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ABSTRACT

Background Early menarche is reported with the risk of endometriosis (EMS) with
varying conclusions.

Objective To assess the association between menarche age and EMS risk.

Search strategy PubMed, Medline and Embase were searched using “endometriosis”,
“early menarche” , “EMS”, “menarche age”, and “early menstrual characteristics”.
Selection criteria Articles that reported the EMS risk in early menarche from Jan
2000 to May 2020 were included. Studies without control group, and lack of data of
menarche age were excluded.

Data collection and analysis EMS risks in these articles were collected and analysed
through in random effects meta-analysis. In addition, subgroup analyses and
meta-regressionwere were also performed.

Main results A total of 16 studies (8913 EMS cases and 876477 controls) were
included in the meta-analysis. The pooled risk of EMS in early menarche (<12 years)
was 1.34 (95% CI: 1.16-1.54), with statistically significant heterogeneity across the
studies (I’=72.0%). Stratified analysis showed that the risks of EMS by earlier
menarche was increased in studies started after 2000, and in developing area, which
was further confirmed by meta-regression analysis. In addition, higher quality in
assessment of the exposure (menarche age) and control of potential confounders can
elimenate heterogeneity.

Conclusions The earlier age of menarche is a major risk factor of EMS, and its risk
has an increasing trend in recent years and in developing countries. Large-scale
studies in different ethnic groups are warranted.

Funding: This research received no external funding.

Keywords: Endometriosis, early menarche, meta-analysis, risk factor

Tweetable abstract: The risk of EMS early menarche increases in recent years and in

developing countries.
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Introduction

Endometriosis (EMS) is a common gynecological disease that causes infertility': 30%
to 50% of women with EMS are infertile> 3. The prevalence of EMS in women of
reproductive age is about 10%* EMS can also cause pelvic pain, dysmenorrhea,
menorrhagia and difficulty in sexual intercourse? 3. In addition, it increases the risk of
pregnancy complications?®. Moreover, EMS is prone to recurrence. After conservative
treatment, the recurrence rate of EMS can reach 25 to 50%°. Therefore, EMS is an
important infertile disease to address.

The pathogenesis of EMS is still unclear. Stem cell transplantation, abnormalities
in hormone metabolism and other mechanisms are thought as the causes of EMS” 8,
Moreover, many risk factors of EMS have been reported, including age, race, body
weight, drinking, smoking, and abnormal menstruation®!!. Especially, early menarche
(defined as <11 years old '?) is a pivotal factor of EMS risk, which supports the
potential role of abnormal hormone secretion and endometrial stem cell
transplantation in the pathogenesis of EMS'?: it increases the hormone exposure in the
whole life cycle of a women'?, and longer exposure to estrogens could mediate
cellular growth and differentiation in the ectopic endometrial tissue'4. Moreover, early
menarche also plays a pivotal role in the outcome of EMS, such as pregnancy
complications'3.

Nnoaham et al have performed a meta-analysis to review 18 case-control studies
published from 1980 to 2011 to evaluate early menarche and the risk of EMS, and
found that there is a small increased risk of EMS with early menarche!>. To date, a
number of cohort studies have analyzed the association between early menarche and
the risk of EMS, with varying conclusions. However, the results of these cohort
studies were not systematically reviewed. Moreover, the age at menarche decreased
significantly in adolescents born in recent years in some countries, as a result of the
improvement of the socioeconomic conditions'> !¢, Therefore, the association of early
menarche and EMS risk in recent years might be a little change to the previous
meta-analysis'®>. We hypothesized that the estimated risk of EMS in early menarche

are affected by different types of study (ie, cohort study vs. case-control study) and
3
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different time. Herein, we conducted a meta-analysis to quantitatively assess the
association of early age at menarche (<12 years old) and risk of endometriosis, and
combines results by including both cohort studies and case-control studies published

after 2000, including all populations.

Materials and Methods

Identification and Selection of Articles

This study is systematic review and meta-analysis of published literatures comparing
the menarche age of women with and without EMS. It was conducted in accordance
with the reporting guidelines and checklist of criteria set in Preferred Reporting Items
for Systematic Review (PRISMA)!” and Meta-analyses of Observational Studies

(MOOSE)'®.

Data Sources

Based on the PubMed, Medline and Embase databases from January 2000 to May
2020 (available data until June 1% 2020), two systematically trained authors (ML and
XN) were responsible for extracting data from the eligible articles. (ML and XN)
blindedly searched the literatures published in English. Medical Subject Headings
(MESH) terms for “endometriosis” and “early menarche” and relevant search
keywords, such as “EMS”, “menarche age”, and “early menstrual characteristics”,
were used. All published literatures (both case-control and cohort studies) analyzed
the relationship between the early menarche age and the risk of EMS were included.
In addition, we manually search the references of these published articles for

secondary Sources.

Inclusion criteria

To analyze the association between the early menarche and EMS risk, the included
studies must: 1) cases, at least part of some randomly selected cases, were confirmed
by laparoscopy or surgery, 2) included the control group and clearly described the

selection criteria of controls, 3) have examined the relationship between the risk of
4
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EMS and menarche. We excluded studies with the following characteristics: 1)
Conference abstract and unpublished results, 2)without controls, 3) no enough data of
menarche age (even cannot get the data after contacting with the authors), 4) very

small population (<50 subjects), 4) duplicate studies.

Data Collection

An investigator (JN) reviewed all the titles. According to the inclusion criteria, two
blind investigators (ML and BL), who reviewed and analyzed the quality of abstracts
of all the retrieved literatures. The investigators discussed their differences on the
retrieved data. All disputes were resolved through discussion with the third
investigators (JN).

The following information was extracted and collected: the first author's name,
year of study started and publication, type of study, investigated area, number of
exposed/unexposed people or cases/controls, statistical methods, adjustment and
stratification factors, response rates, the timing of diagnosis of DM relative to that of
TB, and the potential duplication of data on the same individuals. Above informations
were needed to analyze the estimated risk of EMS by early menarche and its possible

bias.

Exposure
Early menarche is usually defined as age at menarche < 12 years old'?. In this review,

only studies with this definition of early menarche were included.

Quality Assessment
The quality of studies was assessed by the Newcastle-Ottawa scale (NOS)

(http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp), a validated scale for

assessing the quality of observational and non-randomized studies in meta-analyses.
The scale graded the study according to participant selection, the comparability of the
study group and the exposure assessment. Because the risk of EMS did not

significantly vary with quality scores (P=0.377, Figure S1), all of 16 selected studies
5
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were included for further analyses.

Statistical Analysis

The meta-analysis was performed using statistical software STATA 16.0 (StataCorp).
All results were expressed as relative risk of EMS with early menarche (odd ratio; OR
for case-control studies, or hazard ratio; HR for cohort studies) and 95% confidence
intervals (CI). We qualified heterogeneity between studies with the F° statistics.
Because of high heterogeneity of included studies, the EMS risk was used in random
effects meta-analysis by using Stata program. Considering the potential confounding
factors such as population and research characteristics, we further conducted
subgroup analyses by the study area (Developed vs. Developing), study type (Cohort
vs. Case-control), study start years (Before vs. After 2000), and study quality (NOS
Score >5 vs. Score<:5).

Furthermore, meta-regression was used to analyze the effect of the confounding
factors, such as the study area, type, start years, and quality, on the association
between age of menarche and the risk of EMS.

In addition, publication bias was represented by a funnel plot and analyzed by
Begg’s test and Egger’s test. In order to evaluate the stability of the results and the
possible bias, we conducted a sensitivity analysis of the literatures. Moreover,
statistics of OR/HR and I? were performed in those studies with high quality in
assessment of the exposure (menarche age) and control of potential confounders, to

further specify assessments of risk of bias that may affect the cumulative evidence.

Results

Included Studies

According to the search strategy, 416 studies were selected. Figure 1 showed the
study selection process: 298 duplicate articles were deleted and 71 articles were
excluded by systematically checking the title and abstract of the articles. In addition,
the reasons for the deletion of the other 34 articles included: 1) no controls (n=4), 2)

very small population (<50 subjects) (n=1), 3) duplicate studies (n=8), 4) no enough
6
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data (n=21), However, we sent e-mails to the authors of articles which had not enough
data for help with raw data on menarche age. Finally, one author answered our
questions enthusiastically. But their data had been updated and some of the data were
out of line with our inclusion criteria. For the accuracy of this study, we had to leave
out the relevant data regretfully. In the database search, 13 studies fulfilled the
predefined entry criteria. Other 3 studies were identified from a reference list search.
Finally, 16 studies were elected for inclusion in the meta-analysis.

The extracted informations of 16 included studies shown in Table S1. The studies
published between 2004 and 2019 involved 8913 cases of EMS and 876477 controls.
There were 8 studies with the starting year before 2000. These studies were conducted
in Germany (n=1)", Iran (n=2)?" 2!, France (n=1)??, Egypt (n=1)>, Sweden (n=1)%*,
Australia (n=1)%, Canada (n=1)%%, and the USA (n=8)* 2733, There were 9 case-control
studies and 7 cohort studies, with 4 case-control studies (*°,2%,%3,%%) included in the

previous meta-analysis'>.

Quality Assessment
For the 16 studies included, the NOS score ranged from 3 to 7 (5.88 &= 1.05). The
details of the NOS for each study are shown in Table S2.

In 9 included case-control studies, the selection of subjects varied greatly: We
determined the diagnostic accuracy of included studies according to the Quality
Assessment of Studies of Diagnostic Accuracy included in Systematic Reviews
(QUADAS)**, most of studies carefully selected cases confirmed by laparoscopy or
surgery. However, only 200 randomly selected cases were confirmed in two
studies?*,?>. In three included studies®’,?3,’’, cases were well representative of source
populations in a defined catchment area or a defined hospital over a suitable period of
time, reducing the risk of selection bias. While in other case-control studies, the
catchment area was extensive?S, or time to recruitment was too long®’, or cases were
from a twin study?¥,?°. In addition, 4 studies?®,?3,%5,?* selected the controls from the
same community, while others recruited hospital controls who were either healthy'®,

or had diverse conditions such as minor unrelated disease??,2°, gynecological diseases

7
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needed surgery?!, and infertility’®. Apart from three studies!®,’3,?4, most studies

excluded previous EMS from the controls by laparoscopy, surgery or medical history.
The overall performance of the included case-control studies on comparability of
participants was very good, all of them adequately controlled for potential
confounders such as age, thereby enabling the comparability of the study groups.
Moreover, 7 of those studies further controlled the confounding effect of adult BMI,
and/or the history of menstruation and reproduction, except two studies?,’*. The
overall performance of the included studies on assessment of exposure was very bad.
Only Mollazadeh et al*® reported the ascertainment of exposure questions in
questionnaire. In addition, exposure ascertainment was only blinded in three studies:
one reported the method of blinding??, while the other two performed the interview

before the laparoscopy or surgery?$,’’. Moreover, only two studies reported the

non-respond rate of the subjects?4,?.

In most of 7 cohort studies, the representativeness of exposed individuals was not
from a general population, except one study ?’. Therefore, the overall performance of
representativeness of these cohort studies was not very good. However, the other 6
studies had a good quality in assessment of the exposure (age at menarche) by a
structured questionnaire. Moreover, 6 of these included cohort studies excluded
previous EMS at the start of study, except one study including the prevalent EMS 22,
The overall performance of the included cohort studies on comparability of
participants was very good: all, except Flores et al’’, adequately controlling for
potential confounders such as age, and/or BMI, the history of menstruation and
reproduction. For performance of the included cohort studies on outcomes of the
participants was comparatively good, most of them had a high quality on the
assessment of outcome (except Flores et al’’), and a time long enough (>5 years) for

follow-up (except two studies?’,”). However, only two studies??,*!' reported the losses

of the follow-up.

Overall meta-analysis

The risk of EMS by early menarche and its 95% CI in each study was also presented
8
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in Table S1. As shown in Figure 2, the overall risk of EMS (OR/HR) derived from
the 16 studies indicated a significant association between early menarche and risk of
EMS (OR/HR=1.34, 95% CI: 1.16-1.54). However, statistically significant
heterogeneity was observed (#=72.0%, P<0.001), and thus we further conducted
subgroup analyses based on study category, country and area, NOS score, and the

beginning year.

Subgroup analyses

As shown in Figure S2, stratification of the studies by the study countries showed
that the risk of EMS (OR/HR) for Europe and Oceania was 1.40 (I?=63.6%, 95% CI:
1.16-1.70), for North America was 1.14 (1?=72.0%, 95% CI: 0.92—-1.41), and for Asia
and Africa was 2.11 (/2=0, 95% CI: 1.55-2.87), respectively. Subgroup analysis by
the study area showed the risk of EMS in developing countries (/2=0, OR/HR=2.11,
95% CI: 1.55-2.87) is higher than that in developed countries (/2=70.6%, OR=1.25,
95% CI: 1.09-1.43) (Figure S3).

When stratification analysis was conducted by the type of studies, risk of EMS
increased in case-control studies (/*=81.4%, OR=1.54, 95% CI. 1.14-2.08),
compared to cohort studies (1=36.5%, HR=1.21, 95% CI: 1.08-1.35) (Figure S4).

In studies with NOS score>5, early menarche was correlated with the risk of
EMS (2=75.2%, OR/HR=1.25, 95% CI: 1.06—1.47); while this risk was increased in
those studies with NOS score < 5 (I?=42.7%, OR/HR=1.61, 95% CI: 1.23-2.11)
(Figure S5).

Stratified analysis was also conducted by the starting year. For studies began
before 2000 and after 2000, OR/HR were 1.13 (95% CI: 0.96—-1.35) and 1.62 (95% CI:
1.34-1.97), respectively (Figure S6).

Therefore, meta-regression analyses were performed based on the confounding
factors, such as categories of studies, country and area of studies, NOS score of
studies, and starting year of studies. As shown in Table 1, meta-regression analyses
suggested that increased risks of EMS with early menarche were seen in studies

which performed in developing area (N=3, n=1302, =1.710+0.446, t = 2.06, P =
9
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0.059), and those studies started after 2000 (N=8, n=32118, p=1.445+0.249, ¢t =
2.14, P=0.051). However, there was no significant association between the either of
the study type (Cohort study vs. Case-control study) or NOS score (>5 vs. <5)

associated with effects on EMS risk by early menarche (both P values > 0.1).

Publication Bias

Funnel plot graphically was used to evaluate the publication bias in meta-analyses?>.
In our study, little evidence for publication bias provided by visual inspection of
funnel plots, and Begg’s test showed no statistical evidence (Figure S7). To avoid the
limitations of funnel plot, statistical tests were also analyzed by Egger’s test*¢-3%,
However, Egger’s test did not identify statistical evidence for publication bias also

(Supplementary S8).

Sensitivity Analysis

The stability of the results was evaluated by sensitivity analysis. After removing any
study, the pooled risk of EMS (OR/HR) ranged from 1.30 (95% CI: 1.13-1.49) to 1.40
(95% CI: 1.22-1.60), indicating that our results were stable (Supplementary S9).
However, population characteristics and study designs may affect the stability of the
results', as shown in the subgroup analyses of study area, types, NOS scores, and the
beginning year in this study.

The ascertainment of exposure (age at menarche) varied greatly in 16 included
studies in this meta-analyses: only one of 9 included case-control studies validated the
exposure questions in the questionnaire; while for 7 included cohort studies, 6 of them
used a structured questionnaire to collect information on exposure. The pooled EMS
risk of these 7 studies with good quality on exposure ascertaining is close the overall
results (OR/HR=1.26, 95% CI: 1.10-1.46), with a decreased heterogeneity
(I’=59.4%); while other studies with poor quality on exposure ascertaining had an
increased pooled risk of EMS (OR/HR=1.45, 95% CI: 1.08-1.94), with a higher
heterogeneity (17=79.3%) (Figure 3).

There were 3 of 16 included studies inadequately controlled for potential
10
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confounders. After removing these 3 studies, we got an increased pooled EMS risk
results (OR/HR=1.45, 95% CI: 1.25-1.62) with a decreased heterogeneity (7=62.3%),

compared to the overall 16 included studies (Figure S10).

Discussion

Main findings

In this meta-analysis, we observed that early menarche (<12 years) was significantly
associated with an EMS risk, and this risk increased in recent years and in developing
areas. There was a stable combined estimate of EMS risk across sensitivity analyses
in this meta-analysis. However, the quality in assessment of the exposure (early
menarche) and control of potential confounders can obviously eliminate

heterogeneity.

Interpretation

The exact etiology and pathogenesis of EMS are not clear yet. Genetic and
environmental factors seem to be involved®. However, Sampson's theory of
retrograde menstruation is still the most widely accepted*®’. Early menarche may be
due to earlier retrograde menstrual flow exposure, leading to increased pelvic
endometrial volume, increasing the risk of EMS*'. Thus, the inverse association
between age at menarche and the risk of EMS found in this meta-analysis was
biological plausible.

To our knowledge, only one previous meta-analysis of 18 case-control studies
published from 1980 to 2011 also reported that early menarche age increases the risk
of EMS'S. The strength of our meta-analysis was that it included the studies published
more recently, and also included 7 cohort studies. The pooled estimates of total 8089
cases and 874669 controls indicate that the risk of EMS increased by 1.34 times in
earlier menarche in this study. Although the data sources of our meta-analysis are
different from the previous published literature!®, we got the similar conclusion which
further confirms that early menarche increases the risk of EMS. Moreover, any

relevant asymmetry in either of the funnel plot, the Egger's test and Begg's test was
11
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not found in this study. Thus, publication bias is unlikely to have appreciably
modified the association between early menarche and EMS risk in our meta-analysis.
In addition, sensitivity analysis showed a stable combined estimate of EMS risk in
this meta-analysis. Together, our results of increased EMS risk by early menarche
were reliable.

However, in the stratified analysis based on regions, the risk of EMS in earlier
menarche had an increasing trend in developing countries. Studies have shown that
among girls in North America, black, Hispanic and low socioeconomic status children
mature earlier*?. The changing trend of menarche age in different countries may be
related to the improvement of social conditions, environmental changes, endocrine
disruptors and so on***, Our results implied a higher risk of EMS by early menarche
in developing countries, caused by a continuous changing environment. Because the
population of developing countries accounts for a large proportion of the whole world,
we should pay more attention to prevent the prevalence of infertility by EMS in these
countries. It will provide a valuable scientific basis for policy makers and public
health doctors.

We also found that the pooled estimate of EMS risk has increased in recent years.
The trend of early sexual maturity in girls continues, especially in recent 20 years '> 16,
resulting health problems by early menarche are more serious “¢. In this meta-analysis,
the stratification of the starting year revealed that the risk of EMS in earlier menarche
started after 2000 was higher than before 2000. Given our findings and above reports,
it implied that the incidence of EMS in young females will still increase in the future.
Our results attract the attention of policy makers and public health doctors to protect
the fertility of young women.

However, above results might be brought by the very few number of included

studies in each subgroup, especially in the subgroup of developing coutnries.

Strengths and limitations
In addition to above findings, this study also highlights the effects that inadequacies in

ascertainment of exposure can have particular effect to estimate the risk of EMS. In
12
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most of 16 included in this meta-analysis, the age at menarche was recalled by
participants, thus recall bias is inevitable. However, one included case-control study?°
collected information on exposure through a validated questionnaire, which can
eliminate the bias of case-control study*’. In addition, 6 of 7 included cohort studies in
this meta-analysis collected information on exposure through a structured
questionnaire predated symptom onset and diseases diagnoses. Therefore, these above
7 included studies with good quality in ascertainment of exposure might decrease the
bias. Our results suggested the importance of collecting information on recalling
exposure, such as age at menarche. For epidemiologists, our results have reference
significance for future studies in this topic.

Additionally, we found that the heterogeneity of our meta-analysis was obviously
decreased when removing 3 studies with poor quality on the performance of
participants’ comparability. Similarly, Nnoaham et al'> also found controlled more
rigorously for potential confounders can eliminate the heterogeneity of meta-analysis.
Some important potential confounders, such as age, race, socioeconomic status, adult
BMI, drinking, smoking, and abnormal menstruation confounds the relationship
between early age at menarche and EMS risk, being inversely related to both early
age at menarche and the risk of EMS”!! Our findings highlight the need for
well-designed studies incorporating collection of other confounder informations in the
study of early menarche and EMS risk. It is a useful reference for epidemiological
studies on infertile diseases.

Our meta-analysis has several limitations. First, our study did not evaluate the
effect of ethnic populations on earlier menarche age and risk of EMS. There may be
differences in menarche age*>° and incidence rate of EMS among different races®! 2,
This is due to the environment in different ethnic populations, which varies with
different living standards®®. However, most of the included studies in this
meta-analysis did not have sufficient information on racial classifications. Therefore,
we grouped the population according to the countries and areas, and minimize the
relevant bias as much as possible. Second, we just identified literature published in

English. Some high-quality studies published in other languages may be excluded. In
13
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addition, our study lacked geographical diversity, because we did not find any large
cohort studies on the relationship between menarche age and EMS in Asia or Africa in
the past 20 years. It is necessary to conduct extensive cohort studies in relevant
countries and more detailed stratified studies in order to make the results have high
confidence. Last, there were 21 studies with no enough data even after contacting the
author, which were excluded in this meta-analysis. Therefore, bias of estimated risk of

EMS by early menarche is inevitable.

Conclusion

Despite several limitations, earlier menarche age (<12 years) is one of the risk factors
of EMS. Furthermore, there were some increasing trends on EMS risk by early
menarche in recent years and in developing countries, which suggests more attention
should pay in disease prevention in developing countries and in young women.
Moreover, we found that higher quality in collecting informations on exposure and
potential confounders can eliminate heterogeneity, implying that the methods of
collecting exposure information (menarche age) is very pivotal for future study.
However, our results might be brought by the very few number of included studies in
each subgroup, especially in the subgroup of developing coutnries. Larger population

studies with high quality, especially in Asia and Africa, are warranted.
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Figure Captions
Figure 1: Flow diagram of included studies in this meta-analysis according to

Systematic Review and Meta-analyses (PRISMA).

Figure 2: Forest plot of 16 included studies evaluating association between early

menarche and endometriosis.

Figure 3: Forest plot of the association between early menarche and endometriosis in
studies with different quality on the ascertainment of exposure (age at menarche):
2(top), studies with poor quality on the ascertainment of exposure. 1(bottom), and

studies with higher quality on the ascertainment of exposure.
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Table 1. Meta-analyses of 16 included studies by the confounding factors.

Exp(B) Stand t P>lt] 95% CI P (%) Adjusted R’
Errors (%)
Begin year 1.445 0.249 2.14 0.051 0.999-2.090 64.17 45.00
(Before 2000 vs. After
2000)
Type of study 1.267 0.259 1.16 0.267 0.817-1.966 73.33 -0.54

(Cohort  study  wvs.

Case control study)

Area 1.710 0.446 2.06 0.059 0.977-2.993 65.91 39.97
(Developed area vs.

Developing area)

NOS score 0.922 0.082 -0.91 0.377 0.762-1.116 72.49 -4.34
(Score>5 vs. Score<5)

NOS, Newcastle-Ottawa scale. 95% CI, 95% confidence interval.
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Supplementary files:

Figure S1: Linear analysis between NOS score and log(OR) for 16 included studies. NOS, Newcastle-Ottawa scale. Circle size means the
reported OR and its 95% CI. Red Line and grey band means the predicted OR and its 95% CI.

Figure S2: Meta-analysis of included studies presented by the subgroups of study countries: Asia & Africa vs. Europe & Oceania vs. North
America.(E), Starting year: After 2000 vs. Before 2000.

Figure S3: Meta-analysis of included studies presented by the subgroups of study area: Developing vs. Developed.

Figure S4: Meta-analysis of included studies presented by the subgroups of study type: Case-control studies vs. Cohort studies.

Figure S5: Meta-analysis of included studies presented by the subgroups of NOS score: <5 vs. >5. NOS, Newcastle-Ottawa scale.

Figure S6: Meta-analysis of included studies presented by the subgroups of starting year: After 2000 vs. Before 2000.

Figure S7: Funnel plot of the publication bias in this meta-analyses. (A)Funnel plot with pseudo 95% CI of 16 included studies. (B), Begg’s
test for small-study effects.

Figure S8: Egger's test for 16 included studies in this meta-analysis.

Figure S9: Sensitivity analysis of 16 included studies in this meta-analysis.

Figure S10: Forest plot of the association between early menarche and endometriosis in 13 included studies, when removing 3 studies with
inadequately controlled for potential confounders.

Table S1: Summary and meta results of included 16 studies.
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Table S2: Quality of included studies using Newcastle-Ottawa scale.
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