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Abstract

Background. Meningioma is the most common intracranial tumor in the US and its etiology remains poorly under-
stood. Meningioma has been predominantly studied among white populations. The aim of this study was to eval-
uate the associations of anthropometric, comorbidity, and hormonal factors with meningioma in an ethnically
diverse population.

Methods. A nested case-control analysis was performed within the Multiethnic Cohort (MEC). Meningioma
cases were identified via linkage with Medicare and the California Office of Statewide Health Planning and
Development Hospital Discharge data and were matched to up to 10 controls. Anthropometric, comorbidities,
physical activity level, and hormonal factors at baseline based on questionnaires were evaluated for association
with meningioma.

Results. A total of 894 cases and 8918 matched controls were included in this study. Increasing body mass index
(BMI) (P-trend = 0.041) and weight increases since age 21 (P-trend = 0.0052) were positively associated with
meningioma. Hormonal factors including oral contraceptive use (odds ratio [OR]: 1.24; 95% CI: 1.01-1.51) and
estrogen hormonal therapy use (per 5 years, OR: 1.07; 95% ClI: 1.01-1.15) were associated with meningioma risk.
Hypertension was positively associated with meningioma (OR: 1.26; 95% Cl: 1.09-1.47), with individuals who
reported a history of both hypertension and diabetes showing a stronger association (OR: 1.54; 95% Cl: 1.17-2.03).
The tests for heterogeneity across race/ethnicity were not statistically significant (P heterogeneity > 0.17); how-
ever, the association of BMI with meningioma was mainly observed in Japanese Americans (P-trend = 0.0036)
and hypertension in Japanese Americans (OR: 1.63; 95% Cl: 1.17-2.27) and Native Hawaiians (OR: 1.86; 95% ClI:
1.02-3.40).

Conclusion. Obesity, hormonal factors, and hypertension were associated with meningioma in an ethnically
diverse population.

Key Points
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Importance of the Study

Meningioma remains the most common neurological malignancy
and much remains unknown with regard to predisposing fac-
tors. Previous studies in predominantly white populations have
shown that hormonal factors and higher BMI are associated with
increased risk for meningioma. We conducted a comprehensive

Meningiomas, predominantly low-grade brain tumors that
originate from the meninges, are 36.8% of all brain tumors
in the US." Meningioma incidence shows a strong pre-
dominance in females, increases with age, and is slightly
higher among African Americans compared with whites."?
Meningiomas often result in severe morbidity and impaired
quality of life.® Most meningiomas warrant treatment in the
form of surgical resection and/or targeted radiation.

The epidemiology and etiology of meningiomas re-
main poorly understood, partially because meningiomas
are relatively understudied due to their only recent inclu-
sion in cancer registries in the US.? Patients with cancer
predisposition syndromes neurofibromatosis type 24° or
multiple endocrine neoplasia type 18 have a higher chance
of developing meningiomas in comparison to the general
population. Cranial radiation has been identified as an es-
tablished risk factor for meningiomas.”® Higher body mass
index (BMI)'%"2 and oral contraceptive'® and menopausal
hormone use™ have also been associated with higher risk
of meningioma, but results are conflicting. Furthermore,
most studies of meningioma have been conducted in
mainly non-Latino white populations (hereafter called
whites),'®"3 thus risk factors among ethnic/racial minority
populations are largely unknown.

The current study aimed to evaluate risk factors for me-
ningioma in African Americans, Native Hawaiians, Japanese
Americans, Latinos, and whites in the Multiethnic Cohort
(MEC). As such, it provides a unique insight into the epidemi-
ology of meningioma across multiple racial/ethnic groups.

Study Population and Methods
Study Population

The MEC is a prospective cohort of more than 215000
men and women enrolled between 1993 and 1996 at age
45-75 years. The cohort comprises predominantly African
Americans, Native Hawaiians, Japanese Americans,
Latinos, and whites. Specific details on study design and
baseline characteristics of the MEC have been described
previously.’ The baseline mailed questionnaire assessed
diet, lifestyle, medication use, anthropometrics, family
and personal medical history, and, for women, menstrual
and reproductive history and hormone use. The baseline
questionnaire was administered in 1993-1996 and follow-
up questionnaires were sent to participants approximately
every 5 years. MEC participants older than 65 years were
linked to Centers for Medicare Services claims (1999-
2015),'® and 89% of these participants have been linked.
The California participants were also linked to the California

risk factor analysis for meningioma in a large and ethnically di-
verse prospective cohort. Our study, for the first time, showed
that higher BMI, hypertension, and hormonal factors are as-
sociated with increased meningioma risk in ethnically diverse
populations.

Office of Statewide Health Planning and Development
Hospital Discharge (OSHPD) data (1993-2015). The insti-
tutional review boards of the University of Southern
California and the University of Hawaii approved this study.

For this study, we included participants from the 5 major
ethnic groups in the MEC. Participants with a diagnosis
of meningioma prior to cohort entry based on OSHPD
were excluded (N = 34). Hawaii participants who were
not Medicare fee-for-service members (N = 34643) were
excluded, as we had no opportunity to discover a menin-
gioma diagnosis in this group. A total of 167226 partici-
pants were eligible for the study.

Nested Case-Control Study

International Classification of Diseases (ICD) 9th Revision
codes 192.1, 192.3, 225.2, 225.4, and 237.6 and 10th Revision
codes C70.0, C70.1, D32.0, and D32.1 were used to ascertain
meningioma cases from the Medicare hospitalization claim
files (MedPAR) or from the OSHPD. Cases were also identified
from Medicare outpatient and carrier files if there were 2 or
more claims with the ICD codes as above and the claims were
greater than 30 days apart. A total of 894 meningioma cases
were identified between 1993 and 2015 after entry to the co-
hort. Potential controls were available from the eligible study
participants without meningioma claims through 2015. For
each case we selected up to 10 controls matched on sex, eth-
nicity, study area (Hawaii or California), and exact birth year.

Exposure Assessment

Demographics, weight, height, alcohol use, smoking his-
tory, physical activity, diabetes, hypertension, medication
use, and other potential risk factors for meningioma were
obtained from the baseline questionnaire (1993-1996).
Data on age of menarche, exogenous hormone use, parity,
and menopausal status were also collected for female par-
ticipants at baseline. In this study, we selected exposures
to analyze based on risk factors previously reported in
whites for meningioma.

Statistical Analysis

BMlI was calculated as weight in kilograms divided by height
in square meters and categorized as <25, 25 to <30, and
>30 kg/m2. BMI was also evaluated as a continuous variable
by 5-unit increase. Height and weight were categorized by
sex-specific quartiles among controls. Height and weight
were also evaluated as continuous variables by 10 cm and
5 kg increase, respectively. BMI change was evaluated by
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percent change per year since age 21 as described previ-
ously.” Smoking status was categorized as never, past, or
current, and alcohol use was categorized as none, <12, 12
to <24, and >24 ethanol grams per day. Sitting hours were
categorized by quartiles (<5.0, >5.0 to <75, >7.5 to <10.5,
and >10.5 hours per day). Moderate activity was catego-
rized <0.36 hours per day and then by tertiles (<0.36, >0.36
to <0.71, >0.71 to <1.21, and >1.21 hours per day). Vigorous
activity was categorized 0 and then by tertiles of hours per
day (0, >0 to <0.11, >0.11 to <0.46, and >0.46 hours per day).
Moderate and vigorous activity combined were categorized
by quartiles of hours per day (<0.36, >0.36 to <0.71, >0.71
to <1.32, and >1.32 hours per day). For women, age of men-
arche was categorized as <12, 13-14, and >14 years of age.
Parity was assessed by nulliparity (no, yes) and by num-
ber of children. Age at first birth was categorized as 15-20,
21-30, and >30 years of age. Oral contraceptive use was
categorized as ever use versus never use and number of
usage years (none, <5y, >5 y). Menopausal status was cat-
egorized as premenopausal, natural menopause, surgical
menopause (oophorectomy with or without hysterectomy),
other surgery that causes period cessation (hysterectomy,
endometrial ablation), or unknown. Age at menopause
(<50 y, >50 y) was categorized separately by type of meno-
pause (natural, oophorectomy, other surgery), as well as
evaluated separately by hormone therapy (HT) status.

Table1 Characteristics of meningioma cases and controls in MEC

Controls

Menopausal estrogen and progesterone use was evaluated
for number of years used and for different combinations of
present and past usage. Finally, type of menopausal hor-
mone use was evaluated per 5 years of use.

The association between risk factors and meningioma
was quantified by odds ratios (ORs) and 95% confidence
intervals (Cls) using multivariable conditional logistic re-
gression. All ORs were stratified by matched set and
adjusted for education, BMI, alcohol use, hypertension, di-
abetes, and smoking status. Tests for trend were performed
by entering the ordinal values representing categories of
exposures as continuous variables in the models. Only par-
ticipants with complete data on the above risk factors were
included in the analyses. Sex- and ethnic-specific analyses
were performed to assess differences by these parameters.
Heterogeneity due to sex and ethnicity was evaluated by
adding interaction terms between risk factor and sex or eth-
nicity in the logistic model. Statistical analyses were per-
formed with SAS 9.4 software. All Pvalues were two-sided.

Results

The baseline characteristics of meningioma cases and
controls are shown in Table 1. As expected, more female
than male cases were identified (76.0% female).'The mean

Overall

Controls Controls

Age at cohort entry
Mean (range) 63.0 (45.0-76.0)  63.0 (45.0-77.0) 62.2 (45.0-77.0) 62.3(45.0-78.0) 62.4(45.0-77.0) 62.5(45.0-78.0)
Ethnicity
White 52 24.2 520 24.2 140 20.6 1400 20.7 192 215 1920 21.5
African American 40 18.6 400 18.6 207 30.5 2065 30.5 247 276 2465 276
Native Hawaiian 14 6.5 140 6.5 42 6.2 405 6.0 56 6.3 545 6.1
Japanese 55 25.6 550 25.6 123 18.1 1230 18.2 178 19.9 1780 20.0
American
Latino US born 28 13.0 280 13.0 91 134 908 134 119 13.3 1188 13.3
Latino Mex/SA 26 121 260 121 76 1.2 760 1.2 102 1.4 1020 1.4
born
Area
Hawaii 87 40.5 870 40.5 216 31.8 2146 31.7 303 33.9 3016 33.8
Los Angeles 128 59.5 1280 59.5 463 68.2 4622 68.3 591 66.1 5902 66.2
Education
<High school 83 38.6 929 43.2 338 49.8 3351 495 421 471 4280 48.0
Vocational/some 68 31.6 635 29.5 193 28.4 1941 28.7 261 29.2 2576 28.9
college
College or higher 62 28.8 568 26.4 142 209 1387 20.5 204 22.8 1955 219

Meningioma ICD-9 codes 1921, 1923, 2252, 2254, 2376 and ICD-10 codes D320 and D321.

Medicare fee-for service cases selected using 1 inpatient claim or 2 or more outpatient/carrier claims greater than 30 days apart, 1999-2015.
CHDD cases selected using 1 hospitalization record, 1993-2015.

Case-control analysis (matched on area, sex, ethnicity, and birth year).

Average number of matched controls per case 10.0 (2.0-10.0).
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age of cohort entry was 62.4 years (range 45.0-78.0). This
analysis included 27.6% self-identified as African American,
20.0% as Japanese American, 24.7% as Latino, 6.1% as
Native Hawaiian, and 21.5% as white. The majority of cases
were from the Los Angeles area (66.1%).

The associations of anthropometric factors, diabetes, and
hypertension with meningioma overall and by sex are pre-
sented in Table 2. A BMI of 25 to <30 kg/m? was positively
associated with meningioma compared with a BMI <25
(OR: 1.21; 95% CI: 1.02-1.44), with BMI >30 showing a sim-
ilar association (OR: 1.22; 95% CI: 0.99-1.50, P-trend = 0.04).
Increased weight was also positively associated with me-
ningioma overall (P-trend = 0.02). A positive BMI change
since age 21 was associated with meningioma overall
(overall P-trend = 0.005, P-trend in men = 0.02, P-trend in
women = 0.33, P value for heterogeneity by sex = 0.29).
Similarly, a positive average annual BMI change was as-
sociated with meningioma overall (overall P-trend = 0.04,
P-trend in men = 0.03, P-trend in women = 0.16, P value for
heterogeneity among sex = 0.3168). Increased weight was
also associated with risk of meningioma (OR per 5 kg in-
crease = 1.03; 95% Cl: 1.00-1.06). Risk of meningioma was
significantly higher among those who reported a history of
hypertension overall (OR: 1.26; 95% CI: 1.09-1.47), in men
(OR: 1.44; 95% CI: 1.07-1.94), and in women (OR: 1.21; 95%
Cl: 1.02-1.44), whereas the association between diabetes
and meningioma was not significant overall (OR: 1.20; 95%
Cl: 0.96-1.50). Individuals with a history of both hyperten-
sion and diabetes showed an even higher risk (OR: 1.54;
95% Cl: 1.17-2.03) than those who had neither diabetes nor
hypertension. Smoking status, alcohol use, moderate ac-
tivity, vigorous activity, and hours of sitting were not asso-
ciated with meningioma (Supplementary Table 1).

An analysis stratified by ethnicity revealed that increased
BMI and weight were significantly associated with menin-
gioma in Japanese Americans (P = 0.004 and P = 0.01, re-
spectively), but BMI change (percent) and average annual
BMI change were not (P-trend = 0.22, 0.11, respectively;
Supplementary Table 2). Average annual BMI change was
associated with meningioma risk in whites (P-trend = 0.04).
In addition, hypertension was significantly associated with
meningioma among Japanese Americans (OR: 1.63; 95%
Cl: 1.17-2.27) and Native Hawaiians (OR: 1.86; 95% CI: 1.02—
3.40). A combination of both hypertension and diabetes
was associated with a particularly increased risk among
Japanese Americans (OR: 2.00; 95% Cl: 1.04-3.87). These
associations, however, did not differ significantly across
race/ethnicity (P values for heterogeneity > 0.17).

In women, older age at first birth was inversely asso-
ciated with risk of meningioma (P-trend = 0.004; Table 3).
Oral contraceptive use was positively associated with
meningioma (OR: 1.24; 95% CI: 1.01-1.51), but there was
no dose response trend of increasing risk with increasing
duration of use (P-trend = 0.14). Compared with premen-
opausal women, risk was higher among those who had a
surgical menopause by oophorectomy (OR: 1.67; 95% Cl:
1.06-2.63), but this association was not significant among
those women who were not HT users (OR: 1.95; 95% ClI:
0.99-3.85). Current use of menopausal estrogen alone
showed a borderline significant association with increased
risk compared with no estrogen use (with or without past
or current progesterone use, OR: 1.27; 95% Cl: 0.98-1.64).

Combined use of current estrogen and progesterone was
not associated with meningioma (OR: 1.02; 95% Cl: 0.77-
1.34). Longer duration of estrogen use was significantly as-
sociated with risk (per 5y, OR: 1.07; 95% ClI: 1.01-1.15), but
this was not significant among those who had a surgical
menopause (per 5y, OR: 0.96; 95% CI: 0.81-1.14).

Discussion

This study sought to evaluate factors associated with me-
ningioma risk in a large ethnically diverse population. We
found that higher BMI, higher weight, hypertension, and
oral contraceptive and menopausal estrogen use were as-
sociated with increased meningioma risk.

A positive association between higher BMI and menin-
gioma risk has been observed in several studies in pre-
dominantly white populations.’®"31821 The association
between BMI and meningioma seemed stronger among
men than among women in our study, but this did not
yield a significant P value for heterogeneity. Two other
studies did not find an association between BMI and me-
ningioma in men, possibly due to relatively few male cases
(both N = <55).'2'8 However, a multicenter case-control
study in men with meningioma (N = 456) found a signifi-
cant association between BMI and risk of meningioma.?'
Three meta-analyses also found a positive association
between increased BMI and meningioma risk, 2 of which
found the association to be present among both men and
women.'%2223 Qur findings are consistent with these pub-
lished findings.

In our study, the association between BMI and me-
ningioma seems to be particularly strong in Japanese
Americans. We did not observe any other significant asso-
ciations among other ethnicities with regard to BMI, which
may be due to a relatively higher prevalence of higher BMI
among African Americans, Latinos, and Native Hawaiians
compared with whites and Japanese Americans resulting
in less statistical power. The positive association between
obesity and meningioma may be explained by higher lev-
els of circulating estrogen that may result from more ad-
ipose tissue known to produce estrogen, which is known
to promote meningioma development.?*?’ More adipose
tissue may also increase levels of insulin and insulin-
like growth factor 1, leading to stimulation of cancer cell
growth in breast cancer and may thus contribute to menin-
gioma development in a similar manner.?8

Metabolic syndrome, which is characterized by dyslip-
idemia, obesity, increased systolic blood pressure, and
increased fasting plasma glucose concentrations, has
previously been associated with increased meningioma
risk.192%30 This may be due to chronic low-grade inflam-
mation, decreased antioxidant defense mechanisms, and
increased oxidative stress associated with metabolic syn-
drome.?"¥2 Apart from obesity, this study found a posi-
tive association between hypertension and meningioma,
which was also identified in a nested case-control study
within a cohort from the UK. There currently seems to be
no explanation for the association between hypertension
and meningioma. The association was stronger in indi-
viduals with both hypertension and diabetes. However,
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Table3 Association between hormonal factors and meningioma among women

Cases/ Controls OR* (95% ClI)

Age at menarche, y
<12
13-14
>14
P-trend
Nulliparity
No

Yes

Parity
0
1-2
34
5 or more
P-trend
Age at first live birth, y
nulliparous
15-20
21-30
>30
P-trend
Ever used oral contraceptive
No

Yes

Duration of oral contraceptive use, y
None
<5
>5
P-trend
Menopausal status
Premenopausal
Natural menopause
Surgical menopause (oophorectomy with or without hysterectomy)

Other surgery that causes periods to stop (hysterectomy,
endometrial ablation)

Period stopped but reason unknown
Menopausal status—no HT use
Premenopausal
Natural menopause
Surgical menopause (oophorectomy with or without hysterectomy)

Other surgery that causes periods to stop (hysterectomy,
endometrial ablation)

Period stopped but reason unknown
Menopausal status—HT use
Natural menopause
Surgical menopause (oophorectomy with or without hysterectomy)

Other surgery that causes periods to stop (hysterectomy, endometrial
ablation)

321/3220
250/2517
89/895

600/5917
77/822

77/800

211/2175
225/2228
155/1461

77/822
239/2153
304/3179
29/398

397/4226
251/2256

397/4226
203/1719
47/490

40/484

309/3401
135/1033
157/1351

31/429

39/476
180/1940
28/199
60/551

16/236

120/1360
98/783
87/724

1.00 (ref.)

0.97 (0.81-1.17)
0.98 (0.75-1.27)
0.7888

1.00 (ref.)
0.96 (0.73-1.25)
0.7360

1.00 (ref.)

0.99 (0.75-1.32)
1.07 (0.80-1.43)
1.05 (0.77-1.45)
0.5600

0.81 (0.60-1.08)
1.00 (ref.)

0.78 (0.64-0.96)
0.60 (0.39-0.93)
0.0040

1.00 (ref.)
1.24 (1.01-1.51)
0.0411

1.00 (ref.)

1.31 (1.06-1.63)
1.08 (0.76-1.52)
0.1404

1.00 (ref.)

1.12 (0.73-1.74)
1.67 (1.06-2.63)
1.52 (0.98-2.37)

0.81 (0.44-1.46)

1.00 (ref.)

1.26 (0.73-2.18)
1.95 (0.99-3.85)
1.56 (0.89-2.74)

0.78 (0.36-1.68)

1.00 (ref.)
1.38 (1.00-1.89)
1.45 (1.05-2.01)
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Table3 Continued

Period stopped but reason unknown
Age at menopause, by type
Premenopausal
Natural menopause at age <50
Natural menopause at age >50
Oophorectomy (with or without hysterectomy) at age <50

Oophorectomy (with or without hysterectomy) at age >50

Other surgery (hysterectomy, endometrial ablation) at age <50

Other surgery (hysterectomy, endometrial ablation) at age >50

Limited to postmenopausal women
Estrogen (E) and progestin (P) use
Never E use, with or without past or current P use
Past E use, with or without past P use
Current E use alone
Current E use with P—past or current
P-trend
HT use
Estrogen per 5 year of use
Progestin per 5 year of use
Estrogen + progestin per 5 year of use
Limited to women with surgical menopause
HT use
Estrogen per 5 year of use
Progestin per 5 year of use

Estrogen + progestin per 5 year of use

Cases/ Controls OR* (95% Cl)
6/89 0.94 (0.37-2.34)
40/484 1.00 (ref.)
139/1585 1.12 (0.71-1.78)
164/1782 1.27 (0.79-2.02)
101/824 1.72 (1.07-2.74)
22/149 2.02 (1.07-3.80)
134/1130 1.62 (1.03-2.55)
10/75 1.90 (0.85-4.26)
284/2926 1.00 (ref.)
120/1211 1.09 (0.86-1.38)
102/820 1.27 (0.98-1.64)
89/925 1.02 (0.77-1.34)
0.4289
1.07 (1.01-1.15)
0.59 (0.33-1.04)
1.05 (0.92-1.20)
0.96 (0.81-1.14)
0.32(0.08-1.29)
0.69 (0.41-1.17)

OR stratified by matching set and adjusted for BMI, alcohol, smoking status, diabetes, hypertension, and education.

no association between diabetes alone and meningioma
risk was identified in this study, which has even been sug-
gested to be inversely related in a large Swedish cohort.3
The results from this study suggest that low physical activ-
ity levels and smoking status, which are both positively
associated with metabolic syndrome, are not associated
with meningioma risk.343% Smoking, which was not associ-
ated with meningioma risk in this study, has been inversely
associated with risk of meningioma in some studies.'®36
Oral contraceptive use was associated with increased
meningioma risk in this study, which is in line with 2 other
relatively large cohort studies from the US and Europe,’3'4
although conflicting results have been reported based on
the Million Women Study and a case-control study from
the Chicago area.?>*¢ Menopausal hormone use has been
associated with increased meningioma risk, although our
study found only a borderline significant association with
sole estrogen use.'%-%2 Nevertheless, increased duration
of estrogen use was significantly associated with menin-
gioma. Consistent with our findings, a Finnish cohort
suggested that estrogen use in particular was associated
with meningioma, whereas a combination of estrogen
and progesterone was not.*' Another study indicated that

use of estrogen and progestin combined therapy resulted
in a higher risk than sole estrogen use.?” These intrigu-
ing associations between hormonal contraceptives and
menopausal hormone use and meningioma risk may be
explained by the fact that the estrogenic components of
these agents potentially promote meningioma growth,
but the specific contribution of progestin to meningioma
risk remains less clear and was clearly negative in our
study.?*?’The inverse association with progestin use may
be explained by the relatively older age at enrollment
in our cohort compared with other studies, as proges-
terone receptor-positive meningiomas tend to present
at a younger age and may be underrepresented in our
cohort.*

Some of the study strengths are the inclusion of mul-
tiple ethnicities, relatively large size, and extensive infor-
mation on risk factors and potential confounders. To
our knowledge this is the first study comparing risk fac-
tors across ethnicity/race in a single study with uniform
data collection on risk factors. However, this study also
has several limitations. The algorithm used to ascertain
meningioma cases and controls using the Medicare and
Center on Human Development and Disability (CHDD)
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databases has not been validated in the MEC, which
might have resulted in outcome misclassification. There
is a possibility that the control group might include undi-
agnosed meningioma, which is present in about 1-2% of
individuals.** If this occurred, the observed associations
in this study might have been attenuated. The adminis-
trative claims data also did not permit the differentiation
of World Health Organization grades of meningiomas to
delineate specific risk factors for high-grade meningioma.
Finally, even with our large number, the numbers of cases
in each racial/ethnic group and across exposure cate-
gories are sparse, which may have resulted in a lack of
power to detect a significant association in the analyses
stratified by ethnicity.

In conclusion, in this first study of meningioma risk fac-
tors among diverse populations, we provided some ev-
idence that body weight, hypertension, and hormonal
factors are associated with meningioma with some differ-
ences among ethnicities.

I
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Supplementary data are available at Neuro-Oncology
online.
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