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INTRODUCTION

Accounting for approximately 39% of all
primary central nervous system (CNS) tu-
mors and 54.5% of all nonmalignant tu-
mors, meningiomas are the most common
primary CNS neoplasm subtype, with their
incidence increasing worldwide.”?
Meningiomas arise in the meninges from
arachnoid cap cells, cellular components
of the pia mater, arachnoid mater, and
the septae and trabeculae of the
subarachnoid space.? Disease severity of
meningiomas is stratified according to
the World Health Organization criteria,
which includes grades I, II, and III,
starting with benign histology and
indolent behavior progressing to atypical

BACKGROUND: Meningiomas are one of the most common benign primary
brain tumors; however, there is a paucity of literature on potential preventability.
This comprehensive review aimed to explore the existing evidence for the po-
tential risk factors that may contribute to meningioma development and to
discuss early prevention strategies.

METHODS: Literature search was conducted via MEDLINE, Embase, Web of
Science, and Cochrane Database to retrieve existing literature on various
environmental exposures and lifestyle behaviors that are potential risk factors
for the development of meningiomas.

RESULTS: Significant risk factors included exposure to ionizing radiation and
certain environmental chemicals. Notably, this study also identified that ciga-
rette smoking and obesity are associated with the development of meningiomas.
To date, wireless phone usage, hormonal exposures, dietary factors, and trau-
matic brain injury remain inconclusive. Early prevention strategies should pri-
marily be family-driven, community-based, and public health-endorsed
strategies. Targeting unhealthy behaviors through healthcare organizations
could execute a pivotal role in the maintenance of an optimum lifestyle,
reducing the development of risk factors pertinent to meningiomas.

CONCLUSIONS: To our knowledge, this is the first study that offers a
perspective on prevention of meningiomas. A causal relationship of risk factors
in developing meningiomas cannot be directly established with the current
evidence. We are aware of the limitations of the hypothesis, but we believe that
this study will raise more awareness and our findings could potentially be
endorsed by organizations promoting health across the globe. Further prospec-
tive and retrospective studies will shed more light on this topic and help
establish a definitive relationship.

or malignant tissue appearances and
aggressive tissue infiltration. Classically,
meningiomas are slow-growing benign
tumors, with the most recent statistical
report from the Central Brain Tumor
Registry of the United States showing that
79.8% of meningiomas are grade 1. When
symptomatic, patients present clinically
with neurological deficits depending on
location, such as focal or generalized
seizure disorders, psychomotor
symptoms, or behavioral disturbances.* A
proportion of patients remain
asymptomatic, and the diagnosis is
incidental, especially with greater use of
advanced imaging techniques in modern
medicine; studies®’ have shown that

approximately 1%—3% of the population
harbor incidental meningiomas, with the
prevalence higher in older patients.

Nevertheless, as meningiomas are rela-
tively rare compared to other cancers,
previous studies have encountered several
obstacles, such as incomplete reporting,
selection bias and detection bias, among
others.® Therefore, it may not be
surprising that little is known about
established risk factors contributing to
the natural history of meningioma
tumorigenesis. Whether prevention of
meningiomas is a possibility as a new
route to explore or is there sufficient
evidence to support this endeavor are
questions to be answered.
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Epidemiology

The incidence of meningiomas increases
with age, with a dramatic increase after
the age of 65 years.” The incidence rate in
patients aged 20—34 years is 1.51/100,000;
17.82/100,000 in ages 55—64 years and
59.67/100,000 in ages 85+ years.” Benign
and malignant meningiomas are 2.3
times and 1.1 more common in females
compared to males, respectively.” While
age and sex are nonmodifiable risk
factors for meningiomas, it is even more
crucial to focus on the modifiable risk
factors and the preventive strategies that
could make a substantial change in the
progression of meningioma cases.

METHODS

A broad systematic search strategy was
employed to capture the emerging risk
factors in meningioma tumorigenesis. The
key terms included combinations and
synonyms of the following: “meningioma”
and (“obesity,” “overweight,” “genetics,”
“hormone,” “cigarette smoking,” “head
injury,” “ionizing radiation,” “mobile
phone,” or “diet”). We first conducted
searches of the following online databases
in February of 2023: Medline and EMBASE
via Ovid, Web of Science Core Collection
(Clarivate), and Cochrane Database of
Systematic Reviews. All retrieved refer-
ences were uploaded into RefWorks Pro-
Quest online interface and duplicates
automatically and manually, if required,
were removed.

Studies were eligible for inclusion if
they were 1) a meta-analysis and/or sys-
tematic review evaluating the association
between the respective risk factor and the
development of meningioma and 2) if
there were no available studies to fulfil
criteria 1), studies were included if
randomized-control trials, cohort or case-
control studies were available for the
respective risk factor-meningioma associ-
ation. Exclusion criteria were 1) studies
published before the year 2000 and 2)
studies written in non-English language.
Two independent authors, D.S. and A.C.,
screened titles and abstracts for relevancy
from the database search and excluded
articles that were deemed insignificant.
From the included studies, the authors
then evaluated the full-text articles for
further data extraction.

RESULTS AND DISCUSSION

Before exploring various risk factors that
may contribute to the development of
meningiomas, it is worth reviewing the
different levels of prevention and the cor-
responding modes of intervention in the
natural progression of any disease. Pri-
mordial prevention consists of actions to
minimize future hazards to health and
hence inhibits the establishment of factors
that are known to increase the risk of
disease. It addresses broad health de-
terminants rather than preventing per-
sonal exposure to risk factors, which is the
goal of primary prevention. Primary pre-
vention seeks to prevent the onset of
specific diseases via risk reduction by
altering behaviors or exposures that can
lead to disease or by enhancing resistance
to the effects of exposure to a disease
agent. These are collectively referred to as
early prevention strategies.

Obesity
In 2016, the International Agency for
Research on Cancer Handbook Working
Group concluded that there is sufficient
evidence to establish the association be-
tween a low body fat percentage and a
decreased meningioma risk in humans.’
These studies had satisfactory evidence
and statistical power to suggest the
benefits of a reduced body fat percentage
and prevention of meningiomas, even
after excluding the effects caused by
chance, confounding variables, and bias."
Several other authors have also investi-
gated the relationship between excess
body fat and meningiomas (Table 1). In a
meta-analysis that was carried out in 2014,
which included 6 studies, an overall rela-
tive risk of 1.12 (95% CI 0.98—1.28) for
overweight and 1.45 (95% CI 1.26—1.67)
for obesity was obtained. However, on
subgroup analysis by gender, a significant
association was detected for obese women
only."* Another meta-analysis including 16
studies carried out by Sergentanis and
colleagues showed that there is an overall
relative risk of 1.27 (95% CI 1.13—1.43)
among females and 1.58 (95% CI 1.22—
2.04) among males associated with over-
weight status or obesity and meningioma
risk.”® In addition, a meta-analysis pooling
2982 meningioma patients from 12
eligible case-control and cohort studies
also reported positive associations: the

overall relative risk for the overweight
group was 1.21 (95% CI 1.01—1.43), and
for obesity, 1.54 (95% CI 1.32—1.79)."” A
more recent meta-analysis of studies
with  longer  follow-up  durations
concluded that the association between
obesity and meningioma in relative risk
yields an overall value of 1.48 (95% CI,
1.30—1.69; P < 0.001). This dose-response
meta-analysis also showed that for every
5 kg/m* increments in body mass index,
the relative risk for meningiomas was 1.19
(1.14—1.25) (P < o0.001), whilst ruling out
any evidence of publication bias and
heterogeneity."

Overall, given the growing body of evi-
dence, body fat percentage plays a role in
the development of meningiomas. Me-
ningiomas join the growing cluster of
cancers that are highly likely associated
with obesity, including cancers of the
oesophagus, pancreas, colorectum, endo-
metrium, kidney, and breast in post-
menopausal women.”® Thus, there is
potential for strategies that lower body
fat composition for its primordial and
primary preventions.

Indeed, the prevalence of obesity
worldwide is growing. If recent research
has revealed the likely association be-
tween meningioma risk and obesity, is it
reasonable to assume that the increasing
number of meningioma cases is due to
obesity as opposed to less common risk
factors, such as ionizing radiation (IR) or
genetic  predispositions? However,
obesity is a result of a constellation of
environmental factors and establishing a
cause-effect relationship is complex.
Obesity may not even be the primary
causative modifiable factor for meningi-
oma, as it is perhaps the result of other
causative factors, such as unhealthy life-
styles, behaviors and sex hormones. An
unhealthy lifestyle has been well docu-
mented in the literature’* to be an
essential risk factor for different types
of cancer, thus, could these be
addressed and potentially reverse the
trajectory of meningiomas?

Although it is agreed that body mass
index is a strong suspect in the develop-
ment of meningioma, the aetiological
mechanisms that drive the direct link be-
tween obesity and meningioma are un-
clear. Therefore, further research and
larger studies could examine the possible
parameters in depth.®
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Table 1. Overview of the Meta-Analyses Examining the Association Between Excess Body Fat and Meningioma

Reference Study Topic Study Design Participants Results Conclusions
Zhang et al., 2021"" Relationship Meta-analysis Obesity (5 case-control + 6 cohort) Excess weight (overweight
between BMI and meningiomas Cohort = 9 RR = 1.48 and obesity) was associated
Normal weight Case-control = 7 (95% CI: 1.30—1.69) with an increased risk of
BMI = 18.5—24.9 kg/m? Overweight N =11614 P < 0.001 development of meningiomas.
BMI = 25.0 to 29.9 kg/m? Obesity Control = 3,887,156 Moderate heterogeneity Linked to a 48% increase in
BMI > 30.0 kg/m? 2 =35.8% the risk of meningiomas. No
P=10112 significant association
Publication bias was not detected by Egger’s test between underweight and risk
(P=0.339) of meningiomas. For every
Overweight (4 case-control + 5 cohort) 5 mg/m? increase in BMI,
RR =1.18 there was a 19% increment in
(95% Cl: 1.07—1.31) the risk of meningioma.
P =0.001

No heterogeneity
2 = 0 P = 0.454 Publication bias was not detected by
Egger’s test
(P=10.929)
Underweight
(1 case-control + 2 cohort)
RR =1.03
(95% ClI: 0.64—1.64)
P = 0.9 No heterogeneity
P=0P=074
Publication bias was not detected by Egger’s test
(P=10632)
Dose-response analysis
(4 case-control + 1 nested case-control + 6 cohort)
No evidence of a nonlinear relationship with BMI and
meningioma
For every 5 mg/m? increment of BMI
RR =1.19
(1.14—1.25)
P < 0.001 No heterogeneity
1> = 0% P = 0529
Publication bias was not detected by Egger’s test

(P=10.412)
Niedermaier et al., 2015'2 Meta-analysis Overweight versus normal weight (combined) Moderate increase in risk of
Association between overweight/ Cohort = 6 RR = 1.21 (95% ClI: 1.01—1.43) meningioma in overweight
obesity and risk of meningiomas Case-control = 3 Class | obesity versus normal weight (combined) individuals compared to
Normal weight N = 2982 RR = 1.92 (95% Cl: 1.41—2.60) individuals with normal
BMI = 18.5—24.9 kg/m? Overweight Class Il—IIl obesity versus. normal weight (combined) weight.
BMI = 25.0 to 29.9 kg/m? RR = 1.55 (95% Cl: 1.05—2.30) Substantial increase in risk of
Class | obesity Class | — Il obesity versus. normal weight (combined) meningioma in obese
BMI = 30.0—34.9 kg/m? RR = 1.54 (95% Cl: 1.32—1.79) individuals compared to
Class | — Il obesity Begg test and Egger test indicated no statistically individuals with normal
BMI > 30.0 kg/m? significant evidence of publicationbias (all P values > weight.
Class Il — Il obesity 0.16) Dose-response curve showed
BMI > 35.0 kg/m? Combined = both No between-study heterogeneity for any of the analysis statistically significant
women and men (all Pvalues > 0.44) positive association between
Dose-respanse relation of BMI to meningioma is BMI and meningioma in
nonlinear (P linearity <0.001) women, men and combined.
Statistically significant positive association in men
(P=10.02)
Statistically significant positive association in women
(P < 0.001)
Statistically significant positive association in combined
(P < 0.001)

BMI: Body mass index
Continues
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Table 1. Continued

Reference Study Topic

Study Design Participants

Results

Conclusions

Sergentanis et al., 2015 Association
between being overweight/obese and
risk of meningioma in women and men
Normal weight

BMI = 18.5—24.9 kg/m?

Overweight

BMI = 25.0 to 29.9 kg/m? Obesity
BMI > 30.0 kg/m?

Shao et al., 2014' Association
between excess body weight and risk
of meningioma

Normal weight

BMI = 18.5—24.9 kg/m?

Overweight

BMI = 25.0 to 29.9 kg/m?

Obesity

BMI > 30.0 kg/m?

Meta-analysis Overweight versus normal weight in women

Cohort = 6 Pooled RR = 1.11
Case-control = 5 (95% Cl: 0.99—1.25)
N =3, 296 1 = 8.3%
P = 0.366

Obesity versus normal weight in women
Pooled RR = 1.48
(95% ClI: 1.28—1.71)
12 =00%
P = 0546
Overweight versus normal weight in men
Pooled RR = 1.39
(95% Cl: 0.95—2.03)
[ = 29.0%
P=0238
Obesity in versus normal weight men
Pooled RR = 1.78
(95% Cl: 1.22—2.61)
[ = 29.6%
P=0224
Overweight and obese pooled together in women
Pooled RR = 1.27
(95% ClI: 1.13—1.43)
[ =357%
P=10.078
Overweight and obese pooled together in men
Pooled RR = 1.58
(95% Cl: 1.22—2.04)
2= 27.2%
P =0.202
Dose-response analysis between overweight/obesity
status versus risk of meningioma in women
BMI in increments of 5 kg/m?
Exponentiated coefficient = 1.15
(95% ClI: 1.03—1.28)

P=0.018
Meta-analysis Obesity versus normal weight in women
Cohort = 4 RR = 1.46
Case-control = 2 (95% Cl: 1.26—1.69)
N = 1376 1 = 0.0%

Control = 1,212,889 P for heterogeneity 0.515

Obesity versus normal weight in men

RR = 1.30
(95% Cl: 0.64—2.62)
= 0.0%

P for heterogeneity 0.427
Obesity versus normal weight in combined
RR = 1.45
(95% ClI: 1.26—1.67)
I =00%
P for heterogeneity 0.550
Overweight versus normal weight in combined

RR = 1.12
(95% Cl: 0.98—1.28)
2 =0.0%

P for heterogeneity 0.722

Overweight and obesity were
significantly associated with
the development of
meningioma in women.
Overweight and obesity were
significantly associated with
the development of
meningioma in men.

A statistically significant link
between the risk of
meningioma and obesity in
women was observed.
No statistically significant link
between the risk of
meningioma and obesity in
men.

An assaciation between an
increased risk of meningioma
and obesity in the population
was identified.

No significant association
between risk of meningioma
and overweight.

BMI: Body mass index
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lonising Radiation

It is well established that exposure to IR
significantly increases the risk of devel-
oping meningiomas, with studies quoting
an increase of up to 1o-fold.”” Exposure to
higher radiation doses corresponds to
shorter latency periods, but exposure to
lower doses also carries a considerable
risk. Due to the physiological and latency
period differences, studies®*' show that
exposure to  moderate-to-high IR
(>0.5 Gy) during childhood is associated
with a higher incidence of meningiomas
later in life. In addition, at lower doses, 1
meta-analysis®* revealed a positive dose-
response relationship. If IR exposure oc-
curs during adulthood, the latest system-
atic review”® reported no association
between IR and the risk of CNS tumors,
including meningiomas. Further studies
are essential to expand our
understanding of IR and meningiomas.

Genetics

Over the last decade, several genetic bio-
markers that characterise meningiomas
have been identified.** Although these
biomarkers may be used to predict tumor
behavior,  prognosis and  clinical
management, there are instances where

To date, the most significant genetic
finding is the neurofibromatosis 2 (NF2)
gene, a tumor suppressor gene, located on
chromosome 22qr2 that is mutated or
deleted in approximately half of all spo-
radic meningioma cases.>>*°

If the gene alteration is acquired as a
germline mutation, it may lead to neuro-
fibromatosis type II (NF2), an autosomal
dominant familial syndrome in which
approximately 50% of NF2 patients
develop multiple, aggressive intracranial
meningiomas™ in their lifetime, with the
onset of their first lesion typically
occurring at an average of 30 years of
age.® NF2 patients could receive regular
medical check-ups and/or screenings, ge-
netic testing for early detection and man-
agement, and genetic counselling based
on individual risk factors with genetic
profiles. Other familial syndromes of sig-
nificance include Gorlin,*” Cowden,*® and
Werner*° syndromes.

In contrast, NF2 alterations may occur
as somatic mutations, leading to sporadic
tumors. Approximately, 40%—60% of
sporadic meningioma cases are driven by
non-NF2 mutations (Figure 1).*” Other
pertinent somatic non-NF2 mutations
associated with the development of me-
ningiomas are shown in Figure 1. In

they may also be applied in early addition, the accumulation of
detection, monitoring, or even, genetic chromosomal instabilities and
counselling. cytogenetic ~ aberrations  are  also
WHO Grade Grade | Grade Il Grade lll
Affected genes l NF2 (40-60%) |
] TRAF7 (25%) |
TERT
\ 7% | | 57% |
SMARCB1 (8%) |
Non-NF2 PIK3CA (4-7%) |

5 POLR2A (6%)
mutations

KLF4 (9-12%)

{
\
somatic ‘
\
\
\

SMO (3-5%)

|
|
AKT1 (7-12% |
|
|

SMARCE1 |

| BAP1

Chromosomal abnormalities(® Deficit: 22q

Acquisition: 1q, 9q, 12q, 15q, 17q, 20q

Deficit: 1p, 6q, 10, 14q, 18q Deficit: 9p

Amplification: 17q

TRAF7 ; TERT ; SMARCB1; PIK3CA; POLR2A ; KLF4 ; AKT1,; SMO; SMARCE1, BAP1;

(a) Chromosomal abnormalities

Figure 1. Somatic genetic mutations and chromosomal abnormalities, stratified by WHO grade, for
meningiomas, along with their corresponding prevalence rates. TRAF7'; TERT?’*?; SMARCB1°%;
PIK3CA?”: POLR2A®*; KLF4°?; AKT1?°; SMO®®; SMARCE1°%: BAP1°S: (a) Chromosomal
abnormalities®”*’ WHO: World Health Organization.

associated with meningioma World
Health Organization grade,
aggressiveness, and recurrence shown in
Figure 1.

However, limited genomic and epige-
netic studies have been carried out to
elucidate the genetic basis of meningioma
development. Large-scale genome-wide
association studies and high-throughput
sequencing are needed to determine sus-
ceptibility to meningioma in patients at an
earlier stage.®®

Hormonal Exposure

Considering the increased incidence in
females and the substantial proportion of
cases demonstrating somatostatin, pro-
gesterone, estrogen, and androgen re-
ceptors, it has been  previously
hypothesized that hormones play a role in
meningioma development.””394"

Studies pertaining to meningioma risk
in patients taking exogenous sex hor-
mones have given discordant results. A
recent meta-analysis suggested that the
use of oral contraceptives is not related to
the risk of meningioma.** Conversely,
consistent evidence from observational
studies found that menopausal hormone
replacement therapy was associated with
an increased risk of meningioma.” In
addition, age of menarche, age at
menopause, and age at first birth did not
significantly contribute to the risk of
developing meningioma, however
postmenopausal status and parity were
statistically significant.*> Clarifying these
associations through larger, prospective
studies would help provide insights into
the risk of meningiomas and their
connection to sex hormones.

Wireless Phone Usage

A widely debated risk factor for meningi-
oma is wireless phone usage. Wireless
phones emit radiofrequency electromag-
netic field signals, which may play a role
in the tumorigenesis of meningiomas. To
date, the published literature is heteroge-
neous without any definitive correlations.
There is no consistent evidence of an
increased risk of meningioma among
mobile phone users as current observation
periods are too short.*** Of note, the
most recent systematic review and meta-
analysis suggested that wireless phone
usage is associated with a decreased me-
ningioma risk.** However, further high-
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Table 2. Overview of the Meta-Analyses Examining the Relationship Between Cigarette Smoking and Meningioma

Reference Study Topic

Study Design Participants

Results

Conclusions

Chao et al., 2021%
Association between active
cigarette smoking and the risk
of developing meningioma in
women, men and combined

Zhong et al., 2021
Association between smoking
and risk of meningiomas in
women

Claus et al., 2012

Effect of gender on the
association between cigarette
smoking and risk of
intracranial meningiomas

Fan et al., 2012%°
Relationship between
cigarette smoking and the
development of meningioma
in men, women, and combined

Meta-analysis cohort = 2

Case-control = 10

N = 2255 control = 1,207,912

Meta-analysis
cohort = 1
Case-control = 6
N = 2132
Control = 1,178,959

Meta-analysis
Case-control = 7
N = 2614
Control = 1,179,686

Meta-analysis
Cohort = 2
Case-control = 7
N = 1376
Control = 1,212,889

Women
RR = 0.92
(95% Cl: 0.73—1.16)
Men
RR = 1.42
(95% Cl: 1.16—1.74)
Combined, women and men
RR = 1.09
(95% CI: 0.90—1.33)

Ever versus never smoking
Pooled OR = 0.83
(95% Cl: 0.90—1.33)

P for heterogeneity 0.085
USA studies (3 studies)
Pooled OR 0.77
(95% Cl: 0.68—0.87)

P for heterogeneity, 0.362
Worldwide (non-USA) (4 studies)
Pooled OR 0.99
(95% Cl: 0.73—1.35)

P for heterogeneity, 0.100
Current versus never smoking
Pooled OR = 0.78
(95% Cl: 0.66—0.93)

P for heterogeneity 0.229
Past versus never smoking
Pooled OR = 0.82
(95% Cl: 0.71—0.94)

P for heterogeneity 0.679

Ever versus never smoking in women
Pooled OR = 0.82
(95% ClI: 0.68—0.98)
Ever versus never smoking in men
Pooled OR = 1.39
(95% Cl: 1.08—1.79)

Ever versus never smoking combined
(6 case-control + 2 cohort)
Risk estimate = 0.95
(95% Cl: 0.87—1.05)

P for heterogeneity 0.177
Current versus never smoking combined
(4 case-control)

Risk estimate = 0.79
(95% ClI: 0.50—1.25)

P for heterogeneity 0.069
Past versus never smoking combined
(3 case-control)

Risk estimate = 0.84
(95% Cl: 0.69—1.03)

P for heterogeneity 0.177
Ever versus never smoking in women
(4 case-control + 1 cohort)
Risk estimate = 0.86
(95% ClI: 0.65—1.13)

P for heterogeneity 0.019
Ever versus never smoking in men
(4 case-control)

Risk estimate = 1.49
(95% ClI: 1.06—2.09)

P for heterogeneity 0.210

In women, active smoking was not a
significant risk factor for meningioma.
In men, active smoking was a
significant risk factor for meningioma.
In the whole population, active
cigarette smoking did not increase the
risk of developing meningiomas.

Ever, current, and past smoking were
associated with a significantly reduced
risk of meningioma in women.
Note, according to subgroup analysis,
a decreased risk of developing
meningiomas in women ever smokers
was observed in USA studies only.

In terms of women, ever smokers were
at significantly decreased risk of
meningioma relative to never smokers.
In terms of men, ever smokers were at
significantly increased risk of
meningioma relative to never smokers.

No significant association was seen
for ever, current, and past smokers in
the whole population.

Ever smoking was associated with an
increased risk of meningioma in men
but not in women.
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quality, robust studies are required to
establish a definitive relationship.

Carcinogens

Cigarette Smoking. Our search strategy
yielded a total of 4 meta-analyses that
studied the association between tobacco
smoking and the development of menin-
giomas (Table 2). Chao et al. concluded
that  tobacco  smoking did not
significantly increase the risk of
developing  meningiomas in  the
population.*” However, in the subgroup
analysis, the risk in males who smoked
cigarettes was 42% higher compared to
their controls, which is statistically
significant. In contrast, smoking reduces
the likelihood of  meningioma
development by 8% in females. Three
other meta-analyses agreed with similar
findings; ever,*®>° current** and past®®
smoking were associated with a
significantly reduced risk of meningioma
in women. On the contrary, in terms of
men, ever*®>®  smokers are at
significantly increased risk of
meningioma relative to never smokers.

DIETARY FACTORS

Inconsistent results have been widely
observed when studies have investigated
the relationship between meningiomas
and diet, which includes the consumption
of cured meat and fruits/vegetables. N-
nitroso compounds have been hypothe-
sized to play a critical role in the devel-
opment of meningioma.>” Furthermore,
the International Agency for Research on
Cancer  has classified  N-nitroso
compounds as  probable  human
carcinogens, as experimental research
has demonstrated the formation of N-
nitroso compound derivatives able to
induce brain tumors in animals.>® The
primary source of dietary N-nitroso
compounds is cured meat and
precursors.>?

One international case-control study
observed no clear patterns of significant
dietary associations between leafy green
vegetables, yellow-orange vegetables,
cured meat, noncured meat, fresh fish,
eggs, grains, and citrus fruits with the
aetiology  of  meningiomas.>*  In
comparison to previous research, there
was also an inconsistent association
between cured meat and the risk of

meningioma.>* A considerable number of
studies have combined the histological
subtypes of brain tumors to explore
dietary risk factors, resulting in a
heterogeneous case group.

KETOGENIC DIET

Emerging studies have proposed that a
ketogenic diet could be a therapeutic op-
tion in primary brain tumors, as tumor
cells lose the ability to convert from
glucose-to  ketone-dependent  meta-
bolism.>> This has been suggested in case
reports and cohort studies that
investigated the antitumoral effects of a
ketogenic diet in gliomas, however, the
evidence  remains  unclear.>>>® In
addition, a correlation between serum
glucose and meningioma risk has been
suggested in several studies,’>*" as
reviewed by Selke and colleagues.®
Based on this analysis, it can be argued
that there is potential for the ketogenic
diet to be used in primordial prevention
and is worthy of future study to explore
its application in meningiomas.

Occupation

Several studies have attempted to find an
association between the role of occupa-
tional exposure and meningioma carcino-
genesis; however, the findings have been
inconsistent up to date. It is important to
note that a larger proportion of studies
have directed their attention on the asso-
ciation between occupational factors and
the risk of all brain tumors or on the risk
of glioma, therefore there is a lack of ev-
idence in the meningioma subgroup.
Although findings have been inconsistent,
1 case-control study, which examined
lifetime work history from 197 cases of
meningioma observed a significantly
elevated risk of meningioma in individuals
who worked as automobile body painters,
designers and decorators, military occu-
pations, industrial production supervisors,
teachers, and managers.f’g In addition, in
genetically susceptible individuals, there
was a clear association between the risk
of meningioma and lead exposure in
individuals carrying the ALAD2 allele.*
Bhatti and colleagues further provided
evidence that lead exposure increases the
risk of meningioma by inducing the
production of reactive oxygen species
and diminishing antioxidant proteins.®>

Interestingly, a French prospective
cohort (AGRICAN) investigated the asso-
ciations between the incidence of menin-
gioma and lifetime agricultural exposures
to carbamate herbicides and fungicides
over a period of 8 years (2005—2013).°° For
meningiomas, there was a statistically
increased risk when exposed to the

following carbamate herbicides:
chlorpropham and/or propham and
diallate. In terms of fungicide

carbamates, everexposed individuals were
at an increased risk of developing
meningioma. Regarding fungicide, a
significant association was observed with
cuprobam exposure.”®

Traumatic Brain Injury (TBI)

The incidence of TBI is much higher than
the incidence of brain tumors and most
individuals with TBI do not develop brain
neoplasms. A recent systematic review
demonstrated that no definite link can be
established between the two entities.”
Although there is a growing number of
publications aiming to explore the
relationship between the two, the quality
of evidence is moderate-to-low since the
majority are retrospective cohort, case-
control studies, and case reports with a
level of evidence of III, IV, and V respec-
tively. Currently, no randomized or pro-
spective comparative studies have been
published. This is possibly due to multi-
ple, intrinsic variables that control the
post-TBI meningioma development causal
relationship, therefore becoming unlikely
to conduct studies with a higher quality of
evidence. The limitations faced by all
studies reviewed by Shah et al., were recall
bias, selection bias, generalizability, and
insufficient sample sizes. In addition,
Shah et al. reported that the average time
between head trauma and the diagnosis of
brain tumors, including meningioma, had
a latency period of 12.9 years + 10.7.
Noteworthy, the most common brain tu-
mors that were reported were meningi-
omas, representing over half of all cases
(24/45—53.3%). Overall, there is no statis-
tical significance that could be drawn from
current literature.

Potential Strategies for Effective Early
Prevention of Meningiomas

From the modifiable risk factors associ-
ated with the development of meningi-
omas discussed, it is the question of
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whether preventive strategies can be
implemented within the population and
how these preventive efforts can be maxi-
mized. Despite a lack of high-quality,
robust clinical trials, the review authors
propose the following discussion points
regarding strategies for effective primor-
dial and primary prevention (Figure 2).

Research has shown that perhaps the
best stage for introducing early prevention
strategies is in childhood, as implement-
ing good behaviors in children is easier
because of greater neuroplastic potential.
According to Bronfenbrenner’s ecological
systems theory, a child’s development
adds up to the aggregation of genetic,
biological, psychological, and environ-
mental factors that are determined by the
immediate environment, such as the
family nucleus, and more peripheral en-
vironments, like schools and the wider
community.®® For instance, with regards
to cigarette smoking, literature shows
that ever smokers commence smoking
before reaching young adulthood with a
majority based on social influence.”
Schools are also considered critical
environments for preventing childhood
obesity, as they offer the opportunity to
provide  healthy  dietary  patterns,
nutritional education, and increased
physical activity to children.”®

Theories regarding biological processes
also provide another rationale for early
primordial intervention, with an emphasis
particularly on obesity. It has been shown
that the growth trajectory to obesity is
initiated in early childhood,”* where initial
screening is recommended in children 6—
12 years of age.”” However, emerging
evidence suggests that prenatal, early
infancy and early childhood factors
contribute to the surfacing of obesity in
at-risk populations, and perhaps primor-
dial efforts should start earlier. Fleming
and colleagues have suggested that a
multigenerational mechanism character-
izes the aetiology of obesity. Ideally, stra-
tegies for all risk factors should aim to
optimize conditions at all stages from pre-
conception, in utero, early infancy, to
school age in order to effectively mitigate
the predisposition to unhealthy behav-
iours.”””7 A meta-analysis assessed pri-
mordial prevention strategies in childhood
obesity and favorable outcomes were
identified in the child’s growth trajectory
when counselling regarding breastfeeding,
complementary feeding, diet advice,
physical activity, and sleep was provided to
parents in a clinical setting and or through
community visits.”®

To be most successful, health promo-
tion strategies perhaps ought to be

targeted at the various levels that influence
child development including 1) the indi-
vidual, 2) family, 3) the community, and 4)
the nation. At both individual and com-
munity levels, holistic approaches that aim
to improve health education and literacy
should empower children to make
informed decisions and adopt healthy be-
haviors from an early stage.”>"*

The prevention of unhealthy behaviors
cannot merely be summed up by the
implementation of a single intervention
but instead requires a broader set of ap-
proaches® and a focus on complex
systems.®>®  According to Rutter and
colleagues, the complex systems model
of evidence is defined mainly by three
sets of properties: emergence, feedback,
and adaptation.’ For a national
primordial intervention to be effective, it
must take into consideration all three
properties and their intricate
interactions. Further research is therefore
necessary to decipher the complex
mechanisms that co-ordinate the incep-
tion of unhealthy behaviors to ensure its
effectiveness.

Limitations

Residual confounding may have impacted
the results obtained from the studies
reviewed, as cohort and case-control

promote healthy food choices

ayoung age

+ Legislations to curb production and sale of
food detrimental to health

Addressing childhood obesity through early
screening and intervention strategies

* Nutritional education for children

multi-level strategies

Nutritional Interventions
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+  Cutdown of pre-packaged foods, red meat, cured meat, etc.
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Figure 2. Potential strategies for effective early prevention of meningiomas.
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studies are prone to bias with confounding
variables that cannot be adjusted for.
Moreover, a causal effect cannot be
determined with certainty, particularly in
case-control studies which represents a
significant limitation.

Additionally, most of the studies
included in this review were conducted in
Western countries, making it difficult to
generalize the findings to a wider
population with potentially different
socio-economic backgrounds or biological
reserves. Thus, caution ought to be exer-
cised when interpreting and validating
these results and applying them to other
settings.

CONCLUSION

Is prevention of meningioma possible at
the primordial and primary levels? Our
review has suggested that the evidence
base for the role of early prevention in
meningiomas remains limited. The cau-
sality of what we believe as the potential
contributors remains highly debatable but
nonetheless forms a basis for future
epidemiological research. We believe that
our study will bring awareness in this re-
gard. Global health-promoting organiza-
tions and national health strategies could
potentially focus on implementing change
in current healthcare policies and actively
promote healthy lifestyle promotion.
There is sufficient evidence for the asso-
ciation of obesity, cigarette smoking, and
ionizing radiation as risk factors for me-
ningioma development, which may pro-
vide a rationale for future prospective
studies investigating primordial and pri-
mary prevention. We believe that the focus
on primordial and primary prevention of
meningioma will remain a forerunner to
explore this concept and address this issue
and its feasibility for future generations.
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