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ARTICLE INFO ABSTRACT

Keywords: The relationship between soy intake (SI) and breast cancer (BC) has been widely investigated with limited in-
Food science formation on the significance of hormone receptor status of BC on the association. This study assessed the
Epidemiology relationship between SI and BC risk in the context of oestrogen receptor (ER) status of BC. We meta-analyzed data
I(\:I?thl:iet;ofseamh from published studies on SI and BC after a methodical search of EMBASE, PubMed and Cochrane Library through
Soy December 2019. Summary estimates with 95% confidence intervals (CI) were presented using a random-effects

model. Eighteen (5 cohorts and 13 case-control) studies, were included in this meta-analysis and SI was
inversely associated with BC risk [OR (95%) for highest vs. lowest soy food intake = 0.88 (0.84-0.92), P < 0.001,
P = 76.1%, Egger's p-value = 0.425] among all women. The inverse relationship was stronger among premen-
opausal women [OR (95%) = 0.79 (0.71-0.87), P < 0.001, I = 77.3%, Egger's p-value = 0.644]. In addition, SI
was inversely associated with BC risk among ER-negative (-) BC women [OR (95%) = 0.71 (0.57-0.90), P =
0.013, P= 72.0%, Egger's p-value = 0.355] and among ER-positive (+) BC women [OR (95%) = 0.87 (0.79-0.96),
P = 0.008 P = 74.6%, Egger's p-value = 0.061]. SI appears inversely associated with BC risk, with a stronger

Breast cancer
Oestrogen receptor
Meta-analysis

inverse association among pre-menopausal and ER-negative BC women.

1. Introduction

Breast cancer (BC) is a predominant form of cancer among women
[11, with a higher incidence among women from the Western population
[2]. It is a leading cause of death among women in China [3], with over
1.6 million cases and 1.2 million BC-related annual deaths [4]. Also, Soy
is a customary foodstuff among Asians [5] and has been extensively
associated with BC risk. Several population-based studies have reported
the relationship between higher dietary soy intake (SI) and BC risk; some
found an inverse relationship [6, 7], some an aggressive relationship [8]
and others no relationship [9].

Manipulating the metabolism and impact of sex hormones on mam-
mary tissues has been an effective stratagem for BC management. For
example, blocking estrogen action/production has been widely used as
adjuvant therapy in BC treatment [10]. However, consensus on the sig-
nificance of dietary SI in BC risk, taking into account BC hormone re-
ceptor status (HRS) is lacking.

* Corresponding author.

Shu et al [10] reported the potential effect of SI on BC recurrence and
mortality differed by HRS of BC tumours. In that study, dietary SI was
inversely associated with BC risk among women with estrogen
receptor-positive (ER+) BC tumour but not among those with estrogen
receptor-negative (ER-) BC tumours. These findings were similar to re-
ports from Kang et al [11] and Zhang et al [12]. Contrariwise, Zhang et al
[13] alongside recently published findings by Baglia et al [7] reported
the SI-BC link is independent of HRS.

These disparities in the conclusion of previously published studies
(likely as a result of choice of population, sample size, magnitude and
time of exposure to SI as well as study designs among others) promotes
complicity in drawing lucid conclusions on whether HRS (particularly
oestrogen) of BC phenotypes modifies SI-BC link. Furthermore, despite
several systematic reviews and meta-analysis [14, 15, 16, 17, 18, 19, 20]
on this subject, none has been able to summarize evidence on the sig-
nificance of HRS on the SI-BC relationship.
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In the light of these gaps, we attempted to explore the relationship of
SI and BC risk using a meta-analysis of previously published studies
stratified by ER status of BC to offer substantial evidence that informs
well-articulated public health advisory on dietary SI.

2. Materials and methods
2.1. Search strategy

First, our meta-analysis was prospectively catalogued in PROSPERO
electronic records (CRD42017065249) and conducted using MOOSE
guidelines [21]. To identify previously published studies for the
meta-analysis, two members of the review team independently searched
electronic databases; Cochrane Library, PubMed and EMBASE through
December 2019. The search was conducted without restriction using a
permutation of the following structured terms alone or in combination;
“breast cancer” or “breast tumour” and “soy” or “soy intake” or “tofu” or
“soy food” or “soybean” or “isoflavones”. Also, a manual search of the
reference list and supplementary files of retrieved articles was carried out
for additional data. The principle, method and report of the literature
search strategy for the meta-analysis are presented in Figure 1.

Articles were included in the meta-analysis after meeting the
following pre-defined criteria: (a) the morbidity endpoint of significance
was BC among women; (b) the exposure of interest was the consumption
of soy foods/protein or soy-based foods evaluated >12 months before
diagnosis; (c) reported risk estimates (95%CI) with multivariate adjust-
ment for confounding variables; and (d) reported data to compute these
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estimates [e.g., the incidence of BC or BCR (breast cancer re-occurrence)
in the same study or differently]. Two reviewers autonomously appraised
titles and abstracts of retrieved articles about the eligibility for inclusion.
Full-length articles only were considered, but abstracts, in-vitro studies,
animal studies, case reports, reviews, articles with unpublished infor-
mation and/or language of publication is not the English language were
excluded. Also, any contrast in the assessment was harmonized either by
consensus or by recourse to a third reviewer. Where data overlap was
observed among published studies, the study with detailed information
was included. Where eligibility of article(s) for inclusion was uncertain
among reviewers, a full-text copy was obtained and resolved accordingly.

2.2. Data extraction

Authors' name, publication year, geographical region, study name,
study population, the measure of exposure, disease endpoint, incidence
BC/BCR, BC/BCR cases, ascertainment and range of exposure were
collected using a predefined data collection form. Data extraction was
implemented independently by two reviewers, and inconsistencies were
resolved upon repeated examination of the studies or/and in recourse to
a third reviewer.

2.3. Quality evaluation of studies

Using the Newcastle-Ottawa Scale (NOS) checklist [22], we evaluated
the quality of observational studies included in our meta-analysis and
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Figure 1. PRISMA flowchart study selection in the meta-analysis.
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risk of bias in the light of the following parameters; selection, compa-
rability and exposure/outcome.

2.4. Statistical analysis

Statistical analyses were carried out using STATA 12.1, StataCorp
USA. Using the Mantel-Haenszel method, we meta-analyzed data on
cases/incidence and population in the highest compare to the lowest
quantiles of soy intake exposure using the random effect model (REM)
which takes into cognizance between- and within study variations, to
obtain more conservative estimates compared to the fixed effect model.
Also, subgroup analyses according to estrogen receptor BC phenotypes,
menopausal status and population differences of women in this study
were explored to test the effect of these variations on the overall finding
of this meta-analysis. The summary measures were presented as forest
plots where the size of data markers (squares) corresponds to the inverse
of the variance of the natural logarithm of risk difference from each
study, and the diamond indicates odds ratio.

Heterogeneity of the overall estimates and the extent of variability
across studies were computed using P-test statistics, and where sub-
stantial heterogeneity (i.e. P exceeded 50% or P < 0.05) was observed, a
REM was applied to obtain effect estimates; else a fixed-effect model
(FEM) was considered. The FEM postulate that observed risk differences
were an after-effect of chance. REM assumes relative risk (RR)/odds ratio
(OR) in the different studies is not similar but follows a symmetrical
distribution. Probabilities were two-tailed and P < 0.05 was considered
statistically significant. The area of the black square of the forest plots
connotes the weighted contribution of each study. Sensitivity analysis
and publication bias of the results were evaluated using the leave-one-out
method and Begg's funnel plots (statistically assessed using Egger's
regression intercept test) respectively.

3. Results
3.1. Literature search

The PRISMA flowchart summarizing the process of the study selection
is described in Figure 1. We identified an initial record of 4,616 from the
primary literature search and 1,080 duplicates records were excluded.
After examining titles and abstracts, 3,536 records were excluded and
105 studies were included for full-text assessment. Seventy-eight studies
that did not meet the inclusion criteria were excluded, and a total of 27
studies met the inclusion criteria for the qualitative data mining.
Furthermore, 7 studies [9, 23, 24, 25, 26, 27, 28] were excluded in the
meta-analysis given the lack of sufficient information for the quantitative
review. In all, 18 studies involving 5 cohort studies (BC incidence [6, 7,
29], BC recurrence [10, 30]) and 13 case-control studies [31, 32, 33, 34,
35, 36, 37, 38, 39, 40, 41, 42, 43] on SI and BC were included in the
meta-analysis after excluding 8 studies where exposure to soy-based
foods was not clearly defined.

3.2. Characteristics of the included studies

Characteristics of studies included in the meta-analysis are summa-
rized in Tables S1 and S2. Studies included were conducted in the
following geographical locations; the USA, Germany, China, Singapore,
Korea and Japan and published between 1996 and 2017.

Also, methodological quality evaluation of studies included in the
meta-analysis is presented in SM Table S4. Low risk of bias was observed
among most of the studies included in the meta-analysis.

3.3. Soy intake and risk of BC
Higher SI was associated with reduced risk of BC in all studies OR

(95%CI): 0.88 (0.84-0.92), P < 0.001, P = 76.1%, Egger's p-value =
0.108 (Table 1 and Figure S1). The relationship was attenuated among
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cohort studies; RR (95%CI): 0.96 (0.84-1.09), P = 0.511, P= 72.5%,
Egger's P-value = 0.838 but remained among case-control studies; OR
(95%CI): 0.86 (0.82-0.91), P < 0.001, P= 77.9%, Egger's P-value =
0.445.

Also, stratifying the meta-analysis by HRS of BC tumors among
women (Table 2 and Figure 2), we found higher SI was associated with
reduced risk of BC; OR (95%CI): 0.87 (0.79-0.96), P = 0.008, P= 74.6%,
and Egger's P-value = 0.061 among women with BC tumors sensitivity to
oestrogen hormone (ER+). Similarly, odds of BC for higher SI was; OR
(95%CI): 0.88 (0.79-0.98), P = 0.016, P= 81.5%, Egger's p-value =
0.083 among ER + post-menopausal women.

On the other hand, the SI-BC risk relationship was stronger; OR (95%
CD: 0.71 (0.57-0.90), P = 0.013, P= 72.0%, Egger's p-value = 0.355
among women with ER- BC tumors sensitivities. Similarly, the OR (95%
CI) of BC risk among ER~ post-menopausal women was 0.73 (0.58-0.91),
P = 0.006, I’ = 80.2%, Egger's P-value = 0.501. Also, higher SI-BC link
was significantly protective (though the relationship appears stronger
among premenopausal women) independent of menopausal status
(Table 3).

Furthermore, higher SI exposure was inversely associated with
reduced risk of BC independent of the ethnic setting (Table S5); Asian
populations OR (95%CI): 0.88 (0.82-0.94), P < 0.001, P = 79.5%,
Egger's P-value = 0.243 and Western populations; OR (95%CI): 0.88
(0.85-0.93), P = < 0.001, P= 58.3%, Egger's P-value = 0.186. Similarly,
stratification of our meta-analysis by QoS revealed SI was associated with
BC risk (though slightly attenuated) independent of the QoS.

3.4. Publication bias

Begg's funnel plots and Egger regression test (Figure 3 and Figure S2)
suggested no significant evidence of publication bias for the studies
included in the meta-analysis.

3.5. Sensitivity analysis

The strength of individual study on the overall results of the meta-
analysis was evaluated by excluding individual study at a time to test
the presence of significant alterations in the overall result of the meta-
analysis (Table S6). In brief, few studies exerted profound but insignifi-
cant weight on the overall results of the meta-analysis.

4. Discussion

The SI-BC link has been explored by some reviews and meta-analysis
[14, 15, 17, 19, 20, 44, 45, 46, 47] and reports [7, 20, 29, 41] with a
limited conclusion on the significance of HRS. Our report being the first
revealed higher SI is not only inversely with BC risk, but also the pro-
tective relationship is stronger among ER- BC and premenopausal
women. As against previous meta-analyses (Table S3), our meta-analysis
presents data on the significance of HRS in the relationship between SI
and BC risk.

Soy is a healthy, exceptional and inexpensive source of functional
nutrients such as protein, fibre and saponin [48]. Isoflavone from soy has
been widely reported in epidemiological studies to be primarily
responsible for the protective SI-BC link [47]. Isoflavone is not singly
consumed in the diet and as well perhaps not the only functional com-
pound reported to improving BC risk in soy. For example, soy is the sole
vegetable source with complete protein alongside high and low poly-
unsaturated and saturated fats content respectively [48].

In addition, Lima et al [49] have reported the inhibitory potential of
soy protein extract on cellular matrix metalloproteases (MMP-9). MMP-9
are enzymes (from Zn-dependent neutral endopeptidases) expressed in
tumour invasion and metastasis. Soy-protein also likely exerts inhibitory
potential on BC progression and metastasis by acting as MMP-9 inhibitors
thereby reducing BC risk. Yan et al [50], also demonstrated the signifi-
cant potential of soy protein extract intakes in alleviating metastasis of
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Table 1. Overall estimates, 95% CI, I? and Egger's P-value in the meta-analysis.

N Effect estimate (95% CI) P-value P (%) Egger's P-value
All studies 18 0.88 (0.84-0.92) <0.001 76.11 0.425
RR for Cohort studies only 5 0.96 (0.84-1.09) 0.511 72.50 0.838
OR for Case control studies only 13 0.86 (0.82-0.91) <0.001 77.98 0.445
N = number of studies.
RR - relative risk.
OR - odds ratio.
¥ Includes both cohort and case-control studies.
Table 2. Odds ratio of subgroup analysis by estrogen receptor status in the meta-analysis.
N RR/OR (95% CI) P-value (%) Egger's P-value
ER +
All studies’ 4 0.87 (0.79-0.96) 0.008 74.64 0.061
Pre-menopausali 1 0.65 (0.32-1.32)* 0.120*
Post- menopausal’ 3 0.88 (0.79-0.98) 0.016 81.58 0.083
ER-
All studies’ 4 0.71 (0.57-0.90) 0.013 72.04 0.355
Pre-menopausal’ 1 0.78 (0.14-4.44)* 0.611*
Post- menopausal1 3 0.73 (0.58-0.91) 0.006 80.25 0.501
N = number of studies.
" Case-control studies only.
" Data from individual study.
Risk ratio Risk ratio
Study — (95% Cl) % Weight Study — (95% Cl) % Weight
Zainnedin et al (2012) 0.93 (0.82,1.05) 61.1 Zainnedin et al (2012) - 0.69 (0.50,0.94) 57.8
Suzuki et al (2008) 0.87 (0.71,1.05) 28.4 Suzuki et al (2008) 1.04 (0.72,1.50) 26.4
Cho et al(2010)pre 1 0.74 (0.51,1.06) 6.6 Cho et al(2010)pre 4H7 0.46 (0.14,1.59) 45
Choetal(2010)post< g 0.21 (0.09,0.51) 3.9 Choetal(2010)post g 0.20 (0.07,0.55) 1.3
Overall (95% Cl) @ 0.87 (0.79,0.96) Overall (95% CI) <> 0.71 (0.57,0.90)
I | I [} | I
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Zainnedin et al (2012) 0.93 (0.82,1.05) 65.4 Zainnedin et al (2012) 0.69 (0.50,0.94) 60.5
Suzuki et al (2008) 0.87 (0.71,1.05) 30.4 Suzuki et al (2008) 1.04 (0.72,1.50) 277
Choetal(2010)poste gg 0.21 (0.09,0.51) 42 Choetal(2010)post i 0.20 (0.07,0.55) 11.9
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Figure 2. Forest plots of for higher dietary soy intake and risk of breast cancer for all ER + women (A), all ER- women only (B), ER + postmenopausal women only (C)

and ER- postmenopausal women (D).

BC in mice models. Similarly, Farvid et al [51] recently reported
decreased BC risk (due to higher fibre intakes) in a cohort of premeno-
pausal women after 20 years of follow-up. In the same vein, a recent
meta-analysis reported fibre consumption was significantly associated

with a reduced BC risk, particularly among postmenopausal women [52].
Also, soy saponins have been suggested via multiple mechanisms to be
involved in the anti-cancer effect of soy [53].
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Table 3. Subgroup analysis by menopausal status in the meta-analysis.

N RR/OR (95% CI) P-value P (%) Egger's P-value
Premenopausal
All studies’ 0.79 (0.71-0.87) <0.001 77.31 0.644
RR for Cohort studies only 0.50 (0.35-0.70) <0.001 53.27 0.258
OR for Case control studies only 0.85 (0.76-0.94) <0.001 77.99 0.559
Postmenopausal
All studies 11 0.88 (0.83-0.94) <0.001 91.95 0.047
RR for Cohort studies only 0.94 (0.78-1.14) 0.546 58.50 0.095
OR for Case control studies only 0.87 (0.81-0.93) <0.001 64.32 0.119
N = number of studies.
RR - relative risk.
OR - odds ratio.
* Includes both cohort and case-control studies.
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Figure 3. Begg's plots for higher dietary soy intake and risk of breast cancer for all ER + women (A), ER + postmenopausal women only (B), all ER- women only (C),
ER- postmenopausal women (D) and Egger's regression intercept test for higher dietary soy intake and risk of breast cancer for all ER + women (E), ER + post-
menopausal women only (F), all ER- women only (G), ER- postmenopausal women (H).

Moreover, the anti-carcinogenic effects of isoflavone (from soy) on BC
in culture medium [54, 55, 56], animal model [57] and some human
trials [7, 24, 32] is worth mentioning but also subject to debate because
of its anti-estrogenic effects [58]. On one hand, isoflavones from soy
potentially inhibit tumorigenesis by blocking the enzymes crucial for
DNA replication, signal transduction and metastasis [59, 60], suppress
the invasiveness of BC cell (through series of interlinked cellular pro-
cesses) by inhibiting the transcription of NF-kappaB/AP-1-dependent
and -independent pathways to promote the down-regulation of
urokinase-type plasminogen activator in the BC cell MDA-MB-231 [54].
On the other hand, isoflavone can bind to oestrogen receptors (given it is
stereo-chemically associated with oestrogen) and thus potentially
compete for the same receptor binding with oestrogen — a BC sensitive

hormone. At elevated oestrogen levels, oestrogen affinity increases
endogenously and isoflavone effect on BC is weakened thus alleviating
BC risk may be more or less weakened [55]. This may account for why
some trials [61, 62] reported a null association of isoflavone-BC link.
Our finding that the SI-BC risk appears stronger among ER- BC is in
tandem with the suggestion of Stubert and Gerber [63] (largely attributable
to the unreliability of oestrogenic behaviour of isoflavone (a rich compo-
nent of soy) and a report by Touillaud et al [64]. This can be explained in
several ways. First, an isoflavone from soy exerts weak oestrogen-like effect
which has been suggested may in some cases stimulate BC metastasis.
Under the physiological condition of elevated oestrogen levels, isoflavone
competes poorly for the hormone receptor binding sites thereby and thus,
exert additional proliferative effect [63]. For example, the additional
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tumour proliferative potential of genistein — a type of isoflavone at physi-
ologically elevated oestrogen level has been demonstrated using mouse
model [65]. To further validate this observation, an observed lessen tumour
growth among soy-fed BALB/c mice upon injection with ER — human BC
cells have been reported in Yan et al [50] and Kim et al [66].

Second, the physiological functions of oestrogen receptor in various
organs (especially in the reproductive systems) are largely coordinated
by proteins referred to as oestrogen receptor subtypes alpha (ERa) and
beta (ERf) [67]. The ERa and ERf are primarily localized in (but not
limited to) the mammary tissues and the granulose cells of the ovaries
among women respectively [68]. Even though there exists a universal
physiological function between these proteins, ERf exerts an antagonistic
potential on the ERa sensitivity — induced hyper-proliferation tumours
(in signal transduction primarily activated by oestrogen) in mammary
and uterus tissues [68, 69]. In absence of such oestrogen-sensitivities to
activate ERa, the synergistic effect of ER and SI likely promotes a
stronger combined anti-proliferative and anti-carcinogenic effect
responsible for a potentially stronger protective association of SI-BC link
among ER- BC subjects. The entire biological processes are not clearly
understood and further studies are necessary.

Furthermore, previous reports [14, 18, 19] had mixed conclusions on
the modifying effect of menopausal status on SI-BC risk. In our study,
aside from observing the protective SI-BC link among women indepen-
dent of menopausal status, the association appears stronger among pre-
menopausal women. Baglia et al [7] in a recent longitudinal cohort
reported similar findings predominantly among premenopausal women
after 13.2year of follow-up. In that study, higher adult SI was protectively
associated with postmenopausal BC risk. Also, Yamamoto et al [6] in a
9-year prospective study reported similar findings among post-
menopausal women. Most women who participated in that study were
already reaching (or at) postmenopausal status at baseline. Soy has been
reported as a viable therapeutic regimen in slowing down menopausal
symptoms [70, 71] and this perhaps offers a clue into the significance of
menopausal status in the SI-BC risk association observed in our study.
Independent of these differences, early long-term exposure to SI may be
encouraged.

Collection of reports by ethnic origin in our study revealed SI had an
inverse association with BC risk among Asian descent as other pop-
ulations. Soy is a conspicuously consumed staple among Asians. Con-
sumption of soy probably promotes intestinal capacities to significantly
digest isoflavone in an effortlessly absorbable form. Metabolic activities
of the intestinal microbiota are crucial to the physiological effect of
isoflavones [72] and a pointer to the valuable role of soy on human
health [73].

Despite the protective association of soy on BC risk has not
enjoyed a consensus from previously published trials; it appears level-
headed to promote soy consumption particularly early in the growth
cycle given substantial evidence on the protective relationship of
higher SI reported in observational studies. However, cross-cultural
long-term trials are necessary (to appropriately discern the signifi-
cance of HRS in the SI-BC link) taking into consideration functional
components of soy, and the multifaceted interdependent signal
transduction in BC angiogenesis.

4.1. Study limitations

Limitations evident in our study are worth mentioning. First, the es-
trogen receptor is not the only hormone receptor with an important role
in breast cancer pathogenesis; our study only investigated the estrogen
receptor. Other hormone receptors could not be explored due to the
insufficiency of data. Second, most reports in this meta-analysis are case-
control in design. Published cohort studies on SI-BC link taking into
consideration previous history of SI stratified by hormone receptor status
as well as those from non-Asian descents (most especially African pop-
ulation) are quite still limited. Our findings should be interpreted with
caution particularly, in the light of limited longitudinal reports exploring
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the significance of hormone receptor status in the SI-BC relationship.
Third, a significant amount of heterogeneity largely attributable to di-
versity in SI measurements exists in our study and substantial variation in
adjustment for potential confounding variables across studies. The pri-
mary exposure in our study is soy. It is scarcely consumed singly but
related to different soy-rich foods such as soybeans, tofu, soy milk, soy
spread, etc. However, the sensitivity analysis and quality assessment of
studies downplayed this limitation given that overall estimate of SI-BC
link (though slightly attenuated) remained.

4.2. Conclusion and future directions

Higher SI is potentially associated with lessening of BC risk among
women independent of oestrogen receptor BC phenotypes. The probable
beneficial role of soy consumption in BC prevention and management
stems from its functional component(s), and the inevitability of multi-
centre longitudinal study with homogeneous quantitation of soy con-
sumption (adjusting for intestinal proficiency for soy metabolization) is
crucial in validating our findings.
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