic neuroma.*

Publications on the direct effect of allergic diseases on the
development of acoustic neuroma are scarce. One explana-
tion for the inverse associations between an allergic history and
cancer risk is the hypothesis of immuno-surveillance, which
was proposed firstly in 1970 by Burnet.* The hypothesis states
that the immune system protects the host against the devel-
opment of cancer. Another explanation might be reverse cau-
sality, which means that the observed association might be
due to suppression of immune system by the tumor itself.**

Nevertheless, the present meta-analysis indicated that sea-
sonal rhinitis may be a possible risk factor of acoustic neuro-
ma (OR=1.52, 95% CI: 0.90-2.54). Sensitivity analyses for the
meta-analysis of seasonal rhinitis showed that exclusion of
any single study did not materially alter the overall combined
risk estimate, with a range from 1.34 (95% CI: 0.78-2.29) to
1.89 (95% CI: 1.13-3.16). Until now, there have been no exact
mechanisms postulated on the relationship between seasonal
rhinitis and acoustic neuroma. A study investigating the asso-
ciation between seasonal rhinitis and polymorphisms in Thl,
Th2, and cytokine genes suggested a high association of sev-
eral genetic variants for elevated IgE phenotype in seasonal
rhinitis patients.* IgE-mediated allergic rhinitis may result in
dysfunction of the eustachian tube and otitis media, which
might prompt patients to receive additional examinations and
discovery of acoustic neuroma."

Other risk factors and acoustic neuroma
There are still several other possible risk factors for acoustic
neuroma, such as head injury, alcohol consumption, and his-
tory of cancer. The study by Schoemaker, et al." found that the
risk of acoustic neuroma was not significantly reduced in par-
ticipants who had a history of head trauma (OR=0.8, 95% CIL:
0.6-1.1). The result was consistent with the case-control study
by Corona, et al.’® (OR=1.37, 95% CI: 0.66-2.82) and the cohort
study by Inskip, et al.*” (RR=0.8, 95% CI: 0.4-1.7). However, one
neighborhood-base case-control study indicated a two-fold in-
crease in acoustic neuroma risk in men 30 years or older after
a major head trauma." The study by Schoemaker, et al."* fur-
ther indicated that the risk of acoustic neuroma is significantly
raised for a history of epilepsy (OR=2.5, 95% CI: 1.3-4.9). Ear-
lier studies found that acoustic neuroma risk was not related
to consumption of alcohol, history of cancer/diabetes, and fam-
ily cancer.'"***®

Several limitations of this study should be considered. First-
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ly, our meta-analysis contains 11 case-control studies. Owing
to information about exposure that relied on the participants’
memory, recall bias is common in case-control studies. Sec-
ondly, the sample sizes between these eligible studies vary
widely. Several studies included a relatively small sample,'"'®
which raised some concerns regarding the reliability of their
results. Thirdly, there are potential confounding factors that
may affect the results, such as different control types and re-
search instruments. Among the enrolled studies, different
studies are adjusted for different confounding factors: for ex-
ample, age, gender, socioeconomic status, and region.

In summary, this meta-analysis suggested an elevated risk
of acoustic neuroma among individuals who are ever exposed
to leisure noise but not to occupational noise. We also found a
lower acoustic neuroma risk among ever and current cigarette
smokers than never smokers, whereas there was no signifi-
cant relationship for ex-smokers. The elevated risk of acoustic
neuroma was not positively related with any allergic diseases.
The public health hazards associated with both cigarette smok-
ing and occupational noise are well known and well document-
ed; therefore, it is not our intention to endorse smoking as a
means of protection against the development of acoustic neu-
roma. We also do not support loud occupational noise expo-
sure without protection devices. Considering the limitations
of our meta-analysis, our present findings should be interpret-
ed with caution. Prospective studies including enough cases
are needed to further confirm the role of these risk factors in
the etiology of acoustic neuroma.
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