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Relationship Between Oral Contraceptives and The Risk of Glioma and

Meningioma :A Dose-response Meta-analysis and Systematic Review

Abstract

Objective: Glioma and meningioma are the most common printagain tumors in adults.
Epidemiological studies on the relationship betwé&smale hormone exposure and exogenous

hormone use and the risk of meningioma and glionfarnales have yielded inconsistent results.

Methods. Two investigators comprehensively retrieved thréecteonic databases,including
Pubmed, Embase database, and Cochrane librarflyFimaotal of 11 case-control studies were

enrolled for meta-analysis. Meanwhile ,a dose-respaneta-analyses were conducted.

Results: Compared with the non-OCs female users, the fe@&le users might have reduced
risk of glioma (RR 0.87,95%CI0.77-0.9742.6%). However, there was no obvious evidence of
an association between OCs use and the risk of ngema in females (RR
0.99,95%CI10.87-1.1342.7%). Using OCs over 10years in females may figmitly decrease
the risk of glioma to 30% (RR 0.7,95%CI0.6 -0.840%). The dose-response meta-analyses
indicated that the risk of glioma in females sigiaihtly decreased when the duration of oral OCs

use was over7.5 year.

Conclusions In conclusion, OCs use may not increase the risksglimma and
meningioma in females. Instead, the long-term ds@@s may significantly decrease the risk
of glioma, and the benefits are even more pronalimdeen the “time window” is beyond7.5
years.Nonetheless, the pooled results in this study sstghat OCs use may not elevate the risk
of meningioma. Therefore, our conclusion shouldvékdated and supplemented in future larger

studies.
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I ntroduction

Glioma and meningioma are the most common primaanbtumors in adultd, but their
precise pathogenesis has not been well establigitedHigh dose ionizing radiatiit’, genetic
susceptibilitf**'and some rare genetic dise&3kave been identified as the risk factors, but only
in a small proportion of cases. Other factors, samobile phone use®, head traum&!, family

(1011 and oral contraceptive (OC)&&*! have also been proposed as the risk factors, but

history
they have not been validated yet.As reported iesestudies, the incidence of meningioma and
glioma is different depending on the sex. For eXxammeningioma is more frequently seen in
women, with a female-to-male ratio of up to 3.5nlsbme age grou%, while glioma hasa
higherincidence in males (7.10 per 100,000 persars) than in females (5.01 per 100,000
person-yearsﬁ”. Therefore, many scholars suggest that hormongsb@aone of the important
factors affecting the development of these tumibis.shown by some experimental evidence that,
estrogen exposure may protect againstglioma bybitig glioma cell proliferation and
promoting cell apoptosi&®*™.In contrast, estrogen may also increase the fiskemingioma, and

it is reported that meningioma cell lines exposedestradiol or progesterones how higher
proliferation rated®. Generally speaking, exogenous hormones, such Gsa@ hormone
replacement therapy (HRT), have been extensivepliegh among the non-menopausal and
postmenopausal females. HRT application displaydeelining trend across postmenopausal
women, whereas OC use shows an increasing[i?b@d:s, the most common drug contraception
method that can achieve a high contraception sacwde, are mostly made up of synthetic
estrogen and progesterone. However, there are sistent results from epidemiological studies
on the relationship of female hormone exposure exajenous hormone use with the risks of
meningioma and glioma in females, and there isvideace of a trend toward longer duration of
hormone udé’?® To address these gaps, a systematic meta-anatysisonducted in the present
work to investigate the association between OCsansethe risks of meningioma and glioma. In
addition, a dose-response meta-analysis was atseccaut to evaluate the effect of the duration

of OCs use on the risks of meningioma and glioma.

Methods

Search Strategy

The present meta-analysis was performed followimg protocols and guidelines in the
Preferred Reporting Items for Systematic Reviewsl dvieta-Analyses (PRISMK)‘].The
databases, including Pubmed, Embase database ahda@e library, were systemically searched
to identify relevant articles published in Englisbm inception to October" 2020.In addition,

the library was manually retrieved to avoid omitirany eligible article. To ensure a



comprehensive search, three sets of medical subgadings (MeSH) were adopted, including
“Contraceptive Agents, Hormonal”, “Meningioma” ati@lioma”. Moreover, relevant previous
meta-analyses and systematic reviews were alsevwetr and included in the std%fyzg]. The

search strategy is displayedAppendix 1.

Study Selection

The study inclusion criteria were as follows: 1l)nfades had a history of hormonal
contraceptive agent use, no history of glioma oningioma or precancerous lesions. 2) The
exposure was the use of hormonal contraceptiveta@@rSubjects who never used hormonal
contraceptive agents were adopted as a controk4dlittome was the risk of incidence of glioma
or meningioma.5) The study type was limited to obsonal study or randomized controlled trial
(RCT). 6).There were available data on the maxinadjustment risk ratios (RRs), odds ratios
(ORs), hazard ratios (HRs), together with corredpun95% confidence interval (Cl) in the study.
Meanwhile, the study exclusion criteria were shdwetow: 1). Females with nohistory of using
hormonal contraceptive agents or with a historglmfma or meningioma or precancerous lesions
were excluded. 2). The exposure was not the uskoahonal contraceptive agents.3) The
outcome was the risk of incidence of non-gliomanon-meningioma.4).Conference abstracts,

letters, and case reports were excluded.

Data extraction and quality assessment

The following data, including first author, publita year, study type, country, date of
recruitment, age, patient number, gliomaconfirmmatiatervention, control number and outcomes,
were extracted using the unified data list. In theantime, the numbers of all participants and
cases in the intervention and control groups wése @ecorded. Any disagreement or dispute in
the process of data extraction was resolved throaghtual negotiation. Besides, the
Newcastle-Ottawa scale (NO%‘? was utilized to assess the study quality, anddted score was
9. Specifically, studies with a NOS score over &sstwere considered as high quality studies,

while those with a NOS score less than 6 starsvagjliality studies.

Statistical Analysis

The primary outcome in this study was qualitatimalgsis on the relationship of OCs use with
the risks of glioma and meningioma. Generally, HRuaed to RR and was thus
roughly considered as RE.Meanwhile, ORs were transformed into RRs by thkoviong



formula: RR=0OR/[(1-B)+(P*OR)], where bstands for the incidence of outcome in unexposed
group®.Besides, the corresponding 95CI was transformed lbiye formula:
SEIog(RR):SElog(OR)XIog(RR)/Iog(OR[?Z]. The data were presented as RRs. Statistical
heterogeneity was evaluated by tRestatistic®®!, where the 4 values of 25%, 50% and 75%
represented low, moderate and high inconsisteesperctively. Moreover, subgroup analysis and
meta-regression were also performed to exploreptitential sources of heterogeneity and to
compare different groups. Sensitivity analysis waplemented by eliminating one study each
time to test its impact on the pooled results. Tarerconservatively estimate the pooled RRs, the
random effect model was adopted, since it was noapmble of explaining the heterogeneity
between studies. Further, the funnel plot was drionvaissess the publication bias by Begg's test
and Egger’s test" ™" .

The secondary outcome in this study was the sysiemssessment of the impact of OCs use
duration on the risk of glioma or meningioma. Tastlend, a quantitative dose-response
meta-analysis was conducted. For the maximum ekoavaf available studies, the robust error
meta-regression method described by Xu and Davas adopted to establish the potential
dose-response relationship of oral hormonal coepiies use with the risk of glioma or
meningioma. In this “one-stage” framework methaal;feincluded study was treated as a cluster
across the whole population, which required thatdfudies include at least two categories. In this
study, the restricted cubic spline was employedittthe potential non-linear trend with three
knots, and the nonlinear P-value was calculatetebiing the second spline coefficient of zero.
The nonlinear model was adopted when P for nonlig@z05; otherwise, the linear model was
adopted. Generally speaking, the included studiesld take the category of lowest dose as a
reference. The original author was contacted whemtmber of cases in a category was missing.

In addition, when the open intervals were studibdir amplitudes were assumed to be the same

as those of adjacent categofiés. All data were analyzed by Stata 12.0.

Results

A total of 440 studies were retrieved from threectbnic databases including PubMed,
Embase, and the Cochrane library, as showfigure 1. No additional study was found by
manual search. Among these440 studies, 50 weraidaatldue to duplication, while354were
removed due to irrelevance after title and abstraatling. For the remaining 36 studies, the
full-texts were carefully read and 16 were excludad to the following reasons: a) reviews(n=7);
b) the outcome was brain tumor (n=2); c) the subjbad no history of hormonal contraceptive

(n=3); d) both male and female were exposed(n=1géers and abstracts (n=3).Finally,



20observational studiés' ™™’ were enrolled in the present meta-analysis, inoydL3
population-based case-controlled studies and 7rtshadies. The baseline characteristics of all
the enrolled studies are shown Table 1. Among the 20 observational studies enrolled, 12
reported the relationship between OCs use and ifke of glioma, whereasl13 reported the
association between OCs use and the risk of menmirayi Quality assessment of the included
studies is presented 8upplementary Table 1. Of these 20 studies, nine studies scored 8 s&ars;
studies scored 7 stars; one study scored 6 stiirstullies scored higher than 6 stars and were

considered as the high-quality studies.

Meta-analysis

OCs Users Vs. Non-OCs Users

As shown inFigure 2, 12 studies involving 1,844,503 participants régpdrthe association
between OCs use and the risk of glioma. Comparéhd the non-OCs female users, the female
OCs users might have reduced risk of glioma (RR,98%CI0.77-0.97;°42.6%).In addition, 13
studies recruiting 1,948,360 participants mentiothedassociation between OCs use and the risk
of meningioma,as shown iRigure 2. Compared with the non-OCs female users, thereneas
obvious evidence of an association between OCsndehe risk of meningioma in females (RR

0.99,95%CI0.87-1.1342.7%).

The funnel plot showing the relationship betweensQGe and the risks of glioma and
meningioma in females is displayed Supplementary Figure 1.0bviously, the funnel plot was
asymmetrical, but there was no obvious evidencpublication bias upon Begg's (p=0.837)or
Egger’s test (p=0.843).Moreover, to explore theeptiédl heterogeneity among diverse studies,
this study carried out subgroup analysis and megeession, as exhibited Trable 2. Additionally,
subgroup-analysis stratified by publication yeample size, country, tumor confirmation and
study design was carried out. As a result, theipatibn year after 2010, the sample size less than
500, the included studies from Europe and tumoficoation by the International Classification
of Diseases(ICD) were the potential sources of rogeneity in glioma. Simultaneously, the
publication year before 2010, the sample size tleas 500, the included studies from America,
and tumor ascertainment by the medical records werepossible sources of heterogeneity in
meningioma. Nonetheless, the above-mentioned faatede no contribution to inter-study
heterogeneity, as suggested by meta-regressiogsaabensitivity analysis on the relationship
between OCs use and the risks of glioma and memimagin females is shown Bupplementary

Figure 2.The pooled results only changed mildly when ondystuas removed a time.



Duration of OCs use

As observed fronfrigure 3, compared with non-OCs users, there was no sigimfiincrease in
the risk of glioma among females who used OCs é&uslthan 1 year (RR 0.86, 95%CI
0.7-1.06;f41.8%).

However, OCs use forl-10years in females mightifsigmtly decrease the risk of glioma
t017%(RR 0.83,95%CI0.0.74—0.9§)%).SimiIarIy, it was indicated that OCs use foreowv0
years might decrease the risk of glioma in femal@®spared with that in non-OCs users (RR
0.7,95%CI0.6 -0.8170%).

It was illustrated fronfFigure 4 that, compared with non-OCs users, there was grufisiant
increase in the risk of meningioma among females uged OCs for less than 1 year (RR 0.99,95%
Cl0.8-1.22; f0%). In addition, similar results were found in ti@ups with OCs use for 1-10
years and over 10 years, with (RR1.16,95%CI0.98:F3%%) and (RR0.99,95%

C10.78-1.25:10%), respectively.

Dose-response Meta-analyses

According toFigure 5, 11 studies involving1,844,146 participants sedtsthe dose-response
for the relationship between OCs use and the figlioma. The results showed that there was a
positive non-linear correlation between the duratiof OCs use and the risk of glioma
(Proniinea=0.004). With the increase in the years of oral @Ss, the risk of glioma in females
decreased gradually. Specifically, the risk of glooin females significantly decreased when the
duration of oral OCs use was over7.5 years, whiégeet was no significant association between
OCs use and the risk of glioma when the duratios less than 7.5 years.

It was found inFigure 6 that, 9 studies involving1,527,165participants thet dose-response
for the relationship between OCs use and the fiskemingioma. Clearly, there was a non-linear
correlation between the duration of OCs use andritie of meningioma (Bniinea=0.033).
However, with the increase in the years of oral @Es, there was no distinct evidence on the

relationship between OCs use and the risk of mawrimg



Discussion

Findings in the present meta-analysis involving38,608 participants suggested that, the use of
OCs might not increase the risk of glioma or meign@. Conversely, as time went by, long-term
use of OCs might significantly decrease the riskjladma, and the “critical point” seemed to be
7.5 years. However, results of qualitative analysiicated that OCs use might not increase the

risk of meningioma, and similar results were repoiih dose-response analysis.

OCs are the most common drug contraception methatdcan achieve a high contraceptive
success rate, and they are mostly made up of sim#strogen and progesterone. OCs, one of the
sources of exogenous hormone intake, are stillovatsial about their relationship with the risks
of meningioma and glioma. A study by Andersen lalef45]suggested that, long-term hormonal
contraceptive use might increase the risk of gliomaich was possibly related to the fact that
progesterone promoted the proliferation of highdgrastrocytoma cell§® and the levels of
growth factors®®, and the progesterone receptor (PR) mRNA or pragpression increases as
the glioma grade elevatééHowever, a study by Krishnamachari B et™l. showed that, OCs
use decreased the risk of glioma, which was bedias¢he hormone promoted the expression of
Th2 cytokines that had certain protective effects glioblastom&®. Further, some
epidemiological and observational studies also akteat, hormonal regulation plays a certain
role in meningioma genesis and development. TheRRRession level is found to be negatively
correlated with histological grade and the high imgioma relapse rate; besides, oral
contraception may down-regulate PR expression,eliyedeading to an increased risk of
meningiom&**%% Nonetheless, Guevara P et al. discovered tha&Ehéevel was not related to
the relapse of meningiofid. Furthermore, the biological data-based studiestin indicate that,
estradiol or progesterone application promotes nggoma cell proliferatio[ﬁzl, whereas estrogen
suppresses glioma cell groftff*.in recent years, Peyre M et al. first illustratie specific
mutational landscape in progesterone-related memmggoccurrence from the molecular biology
perspective, where the hormone-induced PIK3CA geutations were found to be involved. But
our pooled results revealed that OCs use was faiedeto the risk of meningioma. The diverse
types of hormones are well recognized to exerembfiit functions in meningioma and glioma, but
no further precise analysis can be conducted dtleetbmited existing data. Future research must
focus on hormone type differentiation. Moreover thechanisms by which OCs use affects the

risks of glioma and meningioma should be furtharited in more future studies.

Note worthily, our meta-analysis has the followisttengths. Firstly, to the best of our

knowledge, this is the first systemic and quak®&tmeta-analysis. Meanwhile, the results of



gualitative meta-analysis were further validatedthy dose-response meta-analysis. Secondly,
OCs use is one of the complementary sources ofezxag sex hormones, which has not been
well explained to be related to meningioma or ghoimhis study partially explained the problem.
More importantly, this study found that long-tersewf oral OCs might reduce the risk of glioma,
which provided a direction for future study. Thirdthe quality of our enrolled studies was high,

which guaranteed the reliability of the results.

Inevitably, several limitations should be notedhis study. Firstly, due to the limited number
of existing studies, subgroup analysis stratifigd race, age and parity was not performed.
Secondly, although the results of most studies adjasted according to the maximum covariates,
the influence of residual confounding variables was excluded. Thirdly, most studies did not
report the specific sex hormone components in Qi@sefore, difference in the sex hormone
contraceptive might lead to a certain differencéhi@ pooled results. Fourthly, it was suggested
that OCs use did not elevate the risk of meningiaowording to the limited existing data, but the

risk of other possible diseases was not eliminated.

In conclusion, OCs use may not increase the riskgi@ama and meningioma in females.
Instead, the long-term use of OCs may significadligcrease the risk of glioma, and the
benefits are even more pronounced when the “tinmelowi” is beyond7.5 yearblonetheless,
the pooled results in this study suggest that Os&smay not elevate the risk of meningioma.

Therefore, our conclusion should be validated amgpkemented in future larger studies.
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Figurelegends
Figure 1.Flowchart of the study retrieval process.

Figure 2. Forest plots of OCs use and the risks of glionhrmaningioma regardless of the

use duration.

Figure 3. Forest plots of OCs use and the risk of gliomaoeding to the different use

duration.



Figure 4. Forest plots of OCs use and the risk of meningiaswording to the differentuse

duration.
Figure5. The dose-response of glioma.
Figure 6. The dose-response of meningioma.
Supplementary Figure 1. Funnel plot of the risks of glioma and meningioma.

Supplementary Figur e 2. Sensitivity analysis on the risk gfioma and meningioma.
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Tblel.The Detailed Characters of The I ncluded 20 Observational Studies

First Author , year Study Country The Date of  Age, Patients Number Ascertainment Intervention Control or Total Outcome
Type Recruitment  year (G/IM) Number
] [37] PCC USA NA 52.6y 507/247 Medical OCs 659 Gliomas/ Meningiomas
Anic.GM , 2014
Records
SR — PCC USA 1991-1994  56.3y 619/ International OCs 650 Gliomas
Felini MJ ' 1997-1999 Classification
2001-2004 of Diseases
[22] PCC USA 1994-1998 51.8y 212/151 International OCs 436 Gliomas/ Meningiomas
Hatch EE ,2005 L
Classification
of Diseases
_ 397 PCC USA 2003-2008  51.4y 968 International OCs 1322 Gliomas
Krlshnamacharlé e
Classification
, 2014 of Diseases
_ [40] PCC Sweden 2000-2002 20-69y 115/178 International OCs 323 Gliomas/ Meningiomas
Wigertz A ,2006 e
Classification
of Diseases
[41] PCC USA 1995-1998 NA 1143 Medical OCs 286 Meningiomas
Custer B ,2006
Records
[21] PCC USA 1995-1997 52y 341 International  OCs 527 Gliomas
Huang K ,2004 e
Classification
of Diseases
[42] PCC USA 1987-1992 NA 1219 Medical OCs 260 Meningiomas
Lee E ,2006

Records
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,2011

Korhonen &44],2010

Andersen L[45] ,2014

Benson VS[46] ,2008

Claus EB™" 2013

Jhawar BS*® 2003

Michaud DS* 2010

Navarro Silvera.SA

[50] 2005

Wang S§51] , 2011

Kabat GC°2 2011

Cohort

PCC

PCC

Cohort

PCC

Cohort

Cohort

Cohort

PCC

Cohort

Spain

Finland

Denmark

UK

USA

USA

UK

USA

USA

USA

1996-2008

2000-2002

2000-2009

1996-2001

2006-2011

1976-1996

1990s

1980-2000

1993-2001

1995-2003

12-89y

54y

15-49y

55.9y

57.2y

54.2y

50.4y

48.5y

NA

50-71y

549

1264

317/

646/390

11127

/125

193/194

125/

357/

174/

Medical
Records

International
Classification
of Diseases
International
Classification
of Diseases
International
Classification
of Diseases
Medical
Records
Medical
Records
International
Classification
of Diseases
International
Classification
of Diseases
Medical
Records
Medical
Records

OCs

OCs

OCs

OCs

OCs

OCs

OCs

OCs

OCs

OCs

7347

505

2126

1,249,670

1092

121,700

276,212

89,830

822

225,355

Meningiomas

Meningiomas

Gliomas

Gliomas/ Meningiomas

Meningiomas

Meningiomas

Gliomas/ Meningiomas

Gliomas

Gliomas

Gliomas



PCC USA
Preston-Martin é53],
1995

Cohort USA
Johnson DI{254] , 2011

1978-1985

1986-2004

20-74y

69.3y

/81 Medical
Records

/125 International
Classification
of Diseases

OCs

OCs

155

291,021

Meningiomas

Meningiomas

PCC, Population-based Case-Control. OCs, oral @oeptives.NA: No Applicable.



Table.2 Subgroup analyses and Meta-regression of the OCs usage of the risk of Gliomas and Meningiomas

Gliomas Meningiomas
Type N  RR(95%CI) |2 p? PP N RR(95%Cl) 12 p? PP
Published Year 12 0859 13 0.967
Before 2010 6 0.86(0.78-0.96) 0% 0.908 7 0.86(0.68-1.09) 58.2% 0.026
After 2010* 6 0.87(0.69-1.1) 71.6% 0.003 6 113(1.0-1.28) 0% 0.535
Sample Size 0.541 0.426
<500 5 0.93(0.70-1.23) 66.4% 0.018 6 0.88(0.65-1.20) 60.6% 0.026
>500 7 0.83(0.76-0.91) 0% 0.777 7 107(0.95-1.20) 16% 0.038
Country 0.531 0.712
America 9 0.80(0.72-0.88) 0% 0.964 8 0.93(0.75-1.16) 62.5% 0.009
Europe 3 1.04(0.72-1.48) 81% 0.005 5 1.07(0.94-1.21) 0% 0.471
Ascertainment 0.478 0.561
ICD 8 0.9(0.78-1.05) 59% 0.017 5 1.13(1.00-1.28) O 0.457
Medica Records 4 0.76(0.62-0.93) 0% 0.998 8 090(0.74-1.10) 524% 0.04
Study Design 0.596 0.505
PCC 8 0.87(0.72-1.05) 0% 0.013 8 094(0.76-1.14) 49.1% 0.056
Cohort 4 0.87(0.77-0.97) 0% 0.686 5 1.07(0.90-1.26) 40.8% 0.149

* indicated including 2010. ICD, International Classification of Diseases. P* for heterogeneity
within each subgroup. P® for heterogeneity between subgroups with meta-regression analysis.
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%
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100.00

17.85
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9.97
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Abbreviationslist: OC, Oral contraceptive. MeSH, medical subject headings. ORs, odds

ratios.NOS, Newcastle-Ottawa scale.|CD, International Classification of Diseases.
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