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ABSTRACT

Background: Meningiomas are the most common primary neoplasm of the central nervous system.
Previous research on the incidence of meningioma in Finland showed an increase in the age-standar-
dized incidence rate over three decades (1968-1997). In this study, we analysed meningioma incidence
in Finland during 1990-2017.

Materials and methods: Data on 9842 meningioma patients were obtained from the Finnish Cancer
Registry, and population size by calendar year, sex, and age group from Statistics Finland. The
European Standard Population was used to calculate age-standardized incidence rates. Poisson regres-
sion was used to evaluate differences by sex and age, and joinpoint regression to examine changes in
trend.

Results: At the beginning of the study period, the age-standardized incidence of meningioma for
men was 2.35/100,000 and for women 6.96/100,000. In the end, it was 4.09/100,000 and
10.19/100,000, respectively. The annual percent change (APC) for women was +4.6 (95% confidence
interval, Cl 3.10 to 6.20) from 1990 to 2001 and —1.0 (95% Cl —1.70 to —0.30) from 2001 to 2017. For
men, the APC was +3.1 (95% Cl 0.80-5.40) during 1990-2002 and —0.9 (95% Cl —2.10 to 0.30) in
2002-2017. The incidence of meningioma in women was 2.8 times higher than in men (rate ratio 2.81;
95% Cl 2.68-2.94).

Conclusions: Meningioma incidence increased in both sexes from 1990, but the trend reversed in

ARTICLE HISTORY
Received 15 February 2023
Accepted 14 July 2023

KEYWORDS
Meningioma; incidence;
time trends; Finland

2001-2002. Medical imaging or risk factors do not appear to explain the changes.

Introduction

Meningiomas are the most common primary neoplasm of the
central nervous system (CNS). In the United States (2010-
2014), meningiomas comprised 37% of all CNS tumors and
53% of non-malignant CNS tumors [1]. Meningiomas originate
from the arachnoidal cap cells of the meninges of the brain
and spinal cord [2-5]. The majority of meningiomas, ~75%,
are located cerebrally and around 5% spinally [1,6].
Meningiomas, like other brain tumors, are classified according
to the 2021 WHO classification [7]. They are generally benign:
~80% are WHO Grade 1, while 15-20% are atypical (WHO
Grade 2) and only 1-3% are malignant (WHO Grade 3) [1,2].
Few factors, such as age and female gender, are known
to increase the incidence of meningioma [8,9]. Compared to
men, women have at least a 2-fold risk for intracranial men-
ingioma [1,3,6,8] and a 10-fold risk for spinal meningioma
[10]. Other established risk factors include high doses of ion-
izing radiation [11,12] and neurofibromatosis type 2 [13].
Symptoms of meningioma depend on the location and
size of the tumor. Symptoms can vary from headaches,

seizures, hemiparesis, and visual loss to memory impairment,
personality changes, and nausea [14]. Meningiomas, in par-
ticular benign meningiomas, can often be asymptomatic. In
a Japanese study, nearly 40% of all benign meningiomas
were asymptomatic and that proportion increased to almost
50% in patients older than 70years [15].

Several previous studies have examined the incidence of
meningiomas. A Dutch study with 2000 participants aged
45years or older underwent magnetic resonance imaging of
the brain to discover incidental cases and reported a preva-
lence of incidental meningioma of 1.1% for women and 0.7%
for men [16]. A Japanese study based on 10,033 autopsy
cases reported the prevalence of incidental intracranial men-
ingioma as 3.5% for women and 1.2% for men [17]. In the
United Kingdom, the incidence of meningioma for women
was 7.2/100,000 and 3.1/100,000 for men with no clear
increase in 1996-2008 [6]. In Finland, Sweden, Norway, and
Denmark, an increase in age-standardized (World Standard
Population as a reference population) incidence rate (ASR)
from 2.6 to 4.5 per 100,000 for women and from 1.4 to 1.9
per 100,000 for men in 1968-1997 [8].
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In this study, we examine the incidence of primary intra-
cranial meningioma in Finland during the most recent period
available, 1990-2017.

Materials and methods
Data sources

The population of Finland has increased from 4.6 million in
1970 to 5.5 million in 2017. Data on all meningioma cases
diagnosed in 1990-2017 were obtained from the nationwide,
population-based Finnish Cancer Registry (FCR) established
in 1953. FCR receives notifications on every case or strong
suspicion of cancer, including benign meningiomas, in
Finland from healthcare organizations that have a statutory
obligation to provide that information [18]. The cancer regis-
try has four major data sources: clinical notifications from
clinicians, pathological notifications from pathology laborato-
ries, the nationwide hospital discharge registry, and death
certificates from Statistics Finland. The completeness of FCR
for solid cancers has been estimated as 96% [19]. The
method of diagnostic confirmation and types of meningio-
mas are presented in Table 1. Data obtained from FCR
included the date and basis of diagnosis, histological subtype
and grade (1-3) of the tumor, patient age, and sex. We
obtained Finnish population size by calendar year, sex, and
age group from Statistics Finland [20].

Data analysis

Age-specific and age-standardized incidence rates (ASR) of
meningioma were calculated by sex over the entire study
period (1990-2017) and in 4-year periods. The ASR per
100,000 with a 95% confidence interval (Cl) was calculated
for each study year using the direct method, based on the
European Standard Population and age-specific rates [21].
Microsoft Excel for Microsoft 365 was used to calculate ASR
overall and by sex.

Table 1. Clinical characteristics of meningioma cases, Finland 1990-2017 (N = 9842).

Totaln
Women Men
n n n %
Diagnostic confirmation
Histology of a primary tumor 5872 1967 7839 79.6
Autopsy, includes histological sample 719 314 1033 10.5
Clinical investigation 595 177 772 7.8
Unknown (includes DCO 1953-2014) 136 44 180 1.8
Death certificate only (2015-2017) 15 3 18 0.2
Autopsy only
No 6878 2290 9168 93.2
Yes 459 215 674 6.8
Types of meningioma
Meningioma, NOS 4891 1615 6506 66.1
Unclassified 761 242 1003 10.2
Meningothelial meningioma 541 222 763 7.8
Transitional meningioma 439 130 569 58
Atypical meningioma 298 196 494 5.0
Fibrous meningioma 308 58 366 3.7
Psammomatous meningioma 62 16 78 0.8
Angiomatous meningioma 29 23 52 0.5
Papillary meningioma 8 3 1 0.1
Total 7337 2505 9842  100.0
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We used Poisson regression with the number of cases as
the outcome and population size as an offset term to exam-
ine differences by sex and 10-year age group. Poisson regres-
sion analyses were performed using IBM SPSS Statistics
version 28. Joinpoint Regression Program 4.9.1.0 software
was used to evaluate changes in incidence trends during the
study period [22,23].

Results

During the study period, several changes took place in the
diagnostic confirmation of meningiomas. While 17.5% of the
cases were based on autopsy in 1990-1993, the proportion
decreased to only 7.4% in 2014-2017. In contrast, histologi-
cally confirmed diagnoses increased from 71.1 to 84.1%.
Data on cases verified by death certificate only were avail-
able since 2015. Among the cases, only 45 (0.65%, 24 in
women and 21 among men) were classified as malignant.

A total of 9842 primary intracranial meningiomas were
identified in 1990-2017. The annual number of cases
increased consistently over the study period, except for
2010-2013. Meningioma incidence increased from 1990 until
2000, followed by relatively stable rates until 2010, and
finally a slight decline towards the end of the study period
(Figure 1). The average annual increase in incidence was
nearly 2% (IRR = 1.017, 95% Cl 1.014-1.019).

Number of cases by sex
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Figure 1. Number of cases and incidence of meningiomas in Finland by 4-year
period during 1990-2017 by sex.
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A very steep gradient with age was observed (Figure 2),
with the strongest relative increase up to age 49years. The
largest absolute differences emerged in the age group 50-59
compared to 40-49 and the age group 70+ compared to
60-69 years of age, both <30/100,000.

The overall ASR of meningioma was 7.26/100,000 (95% ClI
7.12-7.41) during 1990-2017. The incidence of meningiomas
was more pronounced for women than for men in all age
groups, except the youngest (0-19years; Appendix A). The
overall ASR for women was 9.91 (95% Cl 9.69-10.14) and for
men 4.23 (95% Cl 4.06-4.40). The ASR increased during the
study period for women from 6.96 to 10.19 per 100,000, for
men from 2.35 to 4.09, and for both sexes combined from
4.88 to 7.29 (Figure 3). In the Poisson regression analysis, the
incidence in women was nearly 3-fold higher than in men
(IRR 2.81, 95% Cl 2.68-2.94).
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Figure 2. Incidence rate ratio of meningiomas by 10-year age group (with 95%
confidence interval, ages 0-19 as the reference group), Finland 1990-2017.

Joinpoint analyses revealed changes in trends for both
sexes. The annual percent change (APC) for women was
+4.6 (95% Cl 3.10 to 6.20) in 1990-2001 and —1.0 (95% ClI
—1.70 to —0.30) in 2001-2017 (Figure 4(A)). Men had very
similar changes in trend. From 1990 to 2002, the APC was
+3.1 (95% Cl 0.80 to 5.40) and during 2002-2017, it was
—0.9 (95% Cl —2.10 to 0.30) (Figure 4(B)).

Discussion

In this population-based study, we examined the incidence
of primary intracranial meningioma in Finland during 1990-
2017. The age-standardized incidence rate was 7.26/100,000
(95% Cl 7.12-7.41) overall, 9.91/100,000 (95% Cl 9.69-10.14)
in women, 4.23/100,000 (95% Cl 4.06-4.40) in men. Women
had 2-3 times higher incidence compared to men, and this
ratio remained unchanged throughout the study period. The
incidence of meningioma increased in both sexes from 1990
until 2000, but the trend reversed in 2001-2002.

Our findings align with similar studies conducted in the
US and ltaly [1,24-27]. In Catania, Italy, the ASR was
7.6/100,000 (95% Cl 7.6-8.4) [27]. A study in the U.S. reported
had the highest incidence among Black individuals
(9.52/100,000) (95% Cl 9.32-9.71), followed by White individ-
uals (7.82/100,000) (95% Cl 7.76-7.88) [25]. It is appropriate
to compare the Finnish incidence rates to those of White
individuals as the Finnish population is predominantly White.

Some European studies have reported lower incidence
rates than ours. A German study found an ASR of
5.8/100,000 in women and 2.5/100,000 in men in Saarland
during 2000-2015 [28]. Similar results were reported in a
British study from 1996 to 2008 [6].
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Figure 3. Annual age-standardized incidence rates per 100,000 by sex in Finland during 1990-20
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(A) 1 Joinpoint
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* Indicates that the Annual Percent Change (APC) is significantly different from zero at the alpha = 0.05 level

Final Selected Model: 1 Joinpoint.
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Figure 4. Joinpoint analyses of meningioma incidence rates in women (A) and men (B), Finland 1990-2017.

When comparing incidence rates between studies, various
factors must be considered, including age groups, diagnostic
criteria, age standardization, tumor location, and classifica-
tion. Differences in healthcare availability and quality, popu-
lation age structure, and the number of autopsies can also

impact the studies
challenging.

The more than 2-fold higher incidence in women com-
pared to men is consistent with other studies [1,3,6,8,24,25].

However, the ratio between men and women depends on

results making comparisons across
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tumor grade, with little sex difference observed in malignant
meningiomas [3,24]. A French study reported a 3-fold differ-
ence between women and men in benign meningiomas, but
only a 1.4:1 ratio in malignant meningiomas [3]. A study con-
ducted in the Nordic countries, including Finland, from 1968
to 1997 found varying women-to-men ratios across different
age groups. Both sexes showed an increasing incidence
throughout the study period. On average, the ASR increased
in women by 5.6% (95% Cl 5.0-6.3) per three-year period and
in men by 3.9% (95% Cl 3.0-4.9) per three-year period [8].

We observed a clear change in the incidence trend of men-
ingioma in both sexes, a joinpoint occurring in 2001 for
women and 2002 for men. Before the turn of the century, the
incidence trend was increasing for both sexes (as reported
earlier) but reversed thereafter. Possible explanations for this
flattening and reversal of the rising trend include changes in
the number of autopsies, diagnostic techniques, reporting
practices, tumor classification, or a genuine decrease in risk.
Further studies are needed to explore these explanations.

The age-standardized incidence rates account for changes
in population size and age structure; therefore demographic
factors cannot explain the observed variation in rates. In
Finland, the frequency of radiological examinations of the
head has increased relatively steeply in the past few decades.
The Radiation and Nuclear Safety Authority has reported
increases of 5-10% in 5 years for head CT, and the Care
Register for Health Care maintained by the National Institute
for Health and Welfare has reported even steeper increases
for head MRI, although there has been a decrease since 2018
[30,31]. However, neither of these data sources provides
long-term data, nor do they report the numbers of examina-
tions by age or sex, making detailed examination impossible.
It appears that there is no continuous linear increase in the
number of meningiomas with the frequency of radiological
imaging of the head. Therefore it cannot fully explain the
pattern of changes over time. There may be a saturation
with no additional increase after a certain level, or a declin-
ing completeness of registry notifications could account for
the lack of a straightforward relation.

Alternatively, a reduction in population exposure to etio-
logic agents could affect the incidence. However, the evi-
dence suggesting a reduced meningioma risk associated
with allergies [32] or an increased risk with dental radiog-
raphy with increased risks [33] is not consistent [34,35].
Furthermore, to explain the observed changes in meningi-
oma incidence, changes in risk factors affecting large seg-
ments of the population would be required. In addition, we
found an initial increase in incidence followed by a down-
ward turn in the trend. Therefore, a single change cannot
account for the temporal pattern. Hence, potential explana-
tions for the changes over time currently remain speculative.
We consider it very likely that medical imaging contributes
substantially, but it alone cannot explain the changes.

Similar changes in the incidence trend have been observed
in the United States. In the U.S., an increasing trend in the
incidence of benign meningioma was reported for women
during 2005-2009 (APC +4.69 [95% ClI 3.72-5.67]), followed
by a reversal and a decreasing trend in 2009-2015 (APC

—0.85 [95% Cl —1.30 to —0.41]). For men, the APC was +4.7
(95% Cl 2.80-6.64) in 2005-2009 and —0.16 (95% Cl —1.01-
0.70) during 2009-2015. No significant changes were reported
in the incidence of malignant meningioma during the study
period [24]. Two other studies in the U.S. also reported similar
results during the same period [25,26]. In Sweden, meningi-
oma incidence increased in women between 1980 and 2012
but decreased in men [29].

The strengths of our study include its long study period
and comprehensive data from the population-based FCR with
high completeness of coverage. The FCR has covered benign
CNS tumors since the 1970s, unlike several other cancer regis-
ters [19,36]. The completeness of coverage for benign CNS
tumors has been lower, however, than for solid cancers (79 vs.
95%) [19]. A regional survey indicated even lower coverage
(62-29%) [37]. Similar issues have been encountered with
meningiomas in other high-quality cancer registries [38], likely
reflecting the fact that automatic notifications generally target
malignant diagnoses, and not all meningiomas are operated
on and may be verified only radiologically. Nevertheless, the
incidence rates of meningioma in Finland tend to be higher
than in other Nordic countries [39].

The limitations of the study include a lack of clinical
details, small frequencies within tumor subgroups, and one
out of five cases lacking histological confirmation (though
modern imaging can identify inoperable meningiomas with
high certainty). In this study, we focused primarily on clinic-
ally diagnosed, symptomatic meningiomas. However, our
material comprised 1033 (10.5%) meningiomas diagnosed at
autopsy. Those cases have most likely been asymptomatic or
with minor symptoms, and therefore do not reflect the risk
of developing symptomatic meningioma. The small number
of malignant cases did not allow a separate analysis of their
incidence. Future studies should consider factors, such as
histological subtype, location, and size of meningiomas.

Conclusion

Our study evaluated the incidence of meningioma and
observed an increasing incidence until 2000. Thereafter, the
incidence remained stable and even declined slightly.
Further research is needed to evaluate additional changes in
the incidence of meningioma, assess whether the observed
trends continue, and explore the underlying reasons.
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