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Abstract

Background The chance of incidentally detecting brain tumors is increasing as the utilization of magnetic resonance imag-
ing (MRI) becomes more prevalent. In this background, knowledge is accumulating in relation to the prediction of their
clinical sequence. However, their prevalence—especially the prevalence of glioma—has not been adequately investigated
according to age, sex, and region.

Method We systematically reviewed the articles according to the PRISMA statement and calculated the prevalence of
meningiomas and diffuse gliomas in adults using a generalized linear mixed model. Specifically, the differences related to
age, sex, and region were investigated.

Results The pooled prevalence of incidental meningiomas in MRI studies was 0.52% (95% confidence interval (CI) [0.34—
0.78]) in 37,697 individuals from 36 studies. A meta-regression analysis showed that the prevalence was significantly
higher in elderly individuals, women, and individuals outside Asia; this remained statistically significant in the multivariate
meta-regression analysis. The prevalence reached to 3% at 90 years of age. In contrast, the prevalence of gliomas in 30,918
individuals from 18 studies was 0.064% (95%CI [0.040 — 0.104]). The meta-regression analysis did not show a significant
relationship between the prevalence and age, male sex, or region. The prevalence of histologically confirmed glioma was
0.026% (95%CI [0.013-0.052]).

Conclusions Most of meningiomas, especially those in elderlies, remained asymptomatic, and their prevalence increased with
age. However, the prevalence of incidental gliomas was much lower and did not increase with age. The number of gliomas
that developed and the number that reached a symptomatic stage appeared to be balanced.

Keywords Asymptomatic - Glioma - Incidental - Meningiomas - MRI

Introduction

The chance of incidentally detecting brain tumors is increas-
ing as the utilization of magnetic resonance imaging (MRI)
becomes more prevalent in research and clinical prac-
tices. Among incidental tumors, meningiomas, pituitary
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adenomas, schwannomas, and gliomas were assessed by
MRI [50]. The accumulated knowledge on the natural course
of these incidental asymptomatic brain tumors is still not
sufficient to predict the future growth of individual tumors.
Although it is assumed that early detection and treatment can
improve survival, this hypothesis has not been validated [37,
60, 65]. On the other hand, both risks associated with treat-
ment and psychological stress trigger dilemmas in patients
with incidental tumors under a wait-and-see strategy [26,
50].

Very few meta-analyses have analyzed the prevalence
of incidental brain tumors other than pituitary adenomas
[13, 43]. Morris et al. reported that the prevalence of dif-
ferent types of incidental brain tumors among 19,599 indi-
viduals was as follows: meningiomas, 0.29%; pituitary
adenomas,0.15%; vestibular schwannomas, 0.03%; and
gliomas, 0.05% [43]. Conversely, Ezza et al. reported that
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the prevalence of pituitary adenoma on imaging studies is
as high as 22.5% [13]. The difference was due to MRI pro-
tocols including thin section section-coronal and -sagittal
plains. Other meta-analyses reported a rate of brain tumors
as a whole and did not describe the prevalence of each type
of tumor [15]. The reported prevalence varied according
to the age of the population and the male—female ratio in
each study. The prevalence may also change according to
the region targeted in the search. Such subgroup analyses
of incidental brain tumors have been insufficient, although
more than 20 studies have reported the prevalence of inci-
dental brain tumors on MRI [1, 3-5, 7, 9, 16, 18-21, 24,
28-31, 34, 36, 39, 42, 54, 56, 57, 59, 61, 63] since the
review by Morris et al. [43].

Although majority of incidental meningiomas are known
to be indolent, the selection of patients who are suitable for
treatment is still controversial [49]. The elucidation of the
prevalence and age distribution of incidental meningiomas
is important for predicting the possibility of symptomatic
growth of meningiomas. Asymptomatic incidental menin-
giomas were found in 1.3-2.3% of autopsy studies [48, 55].
These data may not be applicable to a modern population
because the studies were performed more than 30 years pre-
viously based on the data that were mainly obtained more
than 50 years previously. Actually, from 1985 to 2019, the
age-adjusted incidence of meningioma in the US population
increased more than three times, 2.5/100,000-year in 1985
[22] vs. 8.33 in 2019 [38]. The increased incidence might
be explained by alterations in the population composition,
exposure to risk factors, and the widespread use of imaging
studies. However, the true frequency of asymptomatic men-
ingioma in the same period has not been elucidated.

Recent studies discussed the strategy to treat gliomas
that were found incidentally [41, 60]. Gliomas are one of
the most frequently encountered brain tumors, but they are
rarely diagnosed during the asymptomatic phase. It is not
known how often incidental gliomas become symptomatic
because the prevalence of asymptomatic gliomas has not
been clarified. Previous reports about the prevalence of inci-
dental gliomas contained very few patients, and the majority
of the cases were not histologically proven [3]. Furthermore,
previous systematic reviews included not only diffuse glio-
mas (diffuse astrocytic and oligodendroglial tumors) but also
other types of gliomas such as pilocytic astrocytomas and
gangliogliomas [43]. The recent WHO classification clearly
distinguishes the latter because of the different molecular
and clinical features [40].

In this meta-analysis, we selected asymptomatic menin-
giomas and gliomas as candidates for the comparison of
clinical implications, because they have a comparable clini-
cal incidence but a different prevalence on MRI, and they
are associated with controversial management issues that
clinicians often encounter. Pituitary adenomas and vestibular
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schwannomas were excluded from this study because the
patients with these tumors were often symptomatic, with
accompanying manifestation of which they were unaware.

We systematically reviewed the relevant literature and
calculated the prevalence of meningiomas and diffuse glio-
mas. Specifically, the difference among age groups, sex, and
study regions was investigated.

Methods
Literature search and data extraction

The present study followed the PRISMA statement. The
search flow diagram is outlined in Supplementary file 1. We
searched for relevant English articles using the keywords
“magnetic resonance OR MRI”, “brain”, and “incidental OR
asymptomatic” and published from 1990 to November 2020
in PubMed, Scoups, and Google Scholar; “meningioma”,
“glioma”, “tumor”, or “neoplasm” were combined key
words. The search was performed on November 24, 2020.
The exact search strategy has been described in Supplemen-
tary file 1. Although studies confined to familial tumor syn-
dromes such as neurofibromatosis were excluded, studies
in patient groups with comorbidities (such as trauma, heart
diseases, or migraine) were included when such findings
were incidentally identified. We incorporated studies that
recruited 2 100 participants with a mean age of > 20 years.
Two of the authors searched the relevant literature indepen-
dently, and final selection was determined by discussion.

Risk of bias

The majority of incorporated studies were descriptive
cross-sectional studies that reported the number of cases in
a particular population at a time point or during a period of
time. We used the JBI critical appraisal checklist for studies
reporting prevalence data, which was developed as a tool
for conducting systematic reviews of prevalence, to evaluate
the risk of bias (Supplementary file 2) [45]. The adequate
sample size was calculated by putting precision (d) as a half
of expected prevalence, which was 1% for meningiomas and
0.1% for gliomas [47]. The adequate sample size was calcu-
lated to be 1520 for meningiomas and 15,200 for gliomas.

We estimated the publication bias using a funnel plot.
As the assessment in traditional funnel plot is known to be
inappropriate for the proportional studies with rare events,
the estimate was performed using the method described by
Hunter et al. [23]
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Extraction of incidence data

In each study, we collected the mean age, sex (male
ratio = the number of men/total population), and the num-
bers of meningiomas and diffuse gliomas. Follow-up results
and histological diagnoses were also recorded if available.
Pilocytic astrocytomas, gangliogliomas, and ependymomas
were excluded from diffuse gliomas. When only the median
age was recorded, the median value was used instead of the
mean (two studies). In two studies in which only the age
range was described (60 to 64 years, and 17 to 82 range),
we used 62 years and 49.5 years, respectively, as the mean
age. We grouped the regions from which the studies origi-
nated as Asia (Japan, Taiwan, and China) and other regions
because white and black Americans had a significantly
higher incidence of benign meningiomas in comparison
to Native Americans and Asian/Pacific Islanders [12]. The
studies were divided into small (< 500 participants) or large
and normal participants (normal volunteer or health check-
up) or participants with specific comorbidities (symptoms
or diseases not related to incidental findings [e.g., cardiac
disease, diabetes, dysmenorrhea, or migraine]).

Statistical analysis

We used the R software program (v4.03) to perform the
statistical analyses. A random-effects model was applied in
the meta-analysis. We used the “metaprop” function in R to
perform a single-arm meta-analysis to calculate prevalence.
Because several studies reported a null incidence, we ini-
tially used Freeman-Tukey double arcsine transformation.
The results of the meta-analysis based on the back-transfor-
mation of the Freeman-Tukey double arcsine transformation
can be erroneously smaller than all individual study results,
especially in cases that include diverse sample sizes [58].
For this reason, we used the generalized linear mixed model
(GLMM) with maximum-likelihood method. A GLMM can
directly calculate the prevalence without transformation and
has advantages in meta-analyses that include null incidence.
The confidence intervals for individual studies were calcu-
lated by the Clopper-Pearson method.

The reviewed studies were tested for heterogeneity (I°
statistic), and meta-regression analyses were performed to
identify factors related to heterogeneity. Two-sided P values
of <0.05 were considered to indicate statistical significance.

Ethical approval & informed consent.

This review did not involve direct studies on humans, and
informed consent was not required.

Results

After removing duplicates, we retrieved 125 articles for full-
text assessment to determine their eligibility (Supplementary
Fig. 1). Articles with symptomatic tumors, without radio-
logical diagnosis, CT studies, and overlapping data were
excluded. Studies without an adequate MR sequence or
whole-body MRI using a body coil were also excluded. As
a result, we selected 35 articles and added 1 through cross-
referencing. We analyzed the frequency of meningiomas in
36 studies [1, 3-5,7, 9, 16, 18-21, 24, 25, 27-36, 39, 42, 44,
52, 54, 56, 57, 59, 61-64, 66] and of gliomas in 34 studies
[1,3-5,9, 16, 18-21, 24, 25, 27-29, 31-36, 39, 42, 44, 52,
54,56, 57, 59, 61-64, 66] (Table 1, Supplementary File 3).

Meningiomas

The prevalence of incidental meningiomas in MRI stud-
ies was 0.52% (95% confidence interval (CI) [0.34-0.78],
?=80.7%) in a total of 37,697 individuals (Table 2)
(Fig. 1a). The funnel plot and regression test did not detect
a publication bias (P =0.69) (Supplementary file 4). A sub-
group analysis revealed a significant difference between
Asia (0.22%, 95%CI [0.10-0.51] and other regions (0.66%,
95%CI [0.43-1.02] (P=0.022) (Fig. la). We found no
difference between large and small studies (large 0.56%
[0.32-0.98] vs. small 0.59% [0.35-1.0], P=0.89) or studies
in healthy participants and those with comorbidity (healthy
0.42% [0.24-0.75] vs. comorbidity 0.81% [0.48-1.4],
P=0.10).

The results of meta-regression analyses were concordant
with the results of subgroup analyses (Table 3). The preva-
lence was affected by the mean age (P <0.0001) (Fig. 1b),
male ratio (P=0.0046), and region (P=0.017). The mul-
tivariable meta-regression analysis showed statistically
significant differences in mean age (P=0.0004), male ratio
(P=0.012), and region (P=0.043) (Table 3).

Gliomas

The prevalence of incidental gliomas in MRI studies was
0.071% (95%CI [0.045-0.110], I=0%) in a total of 34,763
individuals (Fig. 2a). A funnel plot, however, showed moder-
ate asymmetry with a significant regression test (P =0.006)
(Fig. 2b). As shown in the funnel plot, some of the small-
sized studies (< 500 participants) had a relatively high preva-
lence. Considering the publication bias due to the small-
study effect, we excluded these small-sized studies from the
subsequent analyses. Consequently, the prevalence in 30,918
individuals in 18 studies is calculated to be 0.064% (95%CI
[0.040-0.104]) in Table 2. A funnel plot of the large-sized
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Table 1 (continued)

(5

EE‘ 2 studies showed slight asymmetry, which did not show statis-
o © Z tical significance in a regression test (P=0.41).
%o g 3 g § In the meta-regression analysis, we detected no signifi-
glm 2 B 2 cant differences in the mean age (P=0.79) (Fig. 2c), male
% % £ ratio (P=0.73), regions (P=0.10), participants (P =0.48),
Z S E or study size (P=0.48) (Table 3).
Elzx o E _‘E In addition, we calculated the prevalence of histologi-
g : cally proven gliomas. The prevalence was 0.026% (95%ClI
= . o .
= 3 [0.013-0.052], 12=0%) in 30,918 participants. The follow-
% g ing tumors were histologically confirmed: astrocytoma,
3 % % n=3; oligodendroglioma, n=1; mixed glioma, n=1; low-
= = 87 grade gliomas, n=1; high-grade glioma (a pontine tumor
5} g s & s . .. 1. .
gl z = -85 diagnosed from clinical course), n=1; and glioblastoma
= 1) () - e . . . .. . .
81252 = 52 b (a patient with mild cognitive dysfunction who might have
i e been symptomatic), n= 1. On the other hand, we noticed
® S~ , n=1. s
9 % Z S that several authors described suspicious mass lesions that
=i $ . . . . .
2| & E £ : showed hyperintensity on FLAIR without a diagnosis [18,
> g S . . o .
2| = g L;; % 20, 63]. These lesions are not included in this analysis; how-
(5] . .
- ir» 2 5 E ever, they are included in Table 1.
2| = 592
=8 °g8e
O 2 88 S e .
Slcige | £5¢ Sensitivity analysis
S|E " & ZE3
g E,:S ; The leave-one-out method (excluding each study one-by-one
- ° = from the analysis) did not substantially change the pooled
g g % S prevalence of meningiomas, which ranged from 0.49 to
Sl 2 f g I 0.59% (I’ 85.4-90.4%). The most influential study was a
% § E g study in young men [64]. Although this study contained
© = E s g no meningioma cases, despite the large study population
‘E" _ < =t E S (n=2536), we did not exclude the study because of the
Q = .
— 2.cH results of the meta-regression analyses.
o 2% $ .
Nk 5 2 5 In gliomas, the leave-one-out method showed that the
= =i .
S = %’ %D i change in pooled prevalence ranged from 0.06 to 0.073%
sls = £ g with no change of I°.
SlT & |28z
ol I
8 ECE Di .
E ERERS iscussion
= JACI™
= iz} <
elae g S % E .In t}ns study, we. showed the prevaler.lce .of incidental mep—
E55 ingiomas and gliomas on MRI. Meningioma was found in
= o . .
= SEe 0.52% of the studied populations. In contrast, the prevalence
f 8 % g5 "§ of glioma was much lower (0.064%). Each of the included
[Sle=} a = S . . . .

23 B a ~: 2 % studies targeted different populations with regard to age, sex,
£ 52 3 ) ER: 8 and region. Thus, we were able to analyze factors related to
— < .o . . . . ..

_;l;- B a:: B A : S g prevalence by a meta-regression analysis without individual

g 5 E¢ g :j g data. In meningiomas, the prevalence changed with age,

sl © £ % = male ratio, and region, whereas the prevalence of glioma

2 g . .

T g o S was not likely to be influenced by these factors.

=} - eh ©

= £ § E

o | — s - ..

3 T Sg E Meningiomas

slg 2 |gif

o ST S S E Previous studies reported that incidental meningiomas were

55 — @)Y ?DT’ > . . ..

218 3 bl % found more frequently in elderly individuals and women.
O} ==

2z 2 G However, those reports rarely showed the exact age and sex
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Table 2 Summary of study population

Meningiomas Diffuse gliomas
Analyzed studies 36 studies 18 studies
N=37,697 N=30,918
Prevalence 0.52% 0.064%
95%CI [0.34-0.78] 95%CI [0.040-0.104]
Gender Male 20,126 Male 16,917
Female 17,571 Female 14,001
Mean age 56.97 years 56.30 years
Region Asia 7 (Japan 3, China 3, Taiwan 1), Other 29 (USA 6, Europe Asia 5 (Japan 3, China 1, Taiwan 1),
18, Australia 3, Middle East 2) Other 13 (USA 2, Europe 10, Middle
East 1)
Participants Healthy, 25 studies Healthy, 14 studies

With comorbidity, 11 studies

With comorbidity, 4 studies

CI confidence interval

distribution because the majority of the studies lacked data
of the whole cohort, with the exception of autopsy studies.
The prevalence of meningioma in this study (0.52%) was
higher in comparison to that in the meta-analysis by Morris
(0.29%) [43] because the latter included studies in pediatric
populations. We showed that age was strongly associated
with prevalence (Fig. 2c), with the prevalence in the popula-
tion of > 90 years of age approaching 3%. Although the rate
is slightly lower in comparison to the value reported in an
autopsy study (4.6% in individuals of > 80 years of age) [48],
some of the cases involving small meningiomas that were
found on autopsy might have been missed on MRI. Despite
the increase in the number of cases of clinically diagnosed
meningiomas, the frequency of asymptomatic meningiomas
in each age group is not likely to increase in comparison to
the era of autopsy studies, which were based on the data
obtained between 1950 and 1983 [48]. Consequently, recent
increase in the incidence of meningiomas is likely due to the
increase in the number of radiologically diagnosed tumors.

A report based on the SEER database showed that the
incidence of meningiomas was lowest in Native Americans
and relatively low in Asians and Pacific islanders [12]. This
may be due to an identification bias, because the Central
Brain Tumor Registry of the United States (CBTRUS)
showed that>50% of meningiomas were radiologically
diagnosed [53]; Native American and Asian people may be
less likely to undergo MRI; thus, incidental meningiomas
may be less frequently diagnosed. Because there were no
studies in Native Americans, we investigated the difference
between Asian (actually obtained from East Asia) and non-
Asian regions and found a difference in the prevalence of
incidental meningiomas on MRI.

Gliomas

Diffuse gliomas (astrocytomas, oligodendrogliomas, and
their malignant forms) were included in this study. The
prevalence of diffuse glioma was 0.064%, when lesions that
the authors diagnosed as glioma were included. However,
the prevalence of histologically confirmed gliomas was
0.023% (including one clinically diagnosed tumor). Haberg
cautioned that most cases in which glioma initially suspected
were found to be false positives [18]. In their 13 cases in
which low-grade glioma was initially suspected, one was
found to be astrocytoma after resection; after additional
imaging studies, the other 12 lesions were gliosis (n=06),
cyst (n=2) and benign unspecific lesions (n=4). Thus,
lesions that were defined as glioma without histological con-
firmation might not actually be glioma. On the contrary, sus-
picious mass lesions that showed hyperintensity on FLAIR
without histological confirmation [18, 20, 63] might have
been gliomas. Thus, the prevalence of diffuse glioma was at
least 0.023% and probably 0.054%.

Although various age groups, male ratios, and regions
were included in this study, the heterogeneity of the pooled
estimate of glioma prevalence was very low. We found no
significant differences in age, sex, or region. Although epi-
demiological studies showed high incidence rates in males
[53], clinical studies on incidental glioma showed a female
preponderance [17]. Incidental gliomas in females might
have slower growth or be less likely to be symptomatic in
comparison to those in males.

Comparison with epidemiological studies
Epidemiological studies reported the incidence rate and
prevalence of meningioma. The age adjusted incidence

rate was reported to be 4.5-5.6/100,000 person-years [6, 8,
11, 14]), while that of CBTRUS in a middle-age or older
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Fig. 1 The results of the a
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population was reported to be much higher (17.8/100,000
person-years) [53]. This is because > 50% of the population
with CBTRUS had radiologically diagnosed meningiomas.
Annually, 5-12 patients were treated per 100,000 popula-
tion among middle-age and older individuals in a UK study.
That study reported that the incidence rate and prevalence
of meningiomas increased with age [6] (Fig. 3a). On the
other hand, incidental meningiomas were found on MRI
in> 1% of patients of >70 years of age and reached 3% in
patients of > 90 years of age (Fig. 3a). It is assumed that
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many meningiomas develop even in old age and that most
remain asymptomatic with a slow growth rate.

In epidemiological studies, the estimated age-adjusted
incidence rates of glioma were 4.5 to 6.1 per 100,000 per-
sons-years [2, 10, 51]. Although the incidence rate is com-
parable to that of meningiomas, the prevalence of inciden-
tal gliomas on MRI was much lower in comparison to the
prevalence of meningioma (Fig. 3b). This was partly because
incidental glioblastomas were very rarely detected on MRI
because glioblastoma is a rapidly growing tumor that has a
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Fig. 1 (continued)
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Table 3 Results of the meta-regression and multivariate meta-regres-
sion analyses

Meta-regression Estimate p

Meningiomas

Mean age 0.051 [0.026-0.075] <0.0001

Male ratio —3.24 [-5.48 to—1.00] 0.0046

Region 1.15[0.205-2.09] 0.02

Study size —0.339 [-1.200.525] 0.44

Participants —0.462 [—1.32-0.399] 0.29

Multivariate meta-regression

Mean age 0.039 [0.017-0.060] 0.0004

Male rate —2.80[-4.95t0—-0.626]  0.012

Region 0.80 [0.026-1.57] 0.043

Diffuse gliomas*

Mean age —0.0041 [-0.034 0.79
to—0.026]

Male ratio —0.523 [-3.54-2.50] 0.73

Region 1.02 [-0.208-2.24] 0.10

Participants 0.670 [—-0.791-2.13] 0.37

Estimate =logit transformed value; CI, confidence interval; “the
results was calculated in large-size studies (N >500); [], 95% confi-
dence interval

small chance of being detected in the incidental phase. We
have to be cautious about such a “length—time bias”. The
prevalence of tumors with rapid growth is estimated to be

0 0 @f)“é

30

90
Age (years)

lower than the true value, because, in screening studies that
take several years to recruit participants, patients with malig-
nant tumors would not be recruited before the manifestation
of symptoms.

The most prominent difference between the prevalence
of incidental meningiomas and gliomas on MRI was the
distribution in age groups. The prevalence of incidental
meningiomas increased markedly with age, while that of
glioma did not. If a part of incidental tumors remains asymp-
tomatic, their prevalence on MRI is expected to increase
with age when new development is constant. In gliomas,
development and symptomatic growth appear to balance out,
and most of incidental gliomas become symptomatic with
a latent period; another interpretation is that—while part of
gliomas remain asymptomatic—the asymptomatic phase of
gliomas becomes much shorter with age due to their more
rapid malignant change.

Limitations

The present study was associated with some limitations. One
critical limitation of this study is the lack of histological
confirmation in the majority of cases. Although a dura-based
mass with typical radiological features rarely has a histol-
ogy other than meningiomas [46], it is difficult to diagnose
glioma with a conventional MRI sequence. For this reason,
we analyzed the incidence of histologically proven gliomas.
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Fig.2 The results of the meta-
analysis of studies on glioma. a
A forest plot showing the preva-
lence of incidental gliomas on
MRI. Smaller studies (S, <500)
often had a larger prevalence
although the difference was

not statistically significant
(P=0.59). b A funnel plot
showing moderate asymmetry
(P=0.006). ¢ The mean age and
prevalence of incidental gliomas
on MRI. A meta-regression
analysis revealed a non-sig-
nificant relationship between
the mean age and prevalence.
(y=exp (—0.004x —7.1)/
(1+exp (—0.004x —7.1)),
P=0.79). The size of the bal-
loon represents the size of each
study. Gray balloon, study in
Asia
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Another problem is the study size. We calculated that the
adequate study size was 1250 for meningioma and 12,500
for glioma. A minority of the studies on meningioma and
none of the studies on gliomas reached an adequate size.
Although the synthesized population reached > 30,000, the
small studies on gliomas tended to report a higher preva-
lence. Because the prevalence of gliomas is very low, small
studies with positive findings might be relatively easily
published. In contrast, smaller studies are more likely sup-
pressed from publication if their results are not impressive.
Consequently, the pooled prevalence might be skewed to be
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higher. Although we excluded studies on glioma with <500
participants, this might have been insufficient. While a pre-
vious meta-analysis included low-volume studies with even
less than 100 cases [43], such a small-study effect should
be cautiously considered when the calculated incidence is
very low.

One possible problem is that the majority of popu-
lation-based studies had a recruitment period of one to
several years. Participants with a rapidly growing inci-
dental tumor who wait months for MRI may become
symptomatic. Such a length—time bias is not related
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Fig.2 (continued)
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Fig. 3 Comparison between the
prevalence of incidental tumors
on MRI and epidemiological
studies. a The prevalence of
incidental meningioma and

the age-adjusted incidence rate
in an epidemiological study

in UK [6]. b The prevalence

of incidental gliomas and the
age-adjusted incidence rate in
an epidemiological study in the
USA [52]

to the prevalence of meningiomas, which generally
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Conclusions

show slow growth; however, it is related to some glio-

mas, which may grow rapidly with possible malignant

transformation.
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We performed a meta-analysis to investigate the prevalence
of incidental brain tumors on MRI using GLMM. The
pooled prevalence of incidental meningiomas was 0.52%
(95% C1[0.34-0.78]). A meta-regression analysis showed
that the prevalence was significantly higher in the elderly,
females, and in non-Asian areas; the findings remained
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significant in the multivariate analysis. The prevalence
increased markedly with age and reached to approximately
3% at> 90 years of age. In contrast, the prevalence of dif-
fuse gliomas was low (0.064%), while the reported inci-
dence rates of clinically diagnosed meningioma and diffuse
glioma were comparable. The prevalence of incidental glio-
mas was not related to age, male sex, or region.

Most of meningioma, especially those in the elderly,
remained asymptomatic, and their incidence increased
with age. In contrast, the prevalence of incidental glio-
mas was much lower and did not increase with age.
The number of gliomas that developed and the num-
ber that grew to a symptomatic stage appeared to be
balanced.
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