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A B S T R A C T

Objectives: To systematically review the evidence on the association between age at natural menopause (NM)
and reproductive factors such as age at menarche, parity and ever use of oral contraceptives.
Study design: A literature search was carried out in PubMed, Scielo, Scopus and LILACS databases, without
restriction of publication year until July 6, 2017. We excluded clinical trials, case-control studies, case reports
and studies using statistical methods other than Cox proportional hazard models to assess the factors associated
with age at NM. Cross-sectional studies evaluating women aged<50 years were also excluded. Random-effects
models were used to pool the estimates. We registered the systematic review in the International Prospective
Register of Systematic Review (PROSPERO) in August 2018, CRD42018099105.
Results: We identified 30 articles to include in the meta-analysis. We found that previous ever use of oral
contraceptives (OC) (HR=0.87, CI= 0.82, 0.93), age at menarche ≥13 years (HR=0.90, CI= 0.84, 0.96),
and having at least one live birth (HR=0.79, CI= 0.74, 0.85) were associated with a later age of NM.
Conclusions: Despite differences in results between countries and study design, our findings suggest that previous
use of OC, age at menarche ≥13 and having at least one live birth are associated with later menopause. The
results suggest that these factors could be markers of later ovarian aging.

1. Introduction

Natural menopause is defined as amenorrhea for at least 12 months
after the last menstrual period without pathologic or surgical causes
[1]. It is common to categorize age at natural menopause into pre-
mature (under 40 years) [2], early menopause (between 40 and 44
years) [3], normal menopause (usually between 45 and 55 years) [4]
and late menopause (over 55 years) [5]. Premature and early meno-
pause have been shown to increase all-cause mortality [6,7], while later
menopause has been associated with higher life expectancy [5] and also
with adverse health outcomes such as an increased risk of breast cancer
[8]. Different factors have been associated with the age at presentation
of menopause: while smoking and underweight are associated with
earlier menopause [9,10], high education is related to later menopause
[11]. In addition, there are a few international studies that found as-
sociations of age at natural menopause with reproductive factors such
as menarche, parity [12] and use of oral contraceptives [13]. A better
managements of determinants affecting age at menopause could

prevent adverse outcomes in women's health.
To our knowledge there are no pooled analyzes that summarize the

evidence on the association of reproductive factors with age at natural
menopause. In this study, we carried out a systematic review and meta-
analysis on the associations of age at menarche, parity and ever use of
oral contraceptives with age at NM.

2. Methods

We conducted this review according to the guidelines of PRISMA
[14] and Meta-analysis of Observational Studies in Epidemiology [15].

2.1. Study selection and eligibility criteria

We performed the literature review in Pubmed, Scielo, Scopus and
LILACS databases. We collect all the articles indexed in the databases
without restriction of year of publication until the last day of our
search, July 6, 2017. Two reviewers performed separately the literature
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search, using the following terms: “reproductive factors”, “menarche”,
“parity”, “oral contraceptives” and “menopause”. There was no lan-
guage restriction (More details in S1 file). We included observational
studies; cohorts and cross-sectional studies providing complete in-
formation (effect estimated in HR, IC and p value) that analyzed the
association of age at natural menopause (as continuous variable) with
age at menarche, parity or ever use of oral contraceptives, using the Cox
proportional hazards model.

We excluded clinical trials, case reports, case-control, letters to the
editor, guidelines, reviews and articles whose full text was not available
(i.e. usually much older studies or conference abstracts). In addition, we
excluded studies with age at natural menopause categorized as pre-
mature, early and later; or any other categorization such as using the
median age as a cut off point for early and later menopause. Studies that
compared women with natural and surgical menopause or pre-meno-
pausal versus menopausal status were also excluded. In addition, we
excluded cross-sectional studies with only women under 50 years at
study entry because they did not include the total age range considered
as normal (45–55 years).

2.2. Data extraction and assessment of quality

Two investigators (ARL and CFN) analyzed the titles and abstracts
independently, then also extracted the data and evaluated the studies
independently. Six studies [16–21] did not provide all the information
on the menopausal status or the associated factors that were evaluated.
We contacted the authors via email, and three provided the requested
information, and another [17] offered the possibility to re-run the
statistical analysis again, however due to waiting time we decided to
use only available data.

For assessment of the quality of the studies, we used the Newcastle-
Ottawa Scale (NOS) for cohort studies [22]. For cross-sectional studies,
we used the adapted NOS [23]. The final scores of the studies are
presented in S2 file. We categorized the cut off points of the studies into
low, moderate and high quality. For cohort studies, we categorized low
as ≤3, moderate as 4–6 and high as ≥7, and for cross-sectional, low
(≤4), moderate (5–7) and high (≥8) [24]. Publication bias was tested
using Egger´s test and Begg’s test [7].

2.3. Statistical analysis

We used Stata 13.0 in the data analysis and the hazard ratios (HR)
were pooled using a random effects models. The results were stratified
by study design. Heterogeneity between the studies was measured using
Cochran´s Q test and I2. We considered the cuts off points of I2 sug-
gested by Higgings et al. [25], i.e. categorized into no heterogeneity
(0%), low (<25%), moderate (25–75%) and high (> 75%). In addi-
tion, we conducted subanalysis for the associations of OC, age at me-
narche and parity according to sample size; small (< 1000 women),
medium (<5000 women) and large studies (≥5000 women).

3. Results

Fig. 1 shows the study selection flow chart. In the literature search,
we identified 27790 articles, 11936 from PubMed, 15487 from EM-
BASE and 367 from LILACS. After removing 6839 duplicated articles,
20951 were reviewed, of which we excluded 20860 due to not in-
cluding a relevant exposure (n= 18665) or the relevant outcome
(n=597), and 1598 that were clinical trials, case-control, case reports,
guidelines and reviews, or articles not fully available. Of the remaining
91 articles, we further excluded 61 articles: 19 articles that included
only postmenopausal women without a comparison group, 2 articles
that compared natural menopause with surgical menopause, 7 articles
that did not evaluate any of our variables of interest, 7 studies that did
not use Cox proportional hazard models, 1 study with variables of our
inclusion, but that did not add Cox regression model, 1 study where the

results were not expressed in HR with their respective CI, 1 article that
included only women under 50 years at study entry, 1 article that
evaluated women with natural and surgical menopause, 4 articles that
analyzed the same population (the results of one of the articles had
already been included), 1 article that presented the results stratified by
smoking, 1 article that was a meta-analysis, and 14 articles that cate-
gorized age at menopause (S3 presents the details of the exclusions),
leading to a final total of 31 articles [13,16–21,26–49]. We further
excluded 1 study where the categorization of the variable parity could
not be included in any analysis [21], leading to a total of 13 cohort
studies [13,18,26–36] and 17 cross-sectional studies
[16,17,19,20,37–49] for our quantitative analysis (n= 30). One cohort
study was re-categorized and evaluated as cross-sectional because of the
very short time between the waves [48].

The characteristics of the selected studies are presented in Table 1.
The studies were published between 1997 and 2015. In total, 646,458
women were included in our analysis. Most of the studies considered
age at natural menopause according to the World Health Organization
(WHO) definition, i.e, the absence of menstruation for at least 12
consecutive months [4]. However, there were two studies that con-
sidered menopausal status as> 6 months [16,36], three studies with no

Fig. 1. PRISMA Flow Diagram.
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explicit definition of natural menopause [17,18,46] and one study
without a specific time for natural menopause [48]. The characteristics
of the studies according to control for confounding factors are presented
in S4. Of all the selected articles, there was only one that we had to use
crude results in order to be able to include the variables of interest [13].

3.1. Oral contraceptives and onset of natural menopause

For the oral contraceptive analysis, we included 17 studies: 7 co-
horts and 10 cross-sectional, resulting in 337,833 women analyzed
(Fig. 2). We observed a moderate heterogeneity between the studies
(I2= 66.4%, p < 0.001), and women who ever used OC had later age
at NM (HR=0.87, 95%CI=0.82, 0.93). In the analysis stratified by
study design, we did not find significant heterogeneity for cohorts
studies (I2= 0%, p= 0.45) and found that women who ever used OC
before reaching menopause had later age at NM (HR=0.87, 95%
CI= 0.83, 0.91). Regarding cross-sectional studies, there was a statis-
tically significant heterogeneity between studies (75.1%). However, the
pooled HR was similar to the pooled HR obtained for all studies, as
women with OC had later age at NM compared to women with no use of
OC (HR=0.87, 95% CI= 0.76, 0.98). Results of the subanalysis show
that smaller studies had greater heterogeneity and the decreased risk of
earlier NM was not statically significant (I2= 80.9%, p < 0.001;
HR=0.85, 95% CI= 0.63,1.13), while medium studies had low het-
erogeneity compared to larger studies, i.e. medium (I2= 17.2%,
p=0.30; HR=0.89, 95% CI=0.81,0.97) and large (I2= 69.4%,
p=0.011; HR=0.88, 95% CI= 0.82,0.95).

3.2. Age at menarche and onset of natural menopause

For age at menarche, we included 9 studies: 4 cohort and 5 cross-
sectional studies. In total 232,010 women were analyzed. We excluded
from this analysis studies in which age at menarche< 13 years old was
not included as reference [18,27,37,41,45,48].

Fig. 3 shows that there was moderate heterogeneity between studies
(I2= 38.7%, p= 0.11), and women with age at menarche at 13 years
or more had later age at NM (HR=0.90, 95%CI=0.84, 0.96). We
performed a subanalysis using age at menarche as a continuous vari-
able. There were four studies [31,43,44,49]; one cohort [31] and three
cross-sectional studies [43,44,49], with moderate heterogeneity be-
tween the studies (I2= 60.5%, p= 0.05) and age at menopause was
negatively associated with age at menarche (HR=0.95), but the con-
fidence interval barely included the reference (95% CI=0.90,1.00).
According to sample size, from larger to smaller studies, there is a trend
of decreased risk of earlier NM, despite not being statically significant
in medium and small studies; 9% (HR=0.91, 95% CI=0.88,0.95),
13% (HR=0.87, 95% CI= 0.71,1.06) and 22% (HR=0.78, 95%
CI= 0.56,1.08) respectively.

3.3. Parity and onset of natural menopause

Regarding parity, we included 19 studies: 9 cohorts and 10 cross-
sectional studies. Four studies were excluded because nulliparous
women were not considered as the reference [21,30,31,43], and two
studies that did not consider parity as number of live births [16,38].
The results for parity are presented in Fig. 4. There was a high het-
erogeneity between the studies (I2= 76.8%, p < 0.001), and parous
women had later age at NM (HR=0.79, 95% CI=0.74, 0.85).

Only two cross-sectional studies presented parity as continuous
variable [44,49], and we did not observe any association between the
number of births and age at NM (HR=1.18, 95% CI=0.89,1.55).
Similar to OC and menarche, there is a tendency of decreased risk of
earlier NM according to sample size, for small studies (HR=0.60, 95%
CI= 0.50,0.73), medium (HR=0.80, 95% CI=0.73,0.88) and large
studies (HR=0.86, 95% CI=0.84,0.88).Ta
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3.4. Publication bias

Regarding publication bias, we observed that for parity the Egger’s
test was statistically significant (p < 0.05), whereas for the OCs ex-
posure we did not observe any evidence of bias.

4. Discussion

In this meta-analysis, we observed that the ever use of oral con-
traceptives (OC), age at menarche ≥ 13 years and having one or more
live births were associated with later age at natural menopause.
Regarding OC, this is the first meta-analysis to summarize its associa-
tion with age at NM. For the other two factors, while there is a previous
meta-analysis that analyzed the association of nulliparous and early
menarche with premature and early menopause [12], it was solely
based on nine studies included in the International collaboration for a
Life course Approach to reproductive health and Chronic disease Events
(InterLACE). In 2011, a previous systematic review [50] found an as-
sociation between OC and later menopause, but a quantitative analysis
was not performed due to inconsistency among the included studies.

Although there was heterogeneity among the studies, our results
were similar for cohort and cross-sectional studies, regardless of the
country of origin, sample size and adjustment factors. We included 17
studies evaluating the association of OCs and age at natural menopause:
7 studies found a significant association between OCs and later meno-
pause, 5 studies found that this association was not significant and 4
studies showed an inverse relationship, however none was significant.

Even though studies have frequently shown an association of oral
contraceptives with later NM, there are few that aim to explain its
physiological pathways. Menopausal transition is characterized by high
serum levels of follicle stimulating hormone (FSH) [51]. Vries et al.
[34] found that OCs suppress the levels of FSH, delaying age at me-
nopause. Another hypothesis is the incessant ovulation, the same pro-
posed to explain an increased risk of earlier NM in nulliparous women.
According to this theory, OCs suppress ovulation, increasing the “sur-
vival time” of the follicles in the ovaries, delaying natural menopause
[52]. However, this is still controversial since almost all follicles are lost
by atresia rather than ovulation.

In the analysis of age at menarche and menopause, all studies found
an association to later menopause, however in 5 studies the association
was not significant. Women with age at menarche at 13 or more years
had later age at NM compared to women with age at menarche at ≤12
years. Most studies included age at menarche ≥14 years. Therefore, we
performed a subanalysis including just those studies with two studies
whose reference was< 14 years, finding that they also presented ear-
lier age at NM (HR=0.89, 95% CI= 0.86, 0.93), with low hetero-
geneity among 9 studies (I2= 18.4%, p= 0.28) (data not shown). In
addition, a recent study found that age at menarche over 15 years
slightly decreased the risk of NM between 1 and 5%, however the same
study found that the reproductive period, i.e. the time between me-
narche and menopause, was 9 times higher in women with age at
menarche ≤9 years compared to age at menarche ≥17 years [53].
Since age at menarche is highly influenced by genetics, prenatal, ma-
ternal and childhood characteristics [54,55], it is difficult to establish a

Fig. 2. Hazard ratios (HRs) with 95% confidence intervals (CIs) for age of natural menopause and use of Oral Contraceptives (OC) stratified by study design.
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linear relation between age at menarche and NM.
Regarding parity, parous women had later age at NM. The me-

chanism of which parity could reduce the risk of earlier NM is thought
to be the same as previously mentioned for OC, with both decreasing
ovulatory cycles and delaying menopause [34,52].

This study has a few strengths and limitations. Our strengths are the
population size (n= 646.458), the largest overall study to our knowl-
edge to analyze the association of reproductive factors with age at NM.
Second, we included studies published worldwide, with no language
restriction, while most meta-analyzes include only studies in English.

Regarding the limitations, retrospective studies that analyze age at
menopause may be prone to recall bias. The more time women spend
being consulted about their menopausal age, the less chance they have
of remembering their exact date, especially in older individuals.
Women tend to refer numbers for age at NM that are easy to remember,
so they tend to decrease or slightly increase their age by remembering
the whole year closer to their real age of menopause. For example,
when the real age of menopause is 48 years, she may refer menopause
age at 50 [56]. Similarly, a recall bias may occur at age at menarche,
especially given the very long that has passed. All the studies included
used self-reported age at menarche and not status quo method or pro-
spective recall. Therefore, the results for the association of age at me-
narche and menopause should be analyzed with caution.

We could not analyze the length of OC use. Of all the articles in-
cluded, there were four studies that analyzed it (26,32,34,44).
However, these four studies categorized the length of OC differently,
making it difficult to include their results in a pooled-HR. In addition,
there were two studies that collected this information but did not use it
(37–38).

For OC analysis, 42% of the heterogeneity can be attributed to the
inclusion of small studies (sample size less than 1000 women)
[19,27,46,47,49] and the inclusion of studies with inverse association
(earlier age at menopause) between OC and age at natural menopause
[19,20,30,49]. Finally, in parity analysis, 48% of the heterogeneity was
explained by small studies [19,27,32,40,46], country classification
(developed versus developing countries) [27,39,42] and population at
risk [27,32].

We had strict exclusion criteria to avoid tendentious results. We
excluded case-control studies because women who are controls may
become cases if our outcome is natural menopause, and all studies
where statistical analysis was not Cox proportional hazard models. In
addition, we excluded one cross-sectional study with postmenopausal
women under 50 years of age at menopause that were not followed in
time, because these left out the normal age range considered by the
WHO as a natural menopause (45–55), which could bias the results
towards an earlier menopause.

Our findings may have an influence in the reproductive life of
women. If the use of OCs delays menopause, fertility would also be
prolonged. Currently, there is a tendency to delay motherhood and
many women choose eggs freezing as an option. However, this proce-
dure has associated risks such as ovarian hyperstimulation syndrome. In
addition, the cost of egg preservation is high, not being an accessible
method for all women [57], so the OCs is currently the widely used
method to avoid pregnancy.

In conclusion, our results bring new knowledge to the discussion
about the association of reproductive factors with age at natural me-
nopause. This is expected to be a growing epidemiologic area of interest
for the near future as women spend increasingly more postmenopausal
time in their lives.

Fig. 3. Hazard ratios (HRs) with 95% confidence intervals (CIs) for onset of natural menopause and age at menarche at 13 or more years.
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