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Abstract

Background It has been assumed that perinatal factors such as multiple pregnancies may affect subsequent breast
cancer risk in the mother. Considering the inconsistencies in the results of case-control and cohort studies published
in the world, this meta-analysis was conducted in order to determine the exact association between multiple
pregnancies (twins or more) and the breast cancer incidence.

Methods This study was performed as a meta-analysis based on PRISMA guidelines by searching the international
databases of PubMed (Medline), Scopus, and Web of Science as well as by screening selected articles based on their
subject, abstract and full text. The search time was from January 1983 to November 2022. Then the NOS checklist was
used to evaluate the quality of the final selected articles. The indicators considered for the meta-analysis included the
odds ratio (OR) and the risk ratio (RR) along with the confidence interval reported in the selected primary studies. The
desired analyzes were performed with STATA software version 17 to be reported.

Results In this meta-analysis, 19 studies were finally selected for analysis, which fully met the inclusion criteria. Of
these, 11 were case-control studies and 8 were cohort ones. Their sample size was 263,956 women (48,696 with
breast cancer and 215,260 healthy) and 1,658,378 (63,328 twin or multiple pregnancies and 1,595,050 singleton
pregnancies), respectively. After combining the results of cohort and case-control studies, the effect of multiple
pregnancies on the breast cancer incidence was equal to 1.01 (95% Cl: 0.89-1.14; 12: 44.88%, P: 0.06) and 0.89 (95% Cl:
0.83-0.95; 12: 41.73%, P: 0.07), respectively.

Conclusion The present meta-analysis results showed, in general, multiple pregnancies were one of the preventive
factors of breast cancer.
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Introduction

The growing breast cancer prevalence in women is one
of the most important problems of humanity in today’s
society. In 2020, 2.3 million women were diagnosed with
breast cancer and 685,000 died because of its worldwide
[1-3]. By the end of 2020, in the last 5 years, 7.8 mil-
lion women were diagnosed with breast cancer the most
common cancer in the world. About 1 in 8 American
women (about 13%) develops invasive breast cancer in
her lifetime [3]. In 2021, 281,550 new cases of invasive
breast cancer and 49,290 new cases of noninvasive breast
cancer were estimated in women in the United States
[4, 5]. Breast cancer most often begins with cells in the
milk-producing ducts (invasive ductal carcinoma). Also,
it may begin in the glandular tissue called lobules (inva-
sive lobular carcinoma) or in other cells or tissue within
the breast. Results of previous studies showed change of
hormonal status, lifestyle and environmental factors that
may increase your risk of breast cancer. But it’s not clear
why some people who have no risk factors develop can-
cer, yet other people with risk factors never do. It’s likely
that breast cancer is caused by a complex interaction of
your genetic makeup and your environment [6, 7]. Many
factors are effective in causing breast cancer malignan-
cies, the most important of which are changes in preg-
nancy patterns and the obesity prevalence [8-10]. In
general, these factors include diet, alcohol consumption,
body mass index, estrogen consumption, smoking, physi-
cal activity, maternal age at the first delivery, menopause,
breastfeeding rate, genetic characteristics and family
history, race and age at onset of menstruation [11-13].
Epidemiological studies [14] show pregnancy can have
different and dual effects on developing tumors as well as
increasing the breast cancer risk. On the one hand, after
giving birth and in the short term due to cell growth stim-
ulation in the stages of transformation and malignancy,
the infection chance increases, and on the other hand,
in the long term, we see a decrease in the breast cancer
prevalence in mothers because the differentiation of stem
cells prone to tumor formation in the breast is intensified
following hormonal changes, and as a result, the possibil-
ity of malignancy decreases [15, 16]. Furthermore, long-
term breastfeeding is associated with a decrease in the
breast cancer risk due to the delay in regular ovulation
[17]. The results of previous studies have shown there is
no clear association between breast cancer and the num-
ber of births, age at the time of the last pregnancy, use
of birth control pills and hormone replacement therapy
in postmenopausal women [18]. In a case-control study,
Morabia et al. [19] investigated the breast cancer preva-
lence and reproductive factors related to it in seven
countries (Australia, China, Colombia, Germany, Israel,
Philippines and Thailand). The results showed the can-
cer prevalence was related to early menstruation, late
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menopause, long duration of pregnancy and more delay
in the time of the first delivery. The results of past stud-
ies have been completely contradictory. Kim et al. (2012)
conducted a meta-analysis to investigate the association
between twin births and breast cancer [20]. Although
they observed a reduction in the breast cancer risk in the
analysis of cohort studies, in general, this association was
not statistically significant. This study had some basic
limitations. For example, the qualitative evaluation of the
selected articles (as the main part of meta-analysis stud-
ies) was not properly performed, and subgroup analyzes
and meta-regression were not conducted to identify the
main heterogeneity sources by identifying confounding
variables and controlling their effect. On the other hand,
many studies have been published since 2007, which can
help in obtaining more accurate information. Therefore,
the present meta-analysis aimed to determine the asso-
ciation between multiple births and breast cancer occur-
rence with the hope that the study results can be effective
in health and care programs or interventions for preg-
nant women and pregnancy outcomes.

Methods

The present study was a systematic review and meta-
analysis based on the structure of Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) [21]. The search in the present meta-analysis
was performed using the main keywords and their syn-
onyms found by searching in Mesh, Thesauruses, and
EMTREE. The desired databases in this study included
PubMed (Medline), Scopus, and Web of Science. The
present meta-analysis was carried out in order to update
the study of Kim, Hye Sook et al., published in 2012 [20].
So, the search time was from January 1983 to November
2022. In order to search, keywords related to twin birth
were combined with keywords related to breast cancer
and searched in the desired databases. Researchers per-
formed a search of these databases, with hand searching
through the reference lists and grey literature. The search
protocol, developed based on three main roots of “twin
birth’, “multiple birth’, and “breast cancer” All related
components of twin or multiple birth including [(Preg-
nancies AND Twin), “Twin Pregnancies’, “Twin Preg-
nancy’, (Pregnancy AND Multiple), “Multiple Pregnancy’,
“Multiple Pregnancies’, and (Pregnancies AND Mul-
tiple)] and related components of breast cancer includ-
ing [“Breast Neoplasms’, “Breast Carcinoma’, “Cancer of
Breast’, “Breast Malignant Tumor’, “Malignant Tumor of
Breast’, “Breast Neoplasm’, “Breast Tumors’, “Breast Can-
cer’, and “Mammary Cancer”] added to searched que-
ries based on scientific Mesh terms, EMTREE or the key
words. The results limited to human subjects and refined
for women with breast cancer. Reference Manager biblio-
graphic software was used to manage searched citations.
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Duplicate entries were searched by considering the title
of the published papers, authors, the year of publication,
and specifications of the source’s types. In questionable
records, the texts were compared. Authors reviewed the
primary search results, and after reviewing each article
by title and available abstract, some of the articles were
eliminated. The evaluation of the papers under consider-
ation was based on the inclusion and exclusion criteria by
the researchers, separately (PV, MCH, and YM).

Inclusion and exclusion criteria

The inclusion criteria were defined based on the PECOT
structure [22]. This structure is proper when the objec-
tive studies were case-control and cohort. In other word,
when the objective of meta-analysis was determined
association without any interventions, this structure was
used for doing all sections of meta-analysis. The PECOT
structure is a helpful approach for summarizing research
questions that explore the effect of exposure and is con-
sisted of Population, Exposure (without any interven-
tion), Comparison, Outcomes and Type of studies (22).
All case-control and cohort studies which determined
the association between the birth of multiple and twin
babies and the occurrence of breast cancer met the nec-
essary conditions to enter this study. Other studies with
other characteristics and outcomes were excluded from
the study. The steps of selecting and screening articles in
this meta-analysis were independently performed by two
authors (PV and MCH).

Data extraction

After the screening stage based on the inclusion and
exclusion criteria, an information extraction checklist
containing information related to studies (including the
names of authors, publication year, type of studies, coun-
try and number of samples), information related to the
desired exposure (singleton, twin or multiple pregnancy),
information related to the target population (mothers’
age and body mass index, and the type of population
examined in the studies) and information related to the
outcome (the desired effect size in the studies along with
the 95% confidence interval) was designed, based on
which information was extracted from the final articles.

Quality evaluation of articles

Two of the authors (YM and PV) conducted a qualitative
evaluation of the studies on the basis of the Newcastle-
Ottawa Quality Assessment Scale (NOS) checklist [23].
This checklist was designed to evaluate the quality of
analytical observational studies like case-control and
cohort studies. This tool examines each research with
eight items in three groups, including how to select study
samples, how to compare and analyze study groups, and
how to measure and analyze the desired outcome. Each
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of these items is given a score of one if it is observed in
the studies, and the maximum score for each study is 9
points. In case of discrepancies in the score assigned to
the published articles, the discussion method and the
third researcher were applied to reach an agreement.

Statistical analysis

In this meta-analysis, two types of case-control and
cohort studies were analyzed. The indicators considered
for the analysis included the odds ratio (OR) and the risk
ratio (RR) along with the confidence interval reported
in the selected primary studies. Since these indicators
are right-skewed, they should be converted to normal
distribution for analysis, and for this reason, the loga-
rithm of these indicators was included in the analysis.
The desired model for analysis was random effects or
fixed effects (inverse variance). The degree and percent-
age of heterogeneity in this study were expressed using
I square and Cochrane’s Q index [24]. According to the
criteria reported by Cochrane [24], 0 to 25% indicates
no heterogeneity, 25 to 50% low heterogeneity, 50 to
75% high but acceptable heterogeneity, and 75 to 100%
high and unacceptable heterogeneity. In order to evalu-
ate the publication bias, Egger’s test [25] and funnel plot
were used. Subgroup analyzes were performed based on
type of birth (twin or multiple pregnancies) and different
continents.

Results
After completing the search, 558 studies were retrieved
in PubMed, 893 in Scopus and 330 in Web of Science.
A total of 1781 studies were included in the review, of
which 681 were duplicated and in the first step, 1100
studies were entered into the screening stage based on
the title. After removing irrelevant studies in this stage,
190 articles were entered into the screening stage based
on the abstract. In this step, 99 studies were excluded and
in the next step, i.e., screening based on the full text, 91
studies were evaluated (Fig. 1). In this meta-analysis, 19
studies which fully met the inclusion criteria, were finally
selected for analysis. Of these, 11 were case-control stud-
ies and 8 were cohort ones. Their sample size was 263,956
women (48,696 with breast cancer and 215,260 healthy)
and 1,658,378 (63,328 twin or multiple pregnancies and
1,595,050 singleton pregnancies), respectively (Table 1).
In the first step of meta-analysis, the results of cohort
studies were evaluated and reviewed. From the 8 exam-
ined cohort studies, 10 effect sizes including the risk ratio
were extracted. The highest and lowest reported asso-
ciations belonged to the study of Wyshak et al. and Ji et
al., respectively. After combining the extracted results,
the pooled risk ratio was equal to 1.01 (RR: 1.01; 95% CI:
0.89-1.14; 12: 44.88%, P: 0.06) (Fig. 2).
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Fig. 1 Flow diagram for related article numbers which included in meta-analysis

Subgroup analyzes were performed to determine the
association between multiple pregnancies and breast
cancer incidence based on the different continents and
the type of multiple pregnancies (twins or more) and
the results have been reported in Table 2. The results
of subgroup analyze after combining cohort stud-
ies showed in the American continent, women with
multiple pregnancies were 1.27 times more likely to
develop breast cancer (RR: 1.27; 95% CI: 0.86—1.88; 12:
62.41%, P: 0.10) while this risk was 1.11 in European
women with multiple pregnancies (RR: 1.11; % 95 CI:
1.01-1.34; 12: 77.74%, P: 0.18) (Table 2). Subgroup
analysis was also performed based on the type of mul-
tiple pregnancies including twins or multiples. The
meaning of multiple births was the category of stud-
ies which did not specify the exact exposure mode. For
example, they did not specify whether the pregnancies
were twins or more than twins, like triplets or more.
Therefore, they were placed in the multiple birth cate-
gory. The meta-analysis results showed the association
between twin pregnancy and breast cancer incidence
was equal to 1.39 (RR: 1.39; 95% CI: 1.14-1.69; I2:
0.00%, P: 0.38) while for multiple pregnancies, this risk
was equal to was 0.92 (RR: 0.92; 95% CI: 0.84—1.01; I2:
12.88%, P: 0.16) (Table 2).

In the second step of meta-analysis, the results of
case-control studies were evaluated. Of the 11 selected

studies, the highest and lowest odds ratios were related
to the studies of Muphy et al. and Innes et al., respec-
tively. After combining these studies, the pooled OR
was equal to 0.89 (OR: 0.89; 95% CI: 0.83-0.95; I12:
41.73%, P: 0.07) (Figs. 3, 4). Subgroup analyzes were
performed to determine the association between mul-
tiple pregnancies and breast cancer occurrence based
on the different continents and the type of multiple
pregnancies (twins or more) and the results have been
reported in Table 2. The results of subgroup analyze
after combining case-control studies showed in the
Americas, women with multiple pregnancies were
1.03 times more likely to develop breast cancer (OR:
1.03; 95% CI: 0.89-1.18; 12: 0.00). %, P: 0.79) while in
European countries, this risk was lower and equal to
0.89 (OR: 0.89; % 95 CI: 0.79-0.92; 12: 59.51%, P: 0.04)
(Table 2). Subgroup analysis based on the type of mul-
tiple pregnancies including twins or multiples showed
the association between twin pregnancy and the
chance of breast cancer was equal to 0.90 (RR: 0.90;
95% CI: 0.82-0.99; 12: 52.22%, P: 0.03) while for mul-
tiple pregnancies, this risk was equal to 0.87 (RR: 0.87;
% 95 CI: 0.79-0.97; 12: 0.00%, P: 0.66) (Table 2).
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Risk Ratio Weight
Study with 95% CI (%)
Wyshak et al, 1983 3.20[0.42, 24.12] 0.13
Albrektsen et al, 1995 e 1.48[0.78, 2.81] 1.33
Albrektsen et al, 1995 ‘" 0.89[0.74, 1.07] 16.79
Wohlfahrt et al, 1999 1.80[0.77, 4.21] 0.75
Neale et al, 2004 : 3 0.91[0.77, 1.08] 18.82
Neale et al, 2004 : 2 1.02[0.85, 1.23] 15.90
Ji et al, 2007 [ | 0.85[0.75, 0.96] 37.78
.M. Krul et al, 2014 — 1441091, 2.27] 2.63
.M. Krul et al, 2014 — 1.33[0.84, 2.10] 2.63
Lauren E. B. et al, 2018 L 1.18[0.78, 1.78] 3.24
Overall ¢ 0.94[0.87, 1.01]
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Fig. 2 Meta-analysis of the association between multiple pregnancy and maternal risk of breast cancer by combining cohort studies from 1983 to 2022

Table 2 Subgroup analysis of the association between multiple pregnancy and maternal risk of breast cancer by combining cohort/
case-control studies from 1983 to 2022 based on type of birth and continents

Studies Variables Pooled Risk % 95 Confidence  Heterogeneity assessment Heterogeneity as-
Ratio Interval between studies sessment between
subgroup
I square P value Q test P
value
Cohort Continents
Europe 0.98 0.87-1.11 45.65% 0.18 0.70 0.40
America 127 0.86-1.88 62.41% 0.10
Type of Birth
Twin 1.39 1.14-1.69 0.00% 038 550 0.02
Multiple 091 0.85-0.99 12.88% 0.16
Case-control Continents
Europe 0.89 0.79-0.92 59.51% 0.04 485 0.03
America 1.03 0.89-1.18 0.00% 0.79
Type of Birth
Twin 0.90 0.82-0.99 52.22% 003 0.22 0.64
Multiple 0.87 0.79-0.97 0.00% 0.66

Discussion

The main goal of this meta-analysis was to determine the
association between multiple births and the incidence of
breast cancer in women. In this meta-analysis, two types
of case-control and cohort studies were examined and
analyzed. Due to the fact that these two types of stud-
ies were different in terms of the nature and method and

reporting the effect sizes, we decided to separately report
the combination of the results of these two types of stud-
ies to determine the association. On the other hand,
because breast cancer was not rare in women with mul-
tiple births according to the results of previous studies,
combining the results of these two types of studies was
not correct in terms of methodology and increased the
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Fig. 3 The funnel and Galbraith plots of the association between multiple pregnancy and maternal risk of breast cancer by combining cohort and case-

control studies from 1983 to 2022

possibility of reporting an unrealistic effect size [26—28].
The effect size is reported in case-control studies as the
odds ratio (OR) and in cohort ones as the risk ratio (RR).
The combination of these two indicators is possible
only if the desired outcome frequency in the studied
population is less than 0.05 or the desired outcome is
rare [29, 30]. However, in the present meta-analysis and
in the studies which examined the association between
multiple births and breast cancer, the prevalence of
breast cancer in women with multiple births was higher
than 0.05 [31-33]. In the combination of cohort stud-
ies, the results showed there was no significant associa-
tion between multiple births and the occurrence of breast
cancer, but the combination of the results of case-control
studies showed multiple births (twins or more) signifi-
cantly reduced the chance of developing breast cancer.
This issue can be caused by differences and changes
related to pregnancy, which occur in the final pregnancy
stages. Although high levels of estrogen, IGF-1 and
other cell division stimulators in pregnancy can lead to

the stimulation of breast cell proliferation and are a pre-
cursor to the initiation and progression towards breast
cancer, high levels of HCG and alpha-phytoprotein in
pregnancy can have a protective role against breast can-
cer by increasing apoptosis, inhibiting cell division and
enhancing differentiation, and this protective role is often
greater in the first pregnancy [34—37].

In addition, according to the results of the study of
Janssens, Jaak Ph et al., the HCG hormone has an anti-
proliferative role in the laboratory environment on can-
cer cells [38] and its levels in twin pregnancies are about
two times more than that of singleton pregnancies.
This can be a justification for the present meta-analysis
results [39-42]. In order to confirm these explanations,
according to the results of some studies, the levels of AFP
produced in the liver and a peptide which inhibits mito-
gen-activated protein kinase (MAPK or MAP kinase), are
higher in multiple pregnancies than in singleton preg-
nancies. This substance has anti-hormonal effects and
can inhibit estrogen-sensitive cells by inactivating the
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Lambe et al, 1996 | 0.88[0.79, 0.98] 42.51
Hsieh et al, 1993 —a— 1.21[0.89, 1.64] 5.04
Nasca et al, 1992 —a— 1.05[0.75, 1.47] 4.18
Innes et al, 2004 143[0.53, 3.85] 0.48
R. Troisi et al, 2012 —a— 0.81[0.57, 1.15] 3.83
Dietz et al, 1995 - 0.94[0.76, 1.16] 10.63
Polednak et al, 1983 1.33[0.16, 11.30] 0.10
Olsen et al, 1988 - 1.07[0.87, 1.32] 10.63
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Fig. 4 Meta-analysis of the association between multiple pregnancy and maternal risk of breast cancer by combining case-control studies from 1983

t0 2022

mentioned kinase, neutralizing the effect of estrogen on
them and preventing the proliferation of breast cells [41,
43-45].

An increase in the levels of estradiol, testosterone, pro-
gesterone, human chorionic gonadotropin and alpha-
fetoprotein hormones has been observed and proven
in pregnancy, and it seems the increase in human cho-
rionic gonadotropin and fetoprotein progesterone can
have a protective effect against breast cancer due to its
anti-estrogenic properties effective on the breast tis-
sue, but the association between the higher incidence
of breast cancer and the birth of twins or multiples was
first established in the 1980s [46]. The physiology of twin
and singleton pregnancy differs because higher levels of
estradiol and testosterone are observed during twin preg-
nancy and higher concentrations of follicle-stimulating
hormone and sex hormone-binding globulin are seen
after twin pregnancy [47]. These changes may affect the
incidence of hormone-responsive cancers such as breast,
endometrial, and ovarian cancers [48, 49]. Another
important point in the current meta-analysis was the
existence of a small association between multiple births
and breast cancer, which was not statistically significant.

In addition, preliminary studies have also shown a signifi-
cant association in this regard [31, 46, 50], the reason for
which can be the higher serum levels of estrogen in mul-
tiple pregnancies than in singleton pregnancies. Estrogen
stimulates the division of mammary cells and increases
hormonal activities such as cytochrome p450 which
itself activates metabolic pathways and in this way, it can
increase gene mutations and aneuploidy [51-53].

In a similar meta-analysis published by Kim, Hye Sook
et al., analyzing 17 articles published from 1983 to 2007,
different results were obtained [20]. After combining
the results, Kim, Hye Sook et al. showed twin birth was
not associated with a reduced incidence of breast can-
cer. However, subgroup analyzes for cohort studies in
this research showed the breast cancer risk tended to
decrease in women with a history of multiple births. In
the mentioned meta-analysis, the association between
multiple births, twin births and breast cancer was not
separately stated, but in our meta-analysis, in addition to
the association between multiple births and breast can-
cer, the association between twin births and breast cancer
was separately investigated in subgroup analyses. Also,
another advantage of the current study was to perform
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subgroup analyzes to separately determine the associa-
tion between multiple births, twin births and breast can-
cer in different continents. Also, different guidelines in
the field of breast cancer need to update the information,
and the present meta-analysis results can be suitable for
updating the information of these guidelines.

One of the current meta-analysis limitations was the
lack of subgroup analyzes based on important variables
such as receiving treatment, the type of treatment, time
and method of cancer diagnosis, body mass index and
age which were not examined due to non-reporting or
incomplete reporting in the initial studies.

Conclusion

The present meta-analysis results showed, in general,
multiple pregnancies were one of the preventive fac-
tors of breast cancer, but information on twin pregnan-
cies was conflicting. Therefore, it is necessary to conduct
more cohort and case-control studies with appropriate
sample sizes, taking into account important and effective
factors such as genetics, age, body mass index, receiving
treatment and type of treatment.
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