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Abstract

Background

Although rates have declined, hysterectomy is still a frequent gynaecological procedure. To

date, there has been no systematic quantification of the relationships between early/mid-life

exposures and hysterectomy. We performed a systematic review and meta-analyses to

quantify the associations between age at menarche, education level, parity and

hysterectomy.

Methods

Eligible studies were identified by searches in PubMed and Embase through March 2015.

Study-specific estimates were summarised using random effects meta-analysis. Heteroge-

neity was explored using sub-group analysis and meta-regression.

Results

Thirty-two study populations were identified for inclusion in at least one meta-analysis.

Each year older at menarche was associated with lower risk of hysterectomy—summary

hazard ratio 0.86 (95% confidence interval: 0.78, 0.95; I2 = 0%); summary odds ratio 0.88

(95% confidence interval: 0.82, 0.94; I2 = 61%). Low education levels conferred a higher

risk of hysterectomy in the lowest versus highest level meta-analysis (summary hazard ratio

1.87 (95% confidence interval: 1.25, 2.80; I2 = 86%), summary odds ratio 1.51 (95% confi-

dence interval: 1.35, 1.69; I2 = 90%)) and dose-response meta-analysis (summary odds

ratio 1.17 (95% confidence interval: 1.12, 1.23; I2 = 85%) per each level lower of education).

Sub-group analysis showed that the birth cohort category of study participants, the refer-

ence category used for level of education, the year the included article was published, qual-

ity of the study (as assessed by the authors) and control for the key variables accounted for

the high heterogeneity between studies in the education level meta-analyses. In the meta-

analyses of studies of parity and hysterectomy the results were not statistically significant.
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Conclusions

The present meta-analyses suggest that the early life factors of age at menarche and lower

education level are associated with hysterectomy, although this evidence should be inter-

preted with some caution due to variance across the included studies.

Introduction
Hysterectomy continues to be one of the most frequent gynaecological procedures performed
in more economically developed countries [1, 2] and has been associated with lower quality of
life [3, 4] and poorer health outcomes [5–7]. Approximately 20–45% of women in these coun-
tries will have a hysterectomy by the time they are between 60–70 years of age [8–10], with the
majority performed for benign indications such as uterine fibroids, dysfunctional uterine
bleeding, prolapse and endometriosis [2].

With such high prevalence, it is important to understand the exposures that occur in earlier
life that might predict the risk of hysterectomy to alert practitioners of the need to proactively
monitor these women for the benign indications of hysterectomy and implement appropriate
treatment pathways. Lower socio-economic status (SES), particularly lower levels of education,
have been associated with a higher risk of hysterectomy, however, this varies by geographic
location [11, 12], ethnicity [13–15] and birth cohort [16]. The associations between a range of
reproductive factors and hysterectomy have also been studied. In general, an earlier age at men-
arche [17–19] and age at first birth [18, 20] have been associated with an increased risk of hys-
terectomy; while the associations with other adult reproductive factors such as parity [18, 21]
and number of miscarriages [19, 22] are less clear.

To date however, there has been no systematic quantification of the relationships between
these early/mid-life exposures and hysterectomy. The aim of our study therefore was to system-
atically review and quantify the evidence from observational studies, through meta-analysis, on
the relationship between SES and reproductive factors and hysterectomy.

Materials and Methods
The systematic review and meta-analyses were done in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses (PRISMA) Guidelines [23, 24]. An official
protocol, however, was not published or registered, although the strategy for this review was
discussed and agreed. The clinical question posed was: what is the relationship between SES
and reproductive factors and hysterectomy. Meta-analysis was possible for three exposures: age
at menarche, level of education and parity.

Search Strategy
We conducted three separate systematic searches in Embase and PubMed: 1) age at menarche,
2) SES, and 3) adult reproductive factors and hysterectomy. The databases were searched for
records from inception until March 2015. Full details of the three search strategies are available
online in S1 File: Search Strategy. For all searches we used both Medical Subject Headings
(MeSH terms) and text words in PubMed, and Emtree terms and text words in Embase. No
language or publication data restrictions were imposed. Reference lists of articles were checked
for additional articles.
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Study selection
One investigator (L.W.) did the initial screen of titles and the abstracts of articles identified
through the initial screening process. Two investigators (L.W. and G.M.) independently
reviewed the full text of potentially relevant articles for final inclusion, with any disagreement
resolved through discussions.

Articles were eligible for inclusion if they 1) reported measures of association and 95% con-
fidence intervals (CI) (or the raw data to calculate these) for associations between any SES fac-
tor, age at menarche or adult reproductive factor and hysterectomy, and 2) had population-
based samples or cohorts. Studies that focused on population sub-groups (e.g. veterans), or
used hospital-based controls, were excluded.

We also contacted several authors [17, 20, 25] for additional information or results. All
responded; with two [20, 25] able to provide some or all of the requested information.

Quality evaluation
Study quality was assessed independently by L.W. and G.M. using the Newcastle-Ottawa Scale
for cohort studies. The scale includes 9 items under three categories: selection, comparability
and outcome. Three of the items were not relevant to assessment of cross-sectional studies
(outcome not present at start of study, sufficient follow-up for outcome to occur, and adequacy
of cohort follow-up). Unique scales were developed for each review as elements of the selection
and comparability sections are exposure specific (available online in S2 File: Quality Assess-
ment Scales).

Data extraction
Data was extracted by L.W. and independently checked by G.M. for accuracy and complete-
ness. Any disagreements were resolved through discussion. For each study we extracted: first
author, year of publication, country of study, study design, study description, survey/baseline
year, length of follow-up (cohort studies only), age group of sample (from which we derived
the birth cohort of the sample), prevalence of hysterectomy in sample, outcome/comparator
groups, measures of association (for the relevant exposure variables) and the covariates used in
the model.

Statistical analysis
For all meta-analyses, measures of association were summarised using a random-effects model
due to the variability in characteristics between studies. The majority of studies reported either
hazard ratios (HR) or odds ratios (OR). We summarised these two types of measures in sepa-
rate meta-analyses. When articles reported measures of association with different covariates,
the most fully-adjusted model was included in the meta-analysis.

Lowest versus Highest Education Level. We conducted meta-analyses on all eligible stud-
ies, and also those that only reported adjusted results. If the reference category in the published
study was the lowest education level, the inverse of the HR/OR, and the upper and lower confi-
dence intervals, were calculated for inclusion.

Dose-response meta-analyses. Studies were eligible for inclusion if they reported a dose-
response association or categorical variable with at least three exposure levels. Dose-response
measures of association were calculated for each study assuming a log-linear relationship
between the exposure and hysterectomy. For the education meta-analysis, the lowest education
level category had to be equivalent to “high school or less” and the highest education level cate-
gory equivalent to “university/college degree or higher”. Highest education level was used as

Age at Menarche Education Parity and Hysterectomy: Three Meta-Analyses

PLOS ONE | DOI:10.1371/journal.pone.0151398 March 10, 2016 3 / 25



the reference category. Where the lowest education level was used as the reference category, the
inverse of the calculated dose-response effect estimates and 95% confidence intervals were
used. The HR/OR for a one category change in education level was assumed to approximate
the HR/OR for one level lower in education.

For age at menarche, the HR/OR for a one category increase was assumed to approximate a
per year increase in age at menarche; while for parity, this approximated the HR/OR for a per
child increase (with no children as the reference category).

Exploration of heterogeneity. Between-study heterogeneity was assessed using the chi2

(Cochrane Q) and I2 statistics. We considered I2 values of 25%, 50% and 75% as cut-off points
for evidence of low, moderate and high heterogeneity respectively [26]. Meta-regression and
sub-group analyses were undertaken for the level of education meta-analyses if at least ten
studies were included [27]. For the age at menarche and parity meta-analyses, where there
were too few studies for meta-regression, sensitivity analyses were conducted omitting each
study in turn to assess whether any single study contributed significantly to heterogeneity.

A priori study characteristics considered in our analysis of heterogeneity in the education
meta-analyses included: year of publication (before 2000; 2000 and later), study design (pro-
spective or cross-sectional), whether the definition of hysterectomy included, excluded or did
not specify women with malignant conditions, the region in which the study population was
selected (United States, Europe/United Kingdom, Australia/New Zealand, Asia), birth cohort
of the study population (pre-1945, baby-boomers (1945–1965), broad population cohort), and
cut-off for highest education level (high school, college/university degree, other). Post hoc, on
the basis of additional expert input, prevalence of hysterectomy, adjustment for key confound-
ing variables (identified through the quality assessment—see S2 File: Quality Assessment
Scales) and quality of study (see online S5 File: Quality Assessment) were also considered.

We first undertook univariable random-effects meta-regression to investigate the role of
each of the study characteristics described above on between-study heterogeneity. Where vari-
ables had more than one category overall effects were assessed (with 1000 permutations). Char-
acteristics with a p-value of�0.2 were included in the multivariable model [28, 29].

Publication bias was assessed when there were at least ten studies included in the meta-anal-
ysis[27]. This was done through visual inspection of a funnel plot and through formal assess-
ment undertaken by performing both Egger’s test and Begg and Mazumdar’s Rank Correlation
test.

All analyses were conducted in Stata version 12.1.

Results

Literature search
The numbers of identified and included articles and study populations are summarised in
Fig 1. Meta-analysis was possible for three exposures: age at menarche, level of education and
parity. For other SES variables (occupation, employment and income) and adult reproductive
factors (age at first birth, number of pregnancies and number of miscarriages) there were either
an insufficient number of studies and/or incomparable categories or populations for a meta-
analysis to be performed. Across the three searches, 4,102, 7,821 and 17,819 records were iden-
tified for age at menarche, SES and reproductive factors respectively. After excluding duplicates
and undertaking an initial screen of titles, 104 article abstracts were reviewed for age at menar-
che, 87 article abstracts for SES factors and 133 for reproductive factors. Across the three
searches there was overlap in the full-text articles identified for complete assessment. No non-
English language papers were eligible for inclusion. In total, the full-texts of 73 articles were
obtained. Of these, 29 articles [11–22, 25, 30–45] with results from 32 study populations
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contributed data to one or more meta-analysis. The age at menarche meta-analysis included
seven study populations [17–19, 30–32]; the lowest versus highest education meta-analysis
included 31 study populations [11–16, 20–22, 25, 30–45]; the dose-response education level
meta-analysis included ten study populations [14, 16, 32, 39–42, 45], and the parity meta-anal-
ysis included eight study populations [11, 12, 14, 18, 19, 21, 44, 45].

Study characteristics
The characteristics of the 32 study populations that were included in at least one of the meta-
analyses are summarised in Table 1.

Of the identified study populations, five were cohort and 27 were cross-sectional. Study
populations were drawn from nine countries—all were more economically developed locations.
The United States was the most common study population setting (n = 14). Study population
samples ranged from 276 to 180,982 participants, and hysterectomy prevalence from 3% to
56% (average 20%).

For each exposure, data on associations were reported for up to 12 study populations but
were not included in our meta-analyses because they used a different reference category, expo-
sure variables were categorized in ways that prevented comparison, or there were an

Fig 1. Flow chart detailing the search for and selection of studies in the age at menarche, level of education and parity meta-analyses. Studies were
published up until March 2015.

doi:10.1371/journal.pone.0151398.g001
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insufficient number of categories to enable a dose-response association to be calculated (details
of these study populations are available online in S3 File: Tables).

Age at menarche
Seven study populations [17–19, 30–32] were eligible for inclusion in the dose-response meta-
analysis. Three study populations [17, 30, 32] reported a dose-response estimate (per year
older at menarche) and four [18, 19, 31] reported categorical variables (with the number of cat-
egories either 3 or 4). The summary result for the two studies reporting hazard ratios [18, 19]
was 0.86 (95% CI: 0.78, 0.95; I2 = 0.0%) per year older at menarche (Fig 2). Random effects
meta-analysis of the five cross-sectional studies reporting odds ratios [17, 19, 30–32] gave a
summary estimate of 0.88 (95% CI: 0.82, 0.94; I2 = 61%) per year older at menarche (Fig 2).

Fig 2. Forest plots displaying results frommeta-analyses of the association between each year older at menarche and hysterectomy (random-
effects model) for studies reporting: (a) hazard ratios (HR) and, (b) odds ratios (OR). Squares represent study-specific estimates (the size of the square
reflects the study-specific statistical weight); horizontal lines represent 95% confidence intervals (CI); diamonds represent the summary estimate with
corresponding 95% confidence interval. See Table 1 for details of Study abbreviations.

doi:10.1371/journal.pone.0151398.g002
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Omitting the Danish Study[19] reduced heterogeneity to 27%, while omitting the results from
the Black Women’s Health Study[31] removed all heterogeneity; however in both cases there
was minimal difference to the summary result.

Publication bias was not performed as there were insufficient included studies to properly
assess a funnel plot or the results of formal assessments.

Level of Education
Lowest versus Highest education level meta-analysis. Ten studies reported hazard ratios

[11, 21, 22, 33–38]. Random-effects meta-analysis gave a summary HR of 1.87 (95% CI: 1.25,
2.80; I2 = 86%) (Fig 3). Results of sub-group analysis and univariable meta-regression are
described in Table 2. Together, those characteristics with a p-value of� 0.2 in univariable
meta-regression i.e. year of publication, birth cohort category of study participants and the ref-
erence category used for education level explained all of the between-study heterogeneity in a
multivariable meta-regression model. Begg and Mazumdar’s correlation was 1.07 (continuity
corrected), P-value = 0.28. Egger’s regression intercept was 0.151 (P-value = 0.33). Thus, there
was no evidence of publication bias (available online in S4 File: Funnel Plots).

Twenty-one studies reported odds ratios [12–16, 20, 25, 30–32, 38–45]. Random-effects
meta-analysis gave a summary OR of 1.51 (95% CI: 1.35, 1.69; I2 = 90%) (Fig 3). When studies
that only had unadjusted results were excluded from the meta-analysis [12, 14, 20, 43] the sum-
mary estimate was similar with little change in heterogeneity (OR = 1.56; 95% CI: 1.39, 1.75; I2

= 87%). Results of sub-group analysis and univariable meta-regression on the full set of studies
are described in Table 2. Birth cohort category of study participants, adjustment for key vari-
ables and quality of study were significant in the univariable regression analysis. However,
when these characteristics were included in multi-variable meta-regression only 28% of
between-study variance was explained. Begg and Mazumdar’s correlation was 0.15 (continuity
corrected), P-value = 0.88. Egger’s regression intercept was -0.85 (P-value = 0.44). Thus, there
was no evidence of publication bias (available online in S4 File: Funnel Plots).

Education Level Dose-response meta-analysis. Ten studies [14, 16, 32, 39–42, 45] were
included in the dose-response meta-analysis. All of the studies reported categorical variables
(the average number of categories was 4; ranging from 3 to 6). All of these studies reported
odds ratios. Random-effects meta-analysis gave a summary OR of 1.17 (95% CI: 1.12, 1.23; I2 =
85%) per each level lower of education (Fig 4). Results of sub-group analysis are described in
Table 3. Together, the birth cohort of study participants and adjustment for at least one repro-
ductive factor explained the heterogeneity between studies. Begg and Mazumdar’s correlation
was 0.45 (continuity corrected), P-value = 0.65. Egger’s regression intercept was -0.36 (P-
value = 0.77). Thus, there was no evidence of publication bias (available online in S4 File: Fun-
nel Plots).

Parity
Random effects meta-analysis of the four studies [11, 18, 19, 21] reporting hazard ratios gave a
non-significant summary estimate of 1.10 (95% CI: 0.86, 1.41; I2 = 62%) per child (Fig 5).
Three of the studies, from Japan [11], the USA [21] and Denmark [19], had study populations
where the majority of participants were aged less than 45 years (mean age 43, 40 and 35 respec-
tively) when responding to questions about parity. When only these three studies [11, 19, 21]
were included in the meta-analysis, heterogeneity was reduced (I2 = 21%; HR 0.98, 95% CI
0.76, 1.27). When only the Japanese study [11] was omitted (the only study reporting a HR
<1), heterogeneity (I2) was 14%, and the association between parity and hysterectomy
increased and was statistically significant (HR = 1.26 95% CI 1.09, 1.45 per child). Publication
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bias was not performed as there were insufficient included studies to properly assess a funnel
plot or the results of formal assessments.

Random effects meta-analysis of the four studies [12, 14, 44, 45] reporting odds ratios gave
a non-significant summary estimate of 1.04 (95% CI: 0.94, 1.14) per child with high heteroge-
neity (I2 = 96%) (Fig 5). In the sensitivity analysis, no single study reduced heterogeneity below

Fig 3. Forest plots displaying results frommeta-analyses of the association between level of education and hysterectomy (random-effects model)
comparing lowest versus highest education level for studies reporting: (a) hazard ratios (HR) and, (b) odds ratios (OR). Squares represent study-
specific estimates (the size of the square reflects the study-specific statistical weight); horizontal lines represent 95% confidence intervals (CI); diamonds
represent the summary estimate with corresponding 95% confidence interval. See Table 1 for details of Study abbreviations.

doi:10.1371/journal.pone.0151398.g003
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Table 2. Exploration of heterogeneity (RandomEffects) in lowest versus highest education level and hysterectomymeta-analysis. Abbreviations:
CI, Confidence Interval.

META-ANALYSIS OF STUDIES REPORTING HAZARD
RATIOS

META-ANALYSIS OF STUDIES REPORTING ODDS
RATIOS

Sub-group No. of
studies

Summary
Hazard Ratio

(95% CI)

Residual
heterogeneity (I2)

P-value1 No. of
studies

Summary
Odds Ratio
(95% CI)

Residual
heterogeneity (I2)

P-value1

Study Design

Cohort 3 1.42 (1.16,1.73) 0.0% 0.43 2 1.15 (0.97,1.35) 18.3% 0.32

Cross-sectional 7 2.15 (1.20,3.82) 89.9% 19 1.55 (1.40,1.72) 85.5%

Year of publication

Before 2000 6 2.45 (1.46,4.01) 82.4% 0.16 9 1.59 (1.23,2.04) 91.7% 0.60

2000 and later 4 1.30 (0.63,2.67) 88.1% 12 1.48 (1.30,1.68) 88.4%

Outcome definition

Hysterectomy for
malignant conditions
excluded

1 2.66 (0.63,11.23) - 0.72 4 1.79 (1.59,2.02) 51.4% 0.21

Malignant conditions
included or not specified

9 1.84 (1.21,2.79) 87.1% 17 1.45 (1.26,1.66) 91.0%

Prevalence of
hysterectomy in study
sample

< 15% 7 2.20 (1.48,3.30) 68.2% 0.28 4 1.37 (0.82,2.26) 92.0% 0.77

15 to <25% 3 1.36 (0.66, 2.79) 90.0% 9 1.66 (1.49,1.84) 52.4%

� 25% - - - 8 1.39 (1.13,1.72) 95.0%

Birth Cohort category of
study participants

pre-World War II 2 1.01 (0.50,2.03) 93.1% 0.14 8 1.33 (1.16,1.52) 71.3% 0.05

Baby-boomers 3 2.98 (1.65,5.39) 70.7% 5 1.91 (1.62,2.24) 67.8%

Broad age group 5 1.92 (1.19,3.10) 45.4% 8 1.49 (1.26,1.75) 85.5%

Education Reference
Category (highest level)

Completed college/
university degree

5 2.97 (1.96,4.49) 54.8% 0.03 11 1.53 (1.31,1.78) 93.2% 0.46

Finished school 2 1.45 (1.18,1.77) 0.0% 7 1.63 (1.41,1.88) 40.7%

Other 3 0.97 (0.52,1.80) 80.7% 3 1.15 (0.59,2.26) 94.6%

Region of Study

United States 2 2.47 (0.82,7.44) 95.7% 0.63 12 1.44 (1.24,1.67) 93.2% 0.67

Europe/United
Kingdom

3 1.43 (0.56,3.66) 91.1% 5 1.57 (1.41,1.74) 0.0%

Asia/Pacific 1 0.77 (0.24,2.45) - - - -

Australia/New
Zealand

4 2.15 (1.32,3.50) 43.7% 4 1.70 (1.10,2.63) 91.0%

Adjustment for key
factors

Adjusted for age 4 1.21 (0.66, 2.19) 87.3% 0.29 8 1.75 (1.50,
2.05)

85.3% 0.19

Adjusted for age and
at least one
reproductive factor

5 2.76 (1.45, 5.23) 85.3% 7 1.36 (1.06,
1.73)

90.4%

Did not adjust for age/
reproductive factor

1 2.66 (0.63,
11.23)

- 6 1.36 (1.12,
1.65)

81.8%

Quality of study

(Continued)
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80%. Publication bias was not performed as there were insufficient included studies to properly
assess a funnel plot or the results of formal assessments.

Quality analysis
The results of the quality assessments are available online in S5 File: Quality Assessment. Over-
all, the majority of studies were assessed as being of moderate quality. Main sources of potential
bias included: 1) representativeness of the sample in the parity meta-analysis (where a number
of studies had young study participants); 2) ascertainment of age at menarche, with only one
study[18] obtaining this information during adolescence; 3) comparability of exposed and
non-exposed groups, with the majority of studies not adjusting for key confounding variables

Table 2. (Continued)

META-ANALYSIS OF STUDIES REPORTING HAZARD
RATIOS

META-ANALYSIS OF STUDIES REPORTING ODDS
RATIOS

Sub-group No. of
studies

Summary
Hazard Ratio

(95% CI)

Residual
heterogeneity (I2)

P-value1 No. of
studies

Summary
Odds Ratio
(95% CI)

Residual
heterogeneity (I2)

P-value1

Moderate 7 1.72 (0.98, 3.04) 89.4% 0.52 17 1.58 (1.40,
1.79)

90.8% 0.12

High 3 2.44 (1.03, 5.76) 66.4% 4 1.17 (0.78,
1.74)

87.3%

1 p-values obtained from univariable meta-regression models using the Knapp-Hartung method.

doi:10.1371/journal.pone.0151398.t002

Fig 4. Forest plots displaying results frommeta-analyses of the association between each level lower of education and hysterectomy (random-
effects model) for studies reporting odds ratios (OR). Squares represent study-specific estimates (the size of the square reflects the study-specific
statistical weight); horizontal lines represent 95% confidence intervals (CI); diamonds represent the summary estimate with corresponding 95% confidence
interval. See Table 1 for details of Study abbreviations.

doi:10.1371/journal.pone.0151398.g004
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(parental/early childhood socio-economic factors for age at menarche and reproductive factors
for level of education); and 4) assessment of outcome, with the majority of studies ascertaining
hysterectomy outcome by self-report and not hospital records or medical imaging.

Discussion

Principal Findings
Meta-analyses of the above-mentioned population-based studies revealed a 14% and 12%
lower risk of hysterectomy for each year older at menarche in studies reporting hazard ratios
and odds ratios respectively. Women with the lowest levels of education had a higher risk of
hysterectomy when compared with women with the highest education levels; and there was a
dose-response relationship with a 17% higher risk of hysterectomy with each level lower of
education. In meta-analyses of studies of parity and hysterectomy, the results (hazard ratios
and odds ratios) were not statistically significant.

Early menarche has been associated with an increased risk of uterine fibroids [46–48] and
endometriosis [49–51], two common indications for hysterectomy. Although the biologic
mechanisms are not clearly understood, it has been postulated that this increased risk may be

Table 3. Exploration of heterogeneity (RandomEffects) in education level and hysterectomy dose-response meta-analysis. Abbreviations: CI, Con-
fidence Interval.

Sub-group No. of studies Summary odds ratio (95% CI) Residual heterogeneity (I2) P-value1

Study Design

Cohort 1 1.18 (1.04, 1.34) - .92

Cross-sectional 9 1.17 (1.11, 1.23) 86.7%

Year of publication

Before 2000 1 1.27 (1.20, 1.38) - .21

2000 and later 9 1.16 (1.10, 1.22) 85.7%

Outcome definition

Hysterectomy for malignant conditions excluded 1 1.23 (1.19, 1.28) - .40

Malignant conditions included or not specified 9 1.16 (1.10, 1.23) 85.4%

Prevalence of hysterectomy in study sample

< 15% 1 1.17 (1.05, 1.31) - .27

15 to <25% 5 1.22 (1.19, 1.26) 0.0%

� 25% 4 1.12 (1.01, 1.23) 93.9%

Birth Cohort category of study participants

pre-World War II 3 1.08 (1.01, 1.15) 41% .07

Baby-boomers 4 1.23 (1.18, 1.27) 0.0%

Broad age group 3 1.20 (1.16, 1.24) 44%

Region of Study

United States 6 1.18 (1.11, 1.25) 91.4% .45

Europe/United Kingdom 2 1.17 (1.08, 1.28) 0.0%

Asia/Pacific - - -

Australia/New Zealand 2 1.10 (0.99, 1.22) 0.0%

Adjustment for key factors

Adjusted for at least one reproductive factor 8 1.20 (1.17, 1.23) 23.8% .06

Did not adjust for at least one reproductive factor 2 1.12 (0.90, 1.41) 50.7%

1 p-values obtained from univariable meta-regression models using the Knapp-Hartung method. Note: Quality of study not considered in sub-group

analysis as all studies were of “moderate” quality.

doi:10.1371/journal.pone.0151398.t003
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due to increased hormonal stimulation through increased exposure to menstrual cycles [46, 48,
50], or there may be pre-natal or early life factors that are associated with both early menarche
and adult disease [46, 48]. Early menarche may also be a marker for early sexual activity and
influence marriage and reproductive patterns, especially age at first birth [52], although the
majority of studies adjusted for reproductive variables indicating that an association indepen-
dent of these factors is present.

Lower levels of education may impact upon general health and health literacy levels, the
capacity to navigate the health system and decision-making skills [53] or impact upon the qual-
ity of care received through resulting locational or socio-economic disadvantage [54]. Women
with lower education levels may work in lower income occupations that may negatively impact

Fig 5. Forest plots displaying results frommeta-analyses of the association between each additional child a women gives birth to and
hysterectomy (random-effects model) for studies reporting: (a) hazard ratios (HR) and, (b) odds ratios (OR). Squares represent study-specific
estimates (the size of the square reflects the study-specific statistical weight); horizontal lines represent 95% confidence intervals (CI); diamonds represent
the summary estimate with corresponding 95% confidence interval. See Table 1 for details of Study abbreviations.

doi:10.1371/journal.pone.0151398.g005

Age at Menarche Education Parity and Hysterectomy: Three Meta-Analyses

PLOS ONE | DOI:10.1371/journal.pone.0151398 March 10, 2016 20 / 25



on health; or be employed on casual or inflexible terms necessitating quick and complete reso-
lution of medical issues. Additionally, women with lower levels of education may be at
increased risk of being overweight and obese (a risk factor for hysterectomy [21, 44, 45, 55] and
adjusted for by less than half of the studies included in the education meta-analyses) and hav-
ing poorer health outcomes overall [56].

Exploration of heterogeneity
Moderate to high heterogeneity was prevalent in these meta-analyses, in particular, the educa-
tion level meta-analyses all had high levels of heterogeneity, indicating that the summary
results should be interpreted with caution. Sub-group analysis showed that several factors seem
to account for this heterogeneity, including the birth cohort category of study participants, the
reference category used for level of education, the year the included article was published, qual-
ity of the study (as assessed by the authors) and control for the key variables of age and repro-
ductive factors. While most of these explanatory factors relate to the design of the study and
measurement of variables, the birth cohort category of study participants as an explanatory fac-
tor indicates that education attainment levels may vary over time and may also be a reflection
of changing reproductive trends, increased access to alternative treatments for benign hysterec-
tomy indications and changing treatment preferences among different SES groups [16].

Heterogeneity was less of an issue in the age at menarche meta-analyses. There was no het-
erogeneity in the age at menarche meta-analysis of study populations reporting hazard ratios
(although only two studies were able to be included); and in the meta-analysis of study popula-
tions reporting odds ratios, the summary result was robust even after omitting studies that
showed evidence of contributing to heterogeneity. In the parity meta-analysis of study popula-
tions reporting hazard ratios (with moderate heterogeneity) omission of either the UK[18] or
Japanese[11] study population reduced heterogeneity to 21% and 14% respectively. In the
meta-analysis of study populations reporting odds ratios no single study reduced heterogeneity
below 80%; however, in both cases only a small number of studies were able to be included.

Strengths and limitations
To our knowledge, these are the first meta-analyses to quantify the associations between age at
menarche, level of education, parity and risk of hysterectomy. These analyses included only
population-based studies to increase generalisability.

Our meta-analyses have several limitations. First, all of the included studies were observa-
tional so the results cannot be considered causal evidence. Second, the majority of included stud-
ies were cross-sectional with the attendant limitations of this design. Recall bias may have
impacted in particular on the accuracy of the measurement of age at menarche. In all but one
study [18] this was measured by self-report when women were in adulthood (rather than in ado-
lescence) and less likely to reliably recall menarcheal age [57]. This may have resulted in exposure
misclassification although this is unlikely to be differential across hysterectomy and non-hyster-
ectomy groups. Third, in the parity meta-analysis, three of the four studies reporting hazard
ratios had populations where the majority of participants were aged less than 45 years at the time
of survey, potentially biasing an assessment of the association with hysterectomy (towards the
null), as many women delay hysterectomy until they consider their child-bearing years complete.

The process of review and data extraction also demonstrated the differences in outcome and
exposure definition across the studies. For example differences in definition and categories in
the exposure variables prevented meta-analysis of a number of the SES and adult reproductive
factors and contributed to the heterogeneity in the lowest versus highest education meta-analy-
sis. There was very little consistency in adjusting variables across the studies, which also

Age at Menarche Education Parity and Hysterectomy: Three Meta-Analyses

PLOS ONE | DOI:10.1371/journal.pone.0151398 March 10, 2016 21 / 25



contributed to variance. We anticipated that region of study could have contributed to hetero-
geneity. This was not the case, however the majority of studies were located in more economi-
cally developed countries. Ethnicity may have been a more appropriate measure to assess
cultural and contextual differences, however, there was insufficient information across studies
to explore this.

Conclusions and implications
In conclusion, our systematic review and meta-analyses indicate that there is a dose-response
relationship between younger age at menarche and lower education levels and a higher risk of
hysterectomy. As younger age at menarche, lower education levels and hysterectomy are com-
mon risk factors for adverse health outcomes such as diabetes and cardiovascular disease [5, 6,
43, 58–62] a better understanding of the causal pathways and the potential mediating role that
hysterectomy might play is of public health importance. Future research needs to explore the
relationship between SES and reproductive factors utilising data from large prospective cohort
studies that measure SES and reproductive variables prior to hysterectomy and can adjust for
key confounding variables. Studies that pool individual-level data from populations of different
ethnicities and locations, align outcome and exposure definitions, and can adjust for the same
set of confounders are also required.
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