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 Abstract
The high incidence of meningiomas in women indicates the role of female sex hormones in the growth of 
meningiomas. The use of hormonal contraceptives has been associated with an increased risk of meningiomas. Prior 
studies have reported an association between hormonal contraceptive use and the expression of certain hormonal 
receptors in meningioma tissues in which expression of progesterone and estrogen receptors have been associated 
with histopathological grading of meningiomas. There have been no previous studies about the association between 
hormonal contraceptive use and the histopathological grading of meningiomas. The aim of this study was to evaluate 
the association between hormonal contraceptive use and histopathological grading of meningioma. This study 
was an analytic cross-sectional study conducted at Mohammad Hoesin General Hospital Palembang and enrolled 
female meningioma patients with a history of hormonal contraceptive use from January 1st, 2018, to December 
31st, 2020. Data were collected from medical records and in person or by phone interview. From 220 meningioma 
patients, 72 subjects were included in this study with 79.2% were low grade meningioma and 20.8% were high grade 
meningioma. Among the current users, 66.7% had high-grade meningioma, while 60.0% of combined hormonal 
contraceptives, and another 60.0% long-term users had high-grade meningioma, respectively. The status of hormonal 
contraceptive uses (p = 0.038) and the type of hormonal contraceptive (p = 0.001) had a significant association with 
the histopathological grading of meningioma and became the most significant independent variables according 
to multivariate logistic regression (p = 0.034; OR: 4.433 and p = 0.001; OR: 9.686) while there was no association 
between duration of use and histopathological grading of meningioma (p = 0.180). Current users and combination 
contraceptives (estrogen and progesterone) increased the risk of high-grade meningioma.
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Introduction
Meningiomas are extra-axial central nervous system tumors 
originating from the arachnoid cap cells in the meningeal 
membranes (1). According to a review conducted by 
Fahlstrom et al. in 2023, meningioma stands out as the 
predominant nonmalignant neoplasm affecting the adult 
brain, constituting 38% of the total incidences of brain 
tumors and representing 55% of primary nonmalignant 
brain tumors (2). Data from the Central Brain Tumor Registry 
of the United States (CBTRUS) in 2013-2017 revealed that 
meningiomas was the most frequently reported central 
nervous system (CNS) tumor (38.3% of all CNS tumors) (3). 

The mean age at diagnosis of meningioma is 56.4 years in 
men and 55.9 years in women and the incidence increases 
with age. Meningiomas have a female predominance with 
a female to male ratio of 1.4-2.6:1 (4). The high incidence 
of meningiomas in women indicates the role of female sex 
hormones in the growth of meningiomas. Various studies 
have studied the relationship between hormonal factors 
and reproductive factors with the risk of meningioma. 
Meningiomas can grow rapidly during periods of hormonal 
excess, during the luteal phase of the menstrual cycle, and 
during pregnancy. Several studies also reported a positive 
correlation between breast cancer and meningiomas, in 
vitro proliferation of meningioma cells in culture after 
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exposure to estrogen, and the presence of estrogen and 
progesterone receptors in meningioma tissue (5).

Prior studies have reported an association between 
hormonal contraceptive use and the risk of meningioma. 
Korhonen et al. (6) reported that oral contraceptives and 
other hormonal contraceptives (implants and injections) 
can increase the risk of meningioma with odds ratios of 
1.39 and 1.50. Wigertz et al. (7) reported that the risk of 
meningioma increased 1.5 times in women using hormonal 
contraceptives (implants and injections containing 
progesterone only), and the risk increased to 2.7 times 
with a long-term use (10 years or more). Wahyuhadi et al. 
also reported that injectable hormonal contraception for 
3 months and the duration of hormonal contraceptive use 
>10 years increased the risk of meningioma (8). Despite 
numerous studies exploring the impact of hormonal 
contraceptives on meningioma growth, the specific 
role of these hormones in meningioma pathogenesis 
remains unclear. This study aims to fill this knowledge 
gap by investigating the association between hormonal 
contraceptive use and the histopathological grading of 
meningiomas, providing essential insights for future 
research.

There have been several studies reported the significant 
association, between hormonal factors and the 
histopathological characteristics in some female sex 
hormone-related neoplasms including breast and cervical 
cancer while there were no data reported in meningioma 
(9, 10). The relationship between meningiomas and sex 
steroids was established by the presence of sex steroid 
receptors on meningioma tumor cells. Some studies 
have consistently demonstrated a predominance of 
progesterone receptors (PR) in low-grade meningioma 
(WHO grade I) while the presence of estrogen receptor 
(ER) was associated with high-grade meningioma (WHO 
grade II and III) (11-13). 

Materials and Methods
This analytical cross-sectional study includes female 
meningioma patients diagnosed by histopathology and 
having a history of hormonal contraceptive use at Dr. 
Mohammad Hoesin General Hospital from January 2018 
to December 2020, meeting specified inclusion criteria. 
The minimum sample size was initially calculated with 
OpenEpi’s ‘Sample Size:X-Sectional, Cohort, & Randomized 
Clinical Trials’ feature at 80% power and 95% confidence 
interval. Nonetheless, total sampling was conducted 
to acquire the most representable data. Total sampling 
was conducted based on the inclusion criteria are as 
follows: complete medical records, who were readily 
contactable, and willing to undergo in-person or phone 
interviews. Exclusions comprised patients with a history 
of death, communication or memory disorders, family 
history of meningioma or other malignancies, and 
those with a history of hormone replacement therapy. 

Detailed exposure histories, encompassing the status, 
type, and duration of hormonal contraceptive use, were 
meticulously obtained through structured in-person or 
phone interviews. 

The status of hormonal contraceptives use was classified 
as: (i) ‘current use’, when the contraceptives were still 
being used until the diagnosed of meningioma or ended 
in the year before the diagnosis of meningioma; (ii) 
‘past use’, when the most recent use was more than 1 
year before the diagnosis of meningioma. The type of 
contraceptives was classified as: (i) ‘progesterone only’; 
(ii) ‘combination’; and the duration was classified as: (i) 
‘less than 10 years’; (ii) ‘more than 10 years’. Progesterone 
only contraceptives exclusively contain progesterone and 
its various derivatives. Combination contraceptives contain 
a combination of estrogen and progesterone in various 
derivatives. The histopathological grading was classified 
as low-grade (WHO grade I) and high-grade (WHO grade 
II or III) meningioma.

Statistical analyses were performed with SPSS for window. 
Bivariate analyses using Fisher and multivariate logistic 
regression models were used to evaluate the association 
between hormonal exposure and histopathological grading 
of meningioma. 

Results

Demographic characteristics of respondents 
During the period from January 1, 2018, to December 31, 
2020, there were 220 patients diagnosed with meningioma. 
Among them, 15 were male, leaving a total of 205 
subjects for medical record retrieval. Out of these 205 
subjects, only 186 had accessible medical records. From 
the retrieved records, it was identified that 19 individuals 
had died based on the medical data, and 88 patients 
were unreachable. Among the 79 contacted subjects, 3 
individuals had communication disorders, and 4 had no 
history of contraception. Consequently, the final sample 
size comprised 72 individuals. 

Table 1 shows the distribution of meningiomas patients 
based on histopathological grading, demographic 
characteristics and reproductive status. Most meningioma 
patients were in the age range of 35-44 years (45.8%), with 
an average age of 45.86 ± 7.090 years. Most of the patients 
had a body mass index of normoweight (43.1%). Based on 
their reproductive status, the majority of meningiomas 
patients had menarche age of 12-14 years (79.2%) and 
were multiparous (91.7%), with the highest age at first 
birth at < 20 years (55.6%) and most of them were in the 
premenopausal period (52.8%). Most of the subjects were 
low-grade meningiomas (79.2%), and the highest number 
were the meningothelial subtype. High-grade meningiomas 
were found in 15 patients (20.8%) with the frequently 
subtype was chordoid.
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Table 1: Demographic, reproductive status and 
histopathological grading distribution of patients with 
meningioma

Characteristics No. of cases Percentage 
(%)

Age (years)

18-34 2 2.8

35-44 33 45.8

45-54 29 40.3

55-64 8 11.1

Body mass index (kg/m2)

Underweight (< 18.5) 4 5.6

Normoweight (18.5-24.9) 31 43.1

Overweight (25-29.9) 27 37.5

Obese (≥ 30) 10 13.9

Age of menarche (years)

< 12 1 1.4

12-14 57 79.2

> 14 14 19.4

Parity

Primipara 1 1.4

Multipara 66 91.7

Grandemultipara 5 6.9

Age at first birth (years)

< 20 40 55.6

20-30 31 43.1

> 30 1 1.4

Menopausal status

Premenopause 38 52.8

Perimenopause 20 27.8

Postmenopause 14 19.4

Meningioma grading

Low-grade 57 79.2

High-grade 15 20.8

Table 2 shows no significant demographic differences were 
found between low-grade and high-grade meningioma 
groups.

The characteristics of hormonal contraceptives use is 
summarized in Table 3. It shows that 56.9% of meningioma 
patients were past users. The most common types of 
contraception were progesterone only (76.4%) and the 
majority of the patients (75%) had a relatively long duration 
of use for more than 10 years.

Table 3: Hormonal contraceptives exposure characteristics 
of patients with meningioma 

Characteristics No. of 
cases

Percentage 
(%)

Status of hormonal 
contraceptives use

Past use 41 56.9

Current use 31 43.1

Type of contraception

Progesterone only 54 75.0

Combination (progesteron and 
estrogen)

18 25.0

Duration

< 10 years 18 25.0

10 years 54 75.0

Table 2: Bivariate analyses of the association between 
demographic, reproductive status and histopathological 
grading of meningioma

Variables Classification

Histopathological 
grading of 

meningioma p value
High-
grade
n (%)

Low-
grade
n (%)

Age (years) 18-34 1 (1.8) 1 (6.7) 0.251*

35-44 29 (50.9) 4 (26.7)

45-54 22 (38.6) 7 (46.7)

55-64 5 (8.8) 3 (20.0)

Body mass 
index (kg/
m2)

Underweight 
(< 18.5)

2 (3.5) 2 (13.3) 0.532*

Normoweight 
(18.5-24.9)

25 (43.9) 6 (40)

Overweight 
(25-29.9)

22 (38.6) 5 (33.3)

Obese (≥ 30) 8 (14.0) 2 (13.3)

Age of 
menarche 
(years)

< 14
≥ 14

10 (66.7)
5 (33.3)

30 (52.6)
27 (47.4)

0.496*

Age of first 
birth (years)

< 20
≥ 20

5 (33.3)
10 (66.7)

23 (40.4)
34 (59.6)

0.843*

Parity ≥ 3
< 3

6 (40.0)
9 (60.0)

12 (21.1)
45 (78.9) 0.180**

Menopausal 
status

Premenopausal
Postmenopausal

8 (53.3) 
7 (46.7)

30 (52.6)
27 (47.4) 1.000*

*Chi-Square, **Fisher
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Table 4 shows the association between hormonal 
contraceptives use and histopathological grading of 
meningioma. Among the current users, 66.7% had high-
grade meningioma, while 60.0% of combined hormonal 
contraceptives, and another 60.0% long-term users 
had high-grade meningioma, respectively. Statistical 
analysis revealed significant association between the 
status of hormonal contraceptives use and type of 
hormonal contraceptives with histopathological grading 
of meningioma (p value = 0.038 and 0.001).

Table 4: Association between hormonal contraceptive use 
and histopathological grading

Variables Classification

Histopathological 
grading of meningioma

p value
High-
grade Low-grade

n % n %

Status of 
hormonal 
contraceptives 
use

Current use 10 66.7 21 36.8

0.038*
Past use 5  33.3  36 63.2

Type of 
hormonal 
contraception

Combination
(Progesterone 
and estrogen)

9 60.0 9 15.8

0.001**

Single
(Progesterone 
only)

6 40.0 48 84.2

Duration of 
use

≥ 10 years 9 60.0 45 78.9
 0.180

< 10 years 6 40.0 12 21.1

*Chi-Square, **Fisher

Table 5 shows the multivariate logistic regression models. 
The status of hormonal contraceptives uses (95% CI, 
1.116-17.601) and type of hormonal contraceptives (95% 
CI, 2.461-38.128) affects the risk of having high-grade 
meningioma (p value= 0.034 and 0.001). Current users of 
hormonal contraceptives experienced an increased risk 
of high-grade meningioma as much as 4.433 times and in 
patient with combination contraceptives the risk increased 
to 9.686 times.

Discussion
Our study found that status of hormonal contraceptives 
use affected the histopathological grading of meningioma. 
Previously reported studies have shown that the risk of 
meningioma increased in patients with oral contraceptives 
who were current users (14, 15). However, there have been 
no studies evaluate the status of hormonal contraceptives 
use and histopathological grading of meningioma. A 
case report in Canada reported fast-growing high-grade 
meningioma (atypical meningioma) in a 36-year-old 
woman undergoing fertility treatments using clomiphene 
citrate (selective estrogen receptor modulators that 
increase the circulating levels of estradiol) and exogenous 
progesterone (16). Another case report from Japan 
reported a previously health 29-year-old woman suffered 
from rhabdoid meningioma (WHO grade III) who was 
undergoing clomiphene citrate therapy (17). Those cases 
suggested that high-grade meningioma might grow rapidly 
in patients who were under the influence of high hormone 
levels. However, in this study, the high proportion of 
current users in high-grade meningioma group might be 
due to most patients in this group being in the third and 
fourth decades which is the fertile period, and the peak 
of contraceptives use. 

Table 5: Multivariate logistic regression models of the association between hormonal contraceptives use and 
histopathological grading of meningioma.

B S.E Wald df sig Exp(β)
CI (95%) exp(B)

Lower Upper

Step 1

Duration of use 0.772 0.797 0.940 1 0.332 2.165 0.454 10.324

Status of hormonal 
contraceptives use 1.607 0.729 4.861 1 0.027 4.989 1.195 20.824

Type of hormonal 
contraception 2.076 0.724 8.226 1 0.004 7.971 1.930 32.928

Constant -3.122 0.710 19.355 1 0.000 0.044

Step 2

Status of hormonal 
contraceptives use 1.489 0.704 4.480 1 0.034 4.433 1.116 17.601

Type of hormonal 
contraception 2.271 0.699 10.549 1 0.001 9.686 2.461 38.128

Constant -2.925 0.665 19.318 1 0.000 0.054

B: Beta
S.E: Standard Error
CI: Confidence Interval
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There was a significant association between type 
of contraceptives and histopathological grading of 
meningioma. In the low-grade meningioma group, the 
majority of patients were single hormonal contraceptive 
users. Meanwhile, in the high-grade meningioma group, 
most patients were combined hormonal contraceptive 
users. Single hormonal contraceptives only contain a 
progesterone component, while combined contraceptives 
contain estrogen and progesterone. This probably reflects 
the influence of estrogen in higher grade meningiomas. 
Several studies have reported a predominance of 
progesterone receptors (PR) in WHO grade I meningiomas, 
whereas estrogen receptor (ER) expression has been 
associated with high grade meningiomas (7, 11, 12). PR-
positive status occurs more frequent in benign meningiomas 
than in malignant tumors (18-20). Meanwhile, estrogen 
receptors were more common in atypical and malignant 
meningiomas in the study conducted by Hsu et al. (21). 
Hua et al. also found that grade III meningiomas expressed 
more estrogen receptors and had been associated with a 
poorer prognosis (13). ER-expressing meningiomas have 
been associated with a high proliferative index. Estrogen 
that binds to ER will activate its receptor and increase 
cell proliferation by stimulating RNA synthesis in target 
cells (22). Estradiol has been reported as a potent agent 
in increasing meningioma cell proliferation in vitro (23). 
Estrogen can interact with IGF (insulin like growth factor) 
which can also stimulate tumor growth and prevent 
cell apoptosis (24). Thus, the presence of estrogen can 
lead to higher cell growth. High-grade meningiomas are 
characterized by high mitotic activity. Unfortunately, in 
this study, immunohistochemical examination was not 
performed to prove the presence of ER expression in high 
grade meningiomas which could describe the activity of 
these hormones in meningioma tissue.

We found no significant association between duration 
of hormonal contraceptives use and histopathological 
grading of meningioma. Either high-grade or low- grade 
group had a long-term use for more than 10 years. 
This finding is consistent with Wahyuhadi et al. in 2018 
which the duration of contraceptives had no association 
with meningioma grading (8). In contrary, several 
studies reported that there was a positive correlation 
between grade and duration of hormonal exposure in 
some hormone-related neoplasms including breast and 
cervical cancer (9, 10). The lack of a significant association 
between the duration of hormonal contraceptive use and 
meningioma grade may stem from the de novo origin 
of these tumors, independent of hormonal influences. 
Meningioma development involves complex genetic 
and molecular factors, with individual variability and the 
influence of other environmental triggers contributing to 
the nuanced relationship. Disparities in hormonal levels, 
receptor expression, and a potential latency period for 
manifestation further complicate the understanding of how 
hormonal contraceptives may impact meningioma grade. 
Investigating these factors provides valuable insights into 
the intricate dynamics between hormonal contraceptive 
use and meningioma development. Further exploration 

into the intricate molecular mechanisms governing 
meningioma pathogenesis is essential for a comprehensive 
understanding of these complex relationships.

Additional analyses were performed to evaluate association 
between histopathological grading and endogenous 
hormonal factors or reproductive status including age at 
menarche, age at first birth, parity, menopausal status, 
and meningioma grading but we found no statistical 
significance. To date, no studies have reported that 
relationship. 

The significant association between hormonal contraceptive 
use and the type of contraceptives with meningioma 
histopathological grading highlights the clinical importance 
of considering contraceptive history in meningioma 
cases. This suggests the need for healthcare providers to 
assess and document contraceptive history in individuals 
diagnosed with meningioma. Future research should 
explore the underlying molecular pathways linking specific 
contraceptives to meningioma histopathology, potentially 
leading to tailored therapeutic approaches and improved 
risk stratification for better patient outcomes.

This study has some limitations such as the possibility of 
recall bias because the history of contraceptives use was 
explored based on self-reported by interview. To mitigate 
these biases, efforts were made to reinforce participants’ 
recall accuracy through detailed questioning and cross-
referencing information with medical records wherever 
possible. Additionally, the study recognizes the importance 
of future research incorporating prospective designs and 
objective measures to provide a more robust assessment 
of hormonal contraceptive history. Furthermore, the 
investigation did not encompass an evaluation of 
potential variations in the effects of single progesterone 
or estrogen-progesterone combinations, which could have 
been elucidated through the examination of PR and ER 
expression via immunohistochemistry.

Exogenous hormones, including ER and PR, are pivotal 
mediators in meningiomas. The expression of ER and PR 
in these tumors suggests their susceptibility to hormonal 
influences. Interactions between exogenous hormones 
and these receptors significantly impact tumor behavior, 
with ongoing research exploring specific effects on growth. 
Notably, a study by Maiuri et al. found a significant 
correlation between increased PR expression and a higher 
incidence of 5-year recurrence (25).

A comprehensive understanding of the interplay between 
exogenous hormones and meningiomas holds promise 
for targeted therapeutic interventions and refined risk 
stratification. Ichwan et al. (26) identified three knowledge 
gaps: the expression of PR in normal meninges, the impact 
of hormonal contraception on meningioma incidence, 
and the effects of prolonged progesterone use on PR 
expression and meningioma pathophysiology. Addressing 
these gaps are crucial for advancing personalized 
patient management, considering factors like hormonal 
contraceptive history and the unique receptor profiles of 
individual tumors (13, 18-21).
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Conclusion
In summary, the status of hormonal contraceptives uses, 
and the type of hormonal contraceptives had a significant 
association with histopathological grading of meningioma. 
Current users and combination contraceptives (estrogen 
and progesterone) increased the risk of high-grade 
meningioma.
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