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Abstract

Purpose The relationship between hormone replacement

therapy (HRT) and the incidence of meningioma in women

has been investigated in several epidemiologic studies, but

their results were not entirely consistent. Here, we per-

formed a meta-analysis of case–control and cohort studies

to analyze this association.

Methods The PubMed database was searched from

inception to 30 September 2012 to identify relevant studies

that met pre-stated inclusion criteria. We also reviewed

reference lists from the retrieved articles. Two researchers

evaluated study eligibility and extracted the data indepen-

dently. Odds ratios (ORs) or relative risks and 95 % con-

fidence intervals (CIs) were extracted and pooled using the

fixed-effect or random-effects models.

Results A total of 11 studies (six case–control and five

cohort studies) were included in this meta-analysis,

involving 1,820,954 participants, of whom 3,249 had

meningioma. When compared to never users of HRT, the

pooled OR with ever users for meningioma was 1.29 (95 %

CI 1.03–1.60). Sensitivity analyses restricted to postmen-

opausal women yielded similar results (OR: 1.22; 95 % CI

1.02–1.46). Subgroup analyses showed that the pooled ORs

were 1.27 (95 % CI 1.08–1.49, p \ 0.05) and 1.12 (95 %

CI 0.95–1.32) for current and past users of HRT,

respectively.

Conclusion Hormone replacement therapy use is associ-

ated with an increased risk of meningioma in women, as

well as in postmenopausal women. Besides, the significant

risk elevation is present in current users but not in past

users. Future research should attempt to establish whether

this association is causal and to clarify its mechanisms.

Keywords Hormone replacement therapy �
Meningioma � Risk factor � Meta-analysis

Introduction

Meningioma is the secondly most common brain tumor,

corresponding to an incidence rate of approximately 3.5/

100,000 per year worldwide and constituting between 13

and 25 % of all adult primary intracranial tumors [1, 2].

Meningiomas are largely benign and typically slow grow-

ing, which generate from the arachnoid cap cells embedded

in the arachnoid villi and rarely displaying biologically

aggressive behavior [3]. Nowadays, the etiology of

meningiomas remains largely unknown. Established risk

factors including age, ionizing radiation, and some rare

genetic conditions can only explain a small portion of total
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cases [4, 5]. Many other risk factors such as brain injury,

smoking, chronic virus infection, and occupational expo-

sures have been suggested as risk factors, but no definitive

conclusions can be drawn.

The incidence of meningiomas is two to three times

more common in women than in men, which suggest that

hormones could influence the development of meningioma.

Increased tumor growth rates have been reported during

pregnancy [6], and an association exists between breast

cancer and meningioma [7]. Molecular studies show that

progesterone and estrogen receptors are present in

approximately 70 % and 30 % of meningiomas, respec-

tively [8, 9]. Proliferation of human meningioma cell lines

after exposure to estrogen and progesterone has also been

observed [10]. On the basis of these observations, there has

been much speculation that hormone replacement therapy

(HRT) may be a risk factor for meningioma in women.

Many epidemiologic studies have been published from

different countries investigating the association of HRT in

women and the incidence of meningioma [11–21], but the

results are inconsistent. Besides, there is still no systematic

and quantitative assessment of published findings on this

topic, and we therefore conducted a meta-analysis to better

clarify this issue.

Materials and methods

Search strategy

We attempted to report this meta-analysis follow the pro-

posed (meta-analysis of observational studies in epidemiol-

ogy) MOOSE guidelines [22]. We systematically searched

the PubMed databases to identify citations of previously

published (up to 30 September 2012) relevant studies using

the following search terms: (1) hormone replacement ther-

apy, hormonal exposures, estrogen replacement therapy,

reproductive factors; (2) meningioma, brain tumor. In

addition, we have searched the reference lists of all identified

relevant publications. No language restriction was applied.

Eligibility and criteria

There were two reviewers (Fan and Wu) to evaluate studies

independently for possible inclusion and resolve any dis-

crepancy by discussion. The reviewers were blinded to

journal and institution. Studies were included if they met the

following criteria: (1) used a case–control or cohort study

design; (2) investigated the associations between HRT and

risk of intracranial meningioma in women; (3) meningioma

cases were medically confirmed; (4) provided the odds ratios

(OR) or relative risk (RR) with confidence intervals (CIs) or

data necessary to calculate them; (5) data including at least

one of the following hormone exposure variables were

given: ever versus never users, current users, and past users.

Data extraction

The following data were extracted from each of the studies

that met the inclusion criteria: study name, authors, pub-

lication year, study site, study design, follow-up years for

cohort studies, sample size (numbers of case patients and

control subjects or cohort size), instruments used for data

collection, matching variables, and statistical adjustments

for confounding factors. In cases where more than one

article was published on the same population of patients,

the most recent or most informative report was selected for

analysis. ORs or RRs and their respective 95 % CI were

either extracted directly from the article or calculated from

available raw data.

Statistical analysis

STATA 11 (StataCorp, College Station, TX, USA) was used

for all statistical analysis. The measure of effect of interest is

the OR with 95 % CI. Because the risk of meningioma is low,

the relative risk in prospective cohort studies mathematically

approximates the odds ratio [23], therefore permitting the

combination of case–control and cohort studies. The multi-

variate-adjusted ORs and 95 % CI presented in the literature

were used. If the OR was not available, raw data were used to

calculate it. The potential between-study heterogeneity was

assessed using the v2-based Q statistical test and the I2 test

[24, 25]. Heterogeneity was considered significant when I2

was[50 % and p was\0.10. When no heterogeneity existed,

the results from the individual studies were combined using

the fixed-effects model with the Mantel–Haenszel method

[26]. Otherwise, the random-effect model with the DerSi-

monian–Laird method [25] was used for pooling.

Because HRT is used mostly in postmenopausal women,

we further conducted a sensitivity analysis restricted to

postmenopausal women to assess the association between

HRT and incidence of meningioma.

Publication bias was estimated using the STATA pro-

cedure of ‘‘Metabias,’’ which is based on two different

approaches, Begg’s [27] and Egger’s tests [28]. p \ 0.05

was considered indicative of significant publication bias.

All p values were two-sided.

Results

Literature search

Figure 1 shows a flow diagram of the selection process for

relevant studies. Searches of the PubMed generated 647
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potentially relevant articles. Of these, the majority were

excluded after the first screening based on abstracts or

titles. The full texts of 20 of them were further reviewed.

Six studies were excluded because they did not investigate

the association between HRT and meningioma risk [29–

34]. One study was excluded because it was not a com-

parative study [35]. Two reviews were also excluded [36,

37]. Finally, 11 studies [11–21] were eligible for this meta-

analysis.

Study characteristics

The characteristics of the 11 eligible studies are presented

in Table 1. These studies were published between 2003 and

2012, involving a total of 1,820,954 participants, of whom

3,249 were meningioma patients. Of the 11 studies, six

were case–control studies and five were cohort studies.

Five studies were conducted in the USA, two in the UK,

one each in Canada, Sweden, Finland, and one was a multi-

country study. Among the 11 enrolled studies here, six

studies evaluated the association between current/past

hormone use and meningioma risk. One study did not

adjusted for confounders [13], while the other studies

adjusted for some variables, such as age, gender, race,

education, body mass index (BMI), smoking status, oral

contraceptive use, family history with brain tumors, marital

status, and distance from home to hospital.

Overall association of HRT use with the risk

of meningioma

The results of the pooled analysis for ever use of HRT are

shown in Fig. 2. Among the 11 enrolled studies, four

showed a significantly positive relationship between HRT

use and the incidence of meningioma. The ORs ranged

from 0.70 (95 % CI 0.40–1.20) to 2.20 (95 % CI

1.90–2.60). There was a significant heterogeneity among

these studies (I2 = 80.6 %, p \ 0.01), and the random-

effects model was used to calculate the summary OR. In

the pooled analysis, the summary ORs associated with ever

HRT users in comparison with never users in the case–

control studies were 1.08 (95 % CI 0.88–1.33) and 1.58

(95 % CI 1.20–2.09) in the cohort studies. When the cohort

and case–control data were combined, the cumulative OR

for all studies was 1.29 (95 % CI 1.023–1.60, p \ 0.05),

suggesting a significant positive association between HRT

use and the risk of meningioma.

Current and past HRT use

The meta-analysis of current and past use of HRT

(vs. never) included six studies [11, 12, 14, 18, 19, 21],

comprised of three case–control and three cohort studies.

No statistically significant heterogeneity was detected

among those studies, so the fixed-effects model was used.

Fig. 1 Flow chart of study

selection. HRT Hormone

replacement therapy, OR odds

ratio, RR relative risk
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For current users, the pooled OR was 1.27 (95 % CI 1.08

to 1.49, p \ 0.05) (Fig. 3a), which suggested current use

of HRT was associated with an increased risk of the

occurrence of meningioma. Subgroup analysis showed that

the summary ORs were 0.97 (95 % CI 0.75–1.25) in the

case–control studies and 1.51 (95 % CI 1.23–1.85) in the

cohort studies. Inversely, no association was found

between past use of HRT and the risk of meningioma (for

all studies: OR: 1.12; 95 % CI 0.95–1.32; for case–control

studies: OR: 1.00; 95 % CI 0.79–1.26; for cohort studies:

OR: 1.27; 95 % CI 1.00–1.63) (Fig. 3b).

Sensitivity analyses and publication bias

Nine of the studies included in our meta-analysis exam-

ined the relation between the use of HRT and the inci-

dence of meningioma in postmenopausal women [11–15,

17–20], so we conducted a sensitivity analysis restricted to

postmenopausal women. The pooled OR was 1.22 (95 %

CI 1.02–1.46), 1.03 (95 % CI 0.77–1.39), and 1.39 (95 %

CI 1.18–1.63) for case–control, cohort, and all studies,

respectively, with a middle heterogeneity among these

studies (I2 = 50.0 %, p = 0.058).

Begg’s test indicated no publication bias among studies

of HRT use and meningioma risk (p = 0.436) (Fig. 4), but

Egger’s test indicated a possible publication bias

(p = 0.050). Visual inspection of the Begg’s funnel plot

did not identify substantial asymmetry. These results

suggested a possibility that publication bias may have

played a role in the observed effect, but it was unlikely to

explain the full magnitude of the association.

Discussion

This is the first systematic review and meta-analysis of

published studies assessing the risk of meningioma in

women using hormone replacement therapy. Our meta-

analysis provided evidence that HRT use is associated

with an increased risk of meningioma in women, as well as

in postmenopausal women. In addition, the significant risk

elevation is present in current users but not in past users.

As meningiomas are rare, the majority of studies inves-

tigating risk factors, including the use of HRT, were retro-

spective case–control studies. Our meta-analysis contains

11 studies with six case–control and five cohort studies. The

potential for misclassification and differential reporting of

HRT use, a problem in all retrospective studies, is particu-

larly strong for brain tumors, as patient’s memories may

have been affected by the tumors. Besides, owing to infor-

mation about exposure relying on the participants’ memory

and proxy interviews, recall bias is complicated commonly.

The majority of case–control studies have shown noT
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association between HRT use and the incidence of menin-

gioma, which is contradictory to our finding. On the contrary,

one noticeable advantage of the cohort study is that all par-

ticipants are recruited before meningioma develops, and the

collection of data occurs near the exposure. Therefore, the

data are more accurate. Our observation for meningioma risk

and HRT use was consistent with the two largest prospective

cohort studies included in the present meta-analysis: the

European Prospective Investigation into Cancer and Nutri-

tion study (ever vs. never users, RR: 1.73; 95 % CI

1.23–2.43; current vs. never users, RR: 1.79; 95 % CI

1.18–2.71) [19] and the Million Women Study (ever vs.

never, RR: 1.32; 95 % CI 1.05–1.66; current vs. never, RR:

1.34; 95 % CI 1.03–1.75) [18].

Clinical evidences have been suggested that meningi-

oma might be a hormone-sensitive tumor based on obser-

vations of higher incidence in women than in men [1], an

observed increased development of meningioma during

pregnancy [6] and the luteal phase of menstruation [38,

39], increased incidence of meningioma in women with

breast cancer [7], and growth of meningioma after estro-

gen–progestin therapy in transsexual patients [40, 41].

Biological data support an association as well: in vitro

studies have shown proliferation of meningioma cells with

exposure to estradiol or progesterone [10]. Estrogen and

progesterone receptors have been shown to be expressed in

meningioma [8, 9]; however, the significance of these

findings is unclear.

The present meta-analysis showed an increased risk of

meningioma for current users of HRT in women, and the

association among past users was not as strong in our

study. It is conceivable that female hormone involves

increased tumor growth rates during the exposure period

(current use) and that the risk decreases with time after no

longer being a current user. However, it is still unclear how

hormones are involved in brain tumors from a mechanistic

standpoint.

Several limitations of this study should be considered.

First, significant heterogeneity was found across our main

analysis, which might have resulted from inconsistencies in

study designs, sample sizes, analysis strategies, and par-

ticipants’ baseline characteristics. For example, both case–

control studies and cohort studies are included in this meta-

analysis. Five of the six case–control studies involved in

our meta-analysis are population based [13–15, 17, 21],

and only one study is hospital based [12]. Meanwhile,

several studies with relatively small numbers of partici-

pants were included in the present meta-analysis [12–15],

which raised some concerns regarding the reliability of

their results. This heterogeneity reduced the statistical

power for detecting a possible association between HRT

use and meningioma. To address this, however, we used

Fig. 2 Forest plot for the

association between ever use of

hormone replacement therapy

(HRT) and risk of meningioma
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the random-effects model to determine the overall estimate

of variability.

Second, we could not obtain information on the main

confounders from most studies. One is a history of oral

contraceptive use, which may increase the hormone intake

in women. Only one study [19] examined whether the

association between HRT use and meningioma was mod-

ified by oral contraceptive use. Among the enrolled studies,

most of the them adjusted for age, four studies adjusted for

education [12, 14, 15, 19], three studies adjusted for BMI

Fig. 3 Forest plot for the

association between a current

use and b past use of HRT and

risk of meningioma
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[11, 18, 19], and one study did not adjusted for con-

founding factors [13]. Therefore, our results should be

considered with some caution because of the potential

confounding.

A third limitation was the different methods to assess the

participants’ history of HRT use. Assessment instruments

to get information of HRT exposure consisted of interview

[12, 14, 15, 17] and questionnaires [11, 13, 18, 19, 21].

With different methods, the participants may have different

attitudes and may not understand the questions in an

identical way. All these could affect the accuracy of the

data collection. Besides, the dose of HRT use varied across

studies and participants. Therefore, our findings should be

considered with some caution because of different assess-

ment methods and dosage of HRT use.

Finally, potential publication bias might influence the

findings. The Begg’s test indicated no publication bias, but

the Egger’s tests showed a possible publication bias for

these studies. Our relatively strict inclusion criteria might

have introduced selection bias.

In summary, this meta-analysis is suggestive of an ele-

vated risk of meningioma among ever and current use of

HRT in women. In contrast, past use of HRT was not

associated with the risk of meningioma. However, con-

sidering the limitations of our meta-analysis, our results

should be interpreted with caution. Further study is needed

to confirm our findings and to explore the underlying

mechanisms and elucidate the causal pathways that link

female hormone with meningioma.
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