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Background: Based on previous studies, it has been hypothesized that tube sterilization may be associated with a
lower risk of breast cancer. This study aims to investigate the relationship between tubal ligation and the risk of breast

Methods: In this systematic review and meta-analysis, PubMed/Medline, Web of Science, Scopus, and Google
Scholar were searched for relevant non randomized studies published up to November 2020. Then, we screened the
papers to include the eligible papers in the meta-analysis. Finally, we pooled the extracted results of individual studies
to estimate the summary effect size. All analyses were done using Stata software version 13 (Stata Corp, College Sta-

Results: Four hundred sixty-four papers were retrieved from PubMed/Medline (160), Scopus (165), and Web of
Science (139), and 21 papers from Google Scholar and manual search of references in selected full texts. After the
removal of duplicates and screening of the papers, 11 articles (6 cohort and 5 case-control study) were included in
the final analysis. The results of cohort (RR=0.99, 95% Cl=0.97-1.0,  =21.1%) and case control studies (OR=0.87,
95% Cl=0.62-1.12, > =88.9%) revealed that tubal ligation was not significantly associated with breast cancer risk.

Conclusion: According to our findings, tubal ligation cannot be considered as a risk factor associated with breast
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Background

Permanent contraception, also known as female sterili-
zation or tubal ligation, is a surgical procedure in which
fallopian tubes are blocked or removed. This contracep-
tive method is one of the most popular methods of fam-
ily planning around the world [1, 2], accounting for 21.8%
of contraceptive users in 2014 after oral contraceptives
by 25.3% [3]. The prevalence of tubal ligation use has
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increased to 24% in 2019, with 219 million women world-
wide choosing this method as their favorite contraceptive
(3, 4].

Based on previous studies, it has been hypothesized
that tube sterilization may be associated with a lower risk
of breast cancer [2], especially among women <45years
of age [5]. Ovarian hormones are involved in the patho-
genesis of breast cancer. Therefore, tubal ligation may
alter the risk of breast cancer due to changes in hormone
levels before menopause age [5]. However, tubal ligation
can also damage surrounding tissues, disrupting blood
flow to ovaries and their hormonal function, thereby
reducing the risk of breast cancer [6].

Numerous case-control and cohort studies [5-9] have
been conducted in different parts of the world with
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different methodologies to examine this relationship. The
findings, however, have been inconsistent and there is
still no consensus on the effect of tubal ligation on breast
cancer risk. Although most studies have reported either
no association or reduced risk of breast cancer following
tubal ligation, there is also some evidence of an increased
risk of breast cancer [9]. Besides, a study has reported
that there is an inverse relationship between tubal liga-
tion and breast cancer mortality [7].

In previous meta-analysis studies, the protective effect
of tubal ligation on endometrial [10] and ovarian cancers
[11, 12] was reported. Therefore, it is expected that tubal
ligation, with a similar mechanism, can be associated
with a reduction in breast cancer risk.

With the inconsistency of previous study findings and
also the fact that the last meta-analysis on this topic was
conducted a decade ago when due to lack of evidence
only PubMed database was searched [2], this study aimed
to investigate the relationship between tubal ligation and
risk of breast cancer through a systematic review and
meta-analysis on non-randomized studies.

Methods

Study design

The systematic review and meta-analysis were conducted
following the standard guideline of “Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA)” [13] and “Cochrane Handbook for Systematic
Reviews of Interventions” [14].

Search strategy

To extract the relevant articles, a specific search strategy
was devised, using a variety of keywords, for the follow-
ing three international databases: Medline via PubMed,
Scopus, and Web of Science. Medical Subject Heading
(MeSH) and our keywords (including “breast neoplasms,’
“breast cancer,” “sterilization, tubal,” “tubal sterilization,’
“tubal ligation,” “tubal occlusion,” “female sterilisation,’
“sterilization, reproductive,” and “reproductive steriliza-
tion”) were searched in PubMed. The search was filtered
to only subsume human and English language studies.
The modified keywords were then used to search in Sco-
pus and Web of Science databases. More detail on the
search strategy is reported in Supplementary file 1. The
searching activities were conducted by authors (AAH, SS,
and SZR) on November 23. Finally, Google Scholar was
searched for gray literature, and references of selected
articles were also manually checked by authors to find
the relevant articles.

Study selection
To select the relevant articles, the retrieved articles were
entered into Endnote version X8. Duplicate articles were
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removed in this stage. Then, the titles and abstracts of
the remaining articles were screened and the irrelevant
articles were excluded. After that, the full texts of the
remaining articles were evaluated and unrelated articles
were discarded. The required information was finally
extracted from the remaining related articles. In cases
where an article was relevant but the necessary data was
not reported, the corresponding author was contacted.
All stages of the study selection were performed by two
people (AAH and SM). In the case of controversies, deci-
sions were made in consultation with other authors.

Inclusion and exclusion criteria

Non-randomized articles that were published in the Eng-
lish language, up to November 2020, and examining the
association between tubal ligation and breast cancer were
included in the study. Moreover, only case-control and
cohort studies were included, and other types of articles
namely randomized interventional studies, letters to the
editors, case reports, case series, editorials, review arti-
cles, and commentaries were excluded.

Data extraction

Data were extracted from the full-text of retrieved arti-
cles by the authors (AAH, MS2, SM, and SZR), and in
the cases of disagreements, decisions were made in con-
sultation with other authors. Data extracted from each
article included first author’s name, year of publication,
study design, type of effect size (e.g., odds ratio (OR) and
risk ratio (RR)), effect size (and its 95% confidence inter-
val (95% CI)), place of study, the quality score of the arti-
cle, and studied population. In cohort studies, RR was
extracted, and in case-control studies, OR was extracted.

Risk of bias

Qualitative evaluation of the included studies was per-
formed by two authors based on the Newcastle-Ottawa
Quality Assessment Scale (NOS), adapted for case-con-
trol and cohort studies. This scale is introduced to assess
the quality of observational studies. The NOS evalu-
ates each study based on six items in three overarching
headings of selection, comparability, and exposure. Each
item is given a star and its score ranges from 0 to 9. The
articles were finally categorized into three groups with a
score of more than 6 as high, 3 to 6 as moderate, and less
than 3 as low quality.

Statistical analysis

To check the heterogeneity across the studies, the I
statistic with a chi-square test was used. Also, in cases
where there was significant heterogeneity, the random-
effect model was used, and in other cases, the fixed-
effect model was conducted to pool the effect sizes with
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“metan” command [15]. To explore the publication bias,
Egger’s linear regression, Begg’s test (with “metabias”
command [16]), and funnel plot (with “metafunnel” com-
mand [17]) were used. Moreover, a sensitivity analysis
was performed to identify the effect of each study on the
summary effect size with “metainf” command [18]. All
analyses were done using Stata software version 13 (Stata
Corp, College Station, TX, USA).

Results

Study selection and study characteristics

The PRISMA flow diagram regarding the selection
of the articles is displayed in Fig. 1. Searching the
three international databases, we retrieved 464 papers
(PubMed/Medline: 160, Scopus: 165, and Web of Sci-
ence: 139). Twenty-one papers were retrieved from
Google Scholar and a manual search of the references
of all selected full texts. After the removal of duplicate
papers, 369 papers remained from which 345 papers
were excluded following their titles and abstracts
screening. Then, the full texts of the remaining 24
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articles were evaluated, and 13 articles were excluded
due to irrelevance, lack of meeting inclusion criteria, or
lack of sufficient data reporting. Finally, 11 articles [2,
5,6, 8,9, 19-24] were included in the meta-analysis.

The eleven studies that met the inclusion criteria are
summarized in Table 1. Five were case-control [5, 9,
19-21] and six were cohort study designs [2, 6, 8, 22—
24]. The oldest study was published in 1988 [9] and the
latest in 2016 [24]. There were 6 articles from the USA
[2, 5, 6, 8, 9, 21], 3 articles from Europe [19, 22, 24],
and 2 articles from Asia [20, 23]. The adjusted effect
size was reported in all the articles except for a study
from Korea. More details about the selected studies are
reported in Table 1.

Risk of bias within studies

The quality of each study was checked according to the
NOS and all studies were of high quality. However, we
could not check the quality of a study from Korea [20]
due to a lack of access to the full-text.

)

Records identified through database
searching (n =464)
(PubMed=160, Scopus= 165, web of
sciences= 139)

Additional records identified
through other sources
(n=21)

Identification

[

)

Records after duplicates removed
(n =369)

A

Screening

Title and abstract of records screened
(n =369)

Records excluded
(n =345)

y

Full-text articles assessed
for eligibility
(n=24)

Full-text articles excluded,
with reasons
(n=13)

A 4

Eligibility

A

Studies included in
qualitative synthesis
(n=11)
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—

Studies included in
quantitative synthesis
(meta-analysis)
(n=11)

Fig. 1 Flow diagram of the literature search for studies included in the meta-analysis
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Quantitative data synthesis

In this study, the results of cohort and case-control stud-
ies was not combined together and the results pooled
separately. Because of significant heterogeneity between
primarily included case-control studies, a random-effects
model with a Mantel-Hansel approach was used to sum-
marize the findings, while cohort studies were com-
bined using the fixed-effects model. The results of cohort
(RR=0.99, 95% CI=0.97-1.0, >=21.1%) and case con-
trol studies (OR=0.87, 95% CI=0.62—1.12, I?=88.9%)
revealed that tubal ligation was not significantly associ-
ated with breast cancer risk (Figs. 2 and 3).

Heterogeneity and meta-regression

The results suggested a significant heterogeneity
between primary case control studies (heterogeneity
chi-squared=36.1, (d.f. = 4), p=0.001, I* (variation in
ES attributable to heterogeneity)=88.9%, estimate of
between-study variance tau-squared=0.066), and the
results revealed that there is no significant heterogeneity
among cohort studies (heterogeneity chi-squared=6.3,
(d.f. = 5), p=0.275, P> (variation in ES attributable to
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heterogeneity) =21.1%, estimate of between-study vari-
ance tau-squared =0.001). Therefore, a random-effects
model was used to summarize the effect sizes in case
control studies and fixed-effects model was used in
cohort studies.

Additional analysis

Based on previous evidence [25-27], the OR is a good
estimate of the RR if the incidence of the disease is rare.
Assuming that breast cancer is rare in people with and
without a history of tubal ligation, we combined the
effect sizes of all studies (11 studies). Overall, the pooled
effect size in the meta-analysis revealed that tubal liga-
tion was not significantly associated with breast cancer
risk (summary effect size (SES)=0.97, 95% CI=0.89-
1.04, I>=76.8%, random-effects model).

Risk of bias across studies

Begg’s and Egger’s tests were used to check the pos-
sibility of publication bias. The findings, however,
suggested that there was no evidence of publication
bias among case-control (Begg’s test p value=0.462,
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Fig. 2 Forest plot describing the association between tubal ligation and breast cancer risk among cohort studies
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First

author Year
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Overall (I-squared = 88.9%, p = 0.000)

NOTE: Weights are from random effects analysis
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Fig. 3 Forest plot describing the association between tubal ligation and breast cancer risk among case-control studies

Egger’s test p value=0.36) and cohort studies (Begg’s test
p value=0.133, Egger’s test p value =0.34).

Sensitivity analysis

Based on sensitivity analysis, the results showed that in
both cohort and case-control studies, there was no asso-
ciation between tubal ligation and breast cancer risk by
removing each individual studies. Also, overall sensitiv-
ity analysis showed that the highest estimate of summary
effect size was related to the time when Shin et al. study
[20] was excluded from the meta-analysis (SES=1.01,
95% CI=0.95-1.07). The lowest estimate on the other
hand was related to the time when Irwin et al. study [9]
was excluded from the meta-analysis (SES=0.96, 95%
CI=0.89-1.02).

Discussion

In this study, we collected and analyzed non-rand-
omized articles examining the relationship between
tubal ligation and breast cancer risk in a systematic
review and meta-analysis. The results of the study
strongly support the lack of an association between

tubal ligation and breast cancer risk. Regardless of the
statistically significant level, the estimated summary
effect size was close to its null value of one, suggesting
that the observed association was not clinically impor-
tant (i.e., not in favor of a protective effect of tubal
ligation on breast cancer risk). In addition, the small
confidence intervals obtained from the models impli-
cate accurate results.

Given that tubal ligation has a significant effect on
reducing the risk of ovarian [11, 12] and endometrial
cancers [10], our hypothesis in this study was that this
association, with a similar mechanism, might be estab-
lished for breast cancer too. On the contrary, we showed
that there was no sufficient evidence to support this
hypothesis, and it was concluded that tubal ligation is not
associated with breast cancer risk. The lack of association
between tubal ligation and breast cancer risk reinforces
a hypothesis that the association between tubal ligation
and ovarian cancer might be due to a mechanical barrier
against ascending carcinogenic agents or due to screen-
ing effect (i.e., selective removal of suspicious ovaries
during tubal ligation) [2].
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From a total of 11 articles included in the meta-analy-
sis, one study showed a significant increase [9] and one a
significant decrease [20] in breast cancer following tubal
ligation. The rest of the studies reported that there was
no such association according to their findings. In fact,
in line with our study, several studies have reported that
tubal ligation cannot reduce the risk of breast cancer. In
one study conducted by Calle et al. [7], however, the rela-
tionship between tubal ligation and the mortality rate of
breast cancer was examined, and the authors concluded
that there was an inverse relationship between tubal liga-
tion and breast cancer mortality rate. To be precise, they
reported that breast cancer mortality rate in those with a
history of tubal ligation was 0.82 times higher than that
of the control group, especially among women who were
sterilized before age 35.

Previous studies have also suggested that women who
have a history of tubal ligation are more prone to uterine
surgery and hysterectomy [28], and bilateral oophorec-
tomy [29], and these issues can act as a factor to reduce
the risk of breast cancer. Given this, it can be hypoth-
esized that tubal ligation alone may not play a role in
reducing the risk of breast cancer but rather the surgery
that occurs after tubal ligation might be a factor.

One of the important issues in meta-analysis studies is
that the unadjusted data of individual studies are usually
extracted and summarized. Fortunately, in this study, the
adjusted effect size was reported in most of the primary
papers where the effect of various confounding variables
was controlled. Besides, the possibility of publication
bias is another concern in these kinds of meta-analysis
studies. Our analyses, however, showed that there is no
evidence in favor of publication biases in individual stud-
ies. In this study, there was considerable heterogene-
ity between the included studies. Heterogeneity refers
to any variation across primary included articles which
mainly include clinical or methodological heterogeneity.
No two studies can be identical, so systematic reviews
require methods to evaluate the variability of studies to
make reasonable decisions about data summarizing and
comparisons [30]. Due to significant heterogeneity across
the studies, we performed a sub-group analysis (based on
study design) and also a random and fixed-effects model
to pool the data.

One of the strengths of this study is that unlike a pre-
vious meta-analysis that only searched PubMed database
a decade ago, three international databases including
Scopus, Medline/PubMed, and Web of Science were
searched and a general conclusion was made about the
association between tubal ligation and breast cancer risk.
One of the limitations of this study, however, is that only
articles in the English language were reviewed. Moreover,
due to the review nature of the study, it was not possible

Page 7 of 8

to assess the effect of time (number of years elapsed)
since tubal ligation on the risk of breast cancer.

It should be highlighted that combining different study
designs and different effect sizes leads to increased het-
erogeneity between studies, and in some cases, it is not
recommended to combine them. In this study, the results
of case control and cohort studies were reviewed, and we
analyzed the case control (odds ratio) and cohort stud-
ies (risk ratio) separately, and because the results of these
two types of studies did not differ, the results of these
studies were merged as an additional analysis with ran-
dom-effects model.

In this study, the statistical heterogeneity quantified by
the I statistic, and because of a significant heterogene-
ity, random-effects model preferred to the fixed-effects
model. Accordingly, because the number of studies is
usually small, there is also the possibility of small study
bias that the results should be used with caution.

In this study, some of reported effect size were adjusted
for potential confounders and some of them were not
adjusted. According to the Cochrane Handbook, the use
of adjusted model is preferable if both unadjusted and
adjusted intervention effects are reported.

In summary, in this study, we pooled the results of
eleven individual studies and our findings did not sug-
gest tubal ligation as a risk factor associated with breast
cancer.
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