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Abstract

Meningiomas, a slow-growing tumor originating from the meninges, affect a considerable
proportion of individuals worldwide and account for approximately one-third of all brain
tumors. But limited research has been conducted on meningiomas, particularly regarding the
role of sex hormones and race disparities in tumor incidence and prognosis. The current review
summarizes the significance of sex hormones, age, and race in meningioma development and
therapy. Women have a higher risk of developing meningiomas when compared to men
suggesting the potential benefit of personalized treatment approaches based on sex hormone
levels.

Additionally, there are age-related disparities in meningioma risk, older persons have a higher
risk of tumor development. Black Americans also have a higher incidence in meningiomas
when compared to Americans of other races; contrary to the lower incidence rates observed in
other African populations possibly due to differences in environmental and socio-economic
factors. Further research is required to better understand the complex interplay between sex
hormones, age, race, environmental and social factors in meningioma development.
Collaborative research is crucial to address the current knowledge gaps in meningioma
management and develop personalized strategies to manage this prevalent brain tumor.
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1. Introduction

Meningiomas are slow-growing tumors that arise from the meninges, thin layers of tissue that
enclose and protect the brain and spinal cord (Merriam-Webster, n.d.). Meningiomas account
for about a third of all brain tumors; over 170,000 patients are diagnosed with meningiomas
each year (Cleveland Clinic, 2022). While some research studies have delved into the etiology
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and epidemiology of meningiomas, limited research has been conducted on the effects of
meningiomas when compared to other types of brain tumors (Baldi et al., 2018). One study
illustrated an elevated risk of cognitive deficits and epilepsy in the long-term among patients
with meningioma (Waagemans et al., 2011). Nevertheless, there is an urgent need for further
comprehensive studies on the long-term risks posed by meningiomas.
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Sex differences influence the perception and expression of diseases in humans spanning from
common ailments like the common cold to more severe conditions like cancer. Men are more
prone to ‘over-rating’ their symptoms when compared to women (Macintyre, 1993). Likewise,
women may experience 'non-traditional’ stroke symptoms that are harder to identify and
diagnose than men, leading to delays in treatment (Berglund et al., 2017). The disparity in
symptom perception and expression, coupled with a tendency of women to downplay their
symptoms when compared to men (Macintyre, 1993), may influence disease diagnosis and
management.

Sex also plays a pivotal role in disease management. A study on neuropsychiatric diseases
highlights notable improvements resulting from sex-based treatment outcomes. A patient’s sex
influences the metabolism of specific drugs necessitating different dosages based on sex
(Biskup et al., 2020). Primarily sex-based treatment approaches have the potential to
revolutionize patient care and enhance the medical outlook for millions of individuals with a
diverse range of diseases.

There are sex-based disparities in meningioma tumor characteristics and outcomes. Females
have consistently higher incidences of meningiomas when compared to males as demonstrated
in Figure 1 (Cea-Soriano et al., 2012; Kshettry et al., 2015) potentially due to hormonal factors,
such as estrogen and progesterone, which fluctuate throughout a woman's life for instance
during menstrual cycles, pregnancy, and menopause. Moreover, there are unexplained
variations in the prevalence of meningiomas between men and women, and across different
racial groups. Despite these intriguing findings, investigations specifically focused on
understanding the interplay between sex differences and meningiomas remain scarce. Thus, a
comprehensive examination of sex-based disparities in meningioma biology and treatment
outcomes is essential to develop personalized and more effective approaches to managing this
prevalent brain tumor.
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Figure 1. Two studies showcasing different incidence rates in females and males A. This study
was conducted in Mexico and showed that females consistently had a higher incidence rate
compared to males from 1997 to 2007 (Guevara et al., 2010). B. This study was conducted in
Germany and showed that females had consistently higher incidence rate compared to males
from 2000 to 2015. (Holleczek et al., 2019)
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Figure 2. Females overall had a higher percent prevalence in comparison to males, and both
seem to have an increase between the ages of 60 and 80. Females continue having higher
percent prevalence during this time. (Guevara et al., 2010)

Uncovering the underlying mechanisms driving sex-related differences in meningioma burden
can pave the way for targeted therapeutic interventions that may ultimately improve patient
outcomes.

66



ISSN 2157-6076

\ MacrOthi“k Journal of Biology and Life Science
A Institute ™ 2024, Vol. 15, No. 1

2. Sex Hormones

All sex hormones are present in people of both sexes but females have more progesterone and
estrogen while males have more androgens. Sex hormone levels fluctuate throughout a
person’s lifetime with different results in persons of different sex. This review only focused on
populations without hormonal imbalances.

A conducted in the United Kingdom to identify risk factors for meningioma development from
a 12-year comprehensive patient database of patients of different backgrounds, ages, and sexes
showed that meningiomas rarely develop in prepubertal children who have low levels of
circulating sex hormones (Cea-Soriano et al., 2012; Guevara et al., 2010). It is possible that the
highest risk of developing a meningioma is during early adulthood when circulating sex
hormones would be at their highest. However, persons aged 60-79 years, who have fairly low
levels of circulating sex hormones, are at the highest at risk for meningioma development
(Cea-Soriano et al., 2012; Guevara et al., 2010; Lin et al., 2019). The mean age of male and
female patients who have been diagnosed with meningioma is 62.2 and 62.6 years
(Cea-Soriano et al., 2012) suggesting that factors beyond circulating levels of sex hormones
play a role in meningioma development.

Meningiomas express progesterone and estrogen receptors (Cea-Soriano et al., 2012; Hsu et al,
1997; Donnell et al., 1979; Pravdenkova et al., 2006). Moreover, women are 2.5 times more
likely to develop meningiomas when compared to men (Guevara et al., 2010). Several research
studies from different parts of the world have delved into the role of female sex hormones in
meningioma development. One study explored the association between meningioma
development and hormone replacement therapy administered to menopausal women to alleviate
menopausal symptoms (Blitshteyn et al., 2008). A meticulous review of records of 355,318
women from the Mayo Clinic Jacksonville electronic patient database showed that hormone
replacement therapy is linked to an increased risk of developing meningiomas. Another study
examined meningioma development during pregnancy and after delivery among 17 women. Sex
hormones in pregnancy surge and rapidly drop after delivery. The researchers observed rapid
meningioma growth during pregnancy which ceased abruptly after delivery (Lusis et al., 2012).

Research studies have investigated the potential protective effects of testosterone against
meningioma development among 800 men with prostate cancer undergoing androgen
deprivation therapy in the United States and the United Kingdom over a period of 15 years (Li
et al., 2013; Cea-Soriano et al., 2012). Men going undergoing androgen deprivation therapy
had an increased risk of meningioma growth. Thus, testosterone may have a protective effect
against meningioma development.

3. Environmental Factors

Biological factors do play a role in the gender disparity in meningioma incidence observed
globally (Lin et al., 2019; Wdhrer et al., 2009; Larjavaara et al., 2008; Cordera et al., 2002;
Nakamura et al., 2011; Bhala et al., 2021; Ibebuike et al., 2013; Ostrom et al., 2018). Several
countries report sex-based disparities in meningioma incidence limiting the likelihood of such
disparities being attributed to environmental or sociocultural factors.
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Figure 3. The graph refers to non-Hispanic Whites as White, non-Hispanic Blacks as Black,
Hispanics as Hispanic, and Asian and Pacific Islanders as API. Overall, the most notable
change is the decrease of non-Hispanic Black women and men and non-Hispanic White

women and men’s fitted temporal trends. (Bhala et al., 2021)

Race-based disparities in meningioma incidence usually go unnoticed. In the United States,
black Americans have a higher incidence in meningiomas when compared to Americans of any
other race as demonstrated in Figure 3 (Lin et al., 2019; Bhala et al., 2021). But limited
research has been done to explain race-based disparities in meningioma incidence in the United
States. Black Americans, who have genetic ancestry derived from both African and European
populations, may have a genetic predisposition to develop meningioma. However, South
Africans, have lower meningioma incidence rates; the average incidence of meningioma
observed in Johannesburg is 4% lower than that observed in the United States (Ibebuike, 2013).

4. Discussion

The presented review delves into the intricate relationship between sex hormones, age, race,
and meningioma incidence. Sex hormones play a significant role in the development of
meningiomas as evidenced by a higher prevalence of these tumors in women, and their link
with hormone replacement therapy and hormonal changes during pregnancy. Therefore,
personalized treatment approaches that consider a patient’s hormonal status may be beneficial
in meningioma management.

However, the connection between sex hormones and meningioma development remains
unclear. Age-related disparities in meningioma risk dispute the sole role of sex hormones in
meningioma development. Post-menopausal women, the demographic with the least
circulating sex hormones, should have the lowest risk of developing meningiomas
(Brzozowska & Lewinski, 2020). But women aged 70 years and older have the highest risk of
developing meningiomas. It is possible that other factors, such as genetic predisposition,
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cumulative environmental exposures, and hormonal fluctuations across the lifespan interact to
influence meningioma development at different stages of life. Thus, future research should
focus on elaborating on the intricate interactions between sex hormones, age, and other factors
to better inform treatment strategies.

There are race disparities in meningioma incidence; higher incidences have been observed
among black Americans. But a the lower incidence of meningioma reported in Johannesburg,
South Africa, a city with a predominantly African population, challenges this assumption.

It is possible that the high incidence in meningiomas in African Americans stem from the racial
disparities in the American healthcare system . Environmental and socio-economic factors may
also contribute to racial disparities in meningioma incidence. Nonetheless, understanding the
complex interplay of these factors is essential to develop targeted interventions that address the
specific needs of diverse populations.

This review relied on few studies to understand the long-term effects and risks posed by
meningiomas, especially cognitive deficits and epilepsy. A more comprehensive review is
needed to determine the true extent of the impact of meningiomas on patients’ quality of life.
Moreover, additional research is required to investigate possible sex-based differences in
cognitive and functional outcomes among patients with meningioma and recovery after
meningioma resection.

In conclusion, this review sheds light on the significance of sex hormones in meningioma
development and the potential for personalized sex-based treatment approaches. The interplay
between sex hormones, age, and race in meningioma biology is a complex and evolving field

that requires further investigation to pave the way for tailored medical interventions for
improved patient outcomes. A collective effort from researchers worldwide is essential to
address the current gaps in knowledge and develop more effective strategies to manage
meningioma, a prevalent brain tumor. By doing so, we can advance our understanding of
meningiomas and move closer to achieving better patient care and outcomes.

5. Conclusion

Sex hormones, specifically estrogen and progesterone, play a pivotal role in meningioma
development. But the intricate connection between sex hormones and meningioma
development has not been fully elucidated due to age-related disparities and other factors.
Moreover, the role of racial disparities in meningioma occurrence, especially among black
Americans, has not been explored. Different explanations have been proposed, such as genetics
and differences in healthcare systems, however the current pool of literature does not have
sufficient evidence to support any of these proposed explanations. A deeper exploration of
environmental and socio-economic factors behind meningioma incidence is needed. Moreover,
further collaborative research is required to bridge any knowledge gaps and develop tailored
interventions to refine patient care, understand the complex mechanisms underlying
meningioma growth, and ultimately, enhance the management of meningioma.
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