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Abstract. Background/Aim: Soy contains genistein and
daidzein isoflavones. Isoflavones are phytoestrogens, with a
similarity in structure to human 17-f estradiol hormone. They
imitate the action of estrogen on organs by binding and
activating estrogen receptors. Numerous studies have
examined the relationship between soy consumption and
breast cancer but not the amount of consumption itself. We
performed a systematic review of the literature in order to
determine whether the amount of soy and isoflavones
consumed has a positive effect in pre- and post-menopausal
women. Materials and Methods: Data gathering was
performed following PRISMA guidelines. Narrowing down
the result set for all relevant data was performed via title,
abstract, full-text evaluation and the snowball procedure. The
selected articles had all relevant data extracted. Analysis of
the data was performed using Cochrane’s Review Manager
statistical analysis tool in order to draw conclusions
regarding the positive effect for the amount of soy and
isoflavones consumed. Results: Significant results were found
when statistically analyzing data from prospective studies
which compared soy isoflavones consumption, breast cancer
risk and occurrence. The data were indicative of a clear
inverse correlation between the amount of isoflavones
consumed and breast cancer occurrence in pre- and post-
menopausal women. Conclusion: The consumption of soy
isoflavones can reduce the risk of breast cancer in pre-
menopausal and post-menopausal women.
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Breast cancer is one of the most common forms of cancer in
females (1). During the past couple of decades, there has
been an emerging belief that dietary interventions can
significantly reduce the risk of development of breast cancer
and the mortality rate of the disease (2, 3). One of these
nutritional interventions is soy and soy isoflavones. Soy is a
species of legume plant which is native to East Asia.
Numerous studies have examined the relationship between
soy consumption, isoflavones, and breast cancer. In addition,
numerous studies are exploring the benefits of soy in cell
cultures (4, 5) and animal models (6).

Soy contains genistein and daidzein isoflavones.
Isoflavones are phytoestrogens, with a similarity in structure
to 17-p estradiol, a hormone in human females. Isoflavones
imitate the action of estrogen on organs by binding and
activating estrogen receptor (7). This results in a decrease of
estrogen production (7-9). This mechanism is why scientists
investigate the correlation between the effects of soy and the
occurrence of breast cancer. Furthermore, soy isoflavones
have been shown to reduce breast cancer cell growth through
estrogen receptor-independent inhibition of DNA
topoisomerases and tyrosine kinases, as some other studies
indicate (10-13). Moreover, genistein has anti-angiogenic
and anti-inflammatory properties, and these come from the
regulation of vascular endothelial growth factor and vascular
endothelial growth factor receptor-2 expression (14-16).
Realistically though, there is still much controversy on the
matter and what effects and outcomes soy and isoflavones
have in regards to breast cancer.

In a 2014 report on the subject by the American Institute
for Cancer Research and the World Cancer Research Fund,
which focused primarily on the effect of isoflavones intake
by soy consumption on breast cancer survival rates for
women patients, it was concluded that despite the limited
number of published studies on the matter, there exists
sufficient evidence to suggest a positive outcome. It also
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reported that higher consumption of soy and, therefore,
isoflavones post-diagnosis of breast cancer is associated with
a reduced death rate (17).

The purpose of this study was to carry out a detailed and
up-to-date review of the literature on soy consumption with
emphasis on the amount of soy and isoflavones being
consumed and how that affects breast cancer risk. It was also
investigated, via the literature, whether this effect applies to
both pre-menopausal and post-menopausal women.

Materials and Methods

Search strategy. Due to the small number of studies on the research
question, an extensive search was performed of various medical
databases such as PubMed, Medline, Google Scholar, and Embase
for articles that reported an association between soy, isoflavones,
and breast cancer. All relevant articles up to April 2021 were
included in the initial result set. The search strategy was performed
according to PRISMA guidelines (18), and the PRISMA flowchart
is given in Figure 1.

After reviewing the existing literature, the authors identified
many reviews, prospective and retrospective studies on the benefits
of soy and isoflavones in breast cancer. Despite that fact, the authors
were not able to identify any systematic reviews that analyzed
whether the amount of soy and isoflavones consumption played any
role in the manifestation of breast cancer in general. Soy is
beneficial and can reduce breast cancer risk but there was no answer
on whether different amounts of consumption increase or reduce
breast cancer risk. Therefore, our focus was on prospective studies
that not only investigated the benefits of soy in general but provided
data in regard to the amount of consumption in both pre- and post-
menopausal women.

To facilitate the search query, the following terms were used:
“soy”, “soy isoflavones”, “isoflavones”, “isoflavone”, “soy
products”, “cancer”, “breast cancer”, “breast cancer risk”, “breast
cancer survival”, “breast cancer rates”, “isoflavone breast cancer”,
“soy breast cancer”, “isoflavones breast cancer”, “soy isoflavones
breast cancer”, “soy products breast cancer”, “soy products breast
cancer outcome”, “ soy products breast cancer risk”, “soy products
breast cancer rate”, “isoflavone breast cancer outcome”, “isoflavone
breast cancer risk” and “isoflavone breast cancer rate”. The query
utilized for returning data from the four medical databases was:
((soy OR isoflavone OR isoflavones OR (soy products) OR (soy
product)) AND (breast cancer) AND (risk OR rate OR outcome OR
(mortality rate))).

In an attempt to ensure all data were appropriately extracted,
three Authors reviewed and assessed the results independently. The
resulting set was initially checked for duplicates across the four
databases, and any that were found were removed from the resulting
pool accordingly. After the initial evaluation, 441 studies were
identified: 349 of these were reviews and 14 were meta-analyses.
An initial reading of the abstracts was performed in order to exclude
any irrelevant articles that might have been included during the
initial search. The remaining articles had their entire content read
by the Authors. Pre-determined inclusion and exclusion criteria set
at the beginning of the study were applied (see below) in order to
narrow down the result set and to ensure that only relevant studies
were included. Lastly, citation mining was performed on the
remaining studies and the snowball procedure was applied in order
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Figure 1. PRISMA flow diagram for study selection.

to identify any other related articles. When all data were extracted
according to the criteria set, meaningful statistical analysis was
performed on the data in order to answer the research question.

Inclusion criteria. To include only relevant studies for reviewing,
the studies kept for the final pool had to be written in English, be
prospective, refer to isoflavones and soy consumption and the effect
they might have on breast cancer, should only refer to human
populations regardless of ethnicity, have sufficient evidence on the
consumption of isoflavones for an extended period of time, and
report on a group that lacked consumption of isoflavones for the
same period of time in order to investigate the association between
the amount of intake and the end result.

Exclusion criteria. Any alternative language publications, letters and
data were classified as irrelevant. Not meeting at least one inclusion
criterion classified a study as non-interesting for inclusion. Cell-
culture studies, although of interest, were not included due to their
heterogeneity in comparison to human population studies. Animal
studies, case series, and case reports were also deemed irrelevant
and were omitted. In the scenario of two overlapping populations,
we decided only to include both if they referred to a different region
topographically even if on the same country or, in the scenario
where the studies overlapped in topography, population and results,
only the most recent one was to be included, this was to ensure
more up-to-date data were extracted. It was assumed that
populations from the same geographic location would show
identical results.
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Table 1. Summary data from the selected studies. BC: Breast cancer.

Daily soy isoflavone consumption

BC cases, n Pre-menopausal, n Post-menopausal, n

Total

Study Country Participants, 0-15 >15 0-15 >15 BC 0-15 >15 BC BC
n mg/day  mg/day  mg/day  mg/day mg/day  mg/day cases, n

Baglia er al., China 70,578 852 182 246 27 273 606 155 761 1,034
2016 (19)
Kang et al., China 524 132 392 248 276 524
2010 (20)
Kang et al., China 288 187 101 107 181 288
2012 (21)
Morimoto et al., USA 84,550 3,578 1,191 507 150 657 3,071 1,041 4,112 4,769
2014 (22)
Yamamoto et al., Japan 21,852 94 85 50 39 89 43 44 87 179
2003 (23)
Wei et al., China 300,852 2,031 258 1,004 116 1,120 1,027 142 1,169 2,289
2019 (24)
Zhang et al., China 616 397 219 326 290 616
2012 (25)
Zhang et al., USA, Canada, 6,235 4,597 1,524 2,210 846 3056 2462 714 3,176 6,235
2017 (26) Australia
Results study, e.g., 0-15 mg/day group compared to >15 mg/day

After the evaluation, eight studies were included. All studies
selected had been performed from 2003 until 2021,
containing data from patients all around the world. The data
reported on the amount of isoflavone consumption and risk
of breast cancer diagnosed in the population. All the analyses
were performed using the Review Manager 5.1 software tool
(Cochrane, London, UK). A summary of the data extracted
can be seen in Table I.

Statistical analysis in the eight studies was performed,
trying to answer the most relevant questions in regards to soy
consumption and the prevalence of breast cancer based on the
amount of soy and isoflavones consumed and if they were at
a pre or post-menopausal stage when diagnosed. All studies
were prospective and the results were acquired by their
respective authors via food frequency questionnaires. Some
of the eight studies that were selected referred only to patients
with breast cancer (19, 21, 25), while others referred to the
general population, including a proportion of whom which
had breast cancer (19, 22-24, 26). We deemed it necessary to
include both because, despite the heterogeneity in the data,
the three studies referring only to patients with breast cancer
contained data which could be statistically analyzed in order
to lead to an answer to our research question.

Moreover, in all eight studies, the respective authors
categorized soy consumption groups in a different manner,
with some having two groups of patients (20, 21, 23, 26),
and even those two groups were categorized differently per
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group vs. 0-7 mg/day group compared to >7 mg/day group.
Others split the study cohort into three groups, others still
into three plus a control group efc. Because of all the
different study designs and data included in each study being
valuable for this review, we found it appropriate to extract
the data and partition the groups into two sub-categories, the
‘no to low consumption’ (0-15 mg/day) group and the ‘high
consumption’ (>15 mg/day) group.

For the question of whether higher dosage of soy and
isoflavone consumption affected the proportion of patients
diagnosed with breast cancer positively, with fewer cases
being assigned to the high consumption group, the statistical
analysis performed indicated a statistically significant result.
Seven studies with appropriate data were used in order to
perform the statistical analysis; one study was excluded in
order to answer this question (26) as we were unable to make
a clear distinction for the 5-15 mg/day consumption group
and it was not possible to extract the data appropriately to
provide an accurate result. As can be seen in Figure 2, the
proportion of women diagnosed with breast cancer in the 0
to 15 mg/day group was significantly higher (p<0.000001)
when compared to the group that consumed more than 15
mg/day of soy isoflavones. From the total number of breast
cancer cases, 75% (7,271 patients) belonged to the 0-15
mg/day group, while only a mere 25% (2,428 patients)
belonged to the group consuming >15 mg/day.

For the question of whether the amount of soy consumed by
the participants played a vital role in the manifestation of breast



in vivo 36: 556-562 (2022)
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Figure 2. Forest plot of the prevalence of breast cancer in women in selected studies based on the amount of isoflavones they consumed. CI:

Confidence interval.
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Figure 3. Forest plot on the prevalence of breast cancer in the total study populations based on the amount of isoflavones they consumed. CI:

Confidence interval.

cancer when compared to the total population of the studies,
the statistical analysis performed indicated a statistically
significant result (p<0.00001). Four studies with appropriate
data were used. As Figure 3 indicates, the proportion of women
belonging to the no-to-low consumption group and diagnosed
with breast cancer was 1.37% of the total population (6,555
patients) and was almost fourfold the proportion of women
belonging to the high consumption group (0.35%, 1,716
patients). Figure 3 also shows that only a small percentage of
participants, of both high and low consumption groups, were
diagnosed with breast cancer, a mere 1.73% (8,271 patients)
out of the entire population (477,832 women).

Menopausal stage can affect breast cancer (30). In order
to further investigate whether the level of soy and isoflavone
consumption can affect breast cancer occurrence, we
performed a statistical analysis on different levels of soy
intake for pre-menopausal and post-menopausal women
separately, utilizing the data of five studies that supported
such an analysis (20, 22-24, 26). Figure 4 demonstrates that
the amount of soy isoflavone consumption for pre-
menopausal women can indeed significantly influence the
risk of breast cancer in the population. Out of the total of
5,195 pre-menopausal women with breast cancer, 77.3%
(4,017) consumed 0-15 mg/day of soy and isoflavones and

were diagnosed with breast cancer, while only 22.7% (1,178)
consumed more than 15 mg/day and were diagnosed with
breast cancer (p<0.0001).

The results followed a similar pattern for women in their
post-menopausal period (p<0.00001). As can be seen in
Figure 5, the proportion of breast cancer cases for women that
had high soy isoflavone consumption in their post-
menopausal stage was less than their counterparts with lower
consumption. Out of the total of 9,305 breast cancer cases
diagnosed in these five studies, 77.5% (7,209) diagnosed with
breast cancer belonged to the 0-15 mg/day group, while only
22.5% (2,096 patients) belonged to the >15 mg/day group.

Discussion

There were several attempts by scientists to determine the
effect of daily dietary soy intake on breast cancer incidence in
women with risk factors or no previous history. In some of the
studies (20, 21, 23, 25), the models were adjusted in order to
take into consideration common risk factors associated with
breast cancer. Common risk factors include: age, earlier age
at menarche, age at diagnosis, estrogen receptor/progesterone
receptor status, smoking, alcohol consumption, menopausal
status, use of tamoxifen, education level, high fat and meat
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Figure 4. Breast cancer cases based on soy isoflavone consumption for pre-menopausal women in selected studies. CI: Confidence interval.
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Figure 5. Breast cancer cases based on soy isoflavone consumption for post-menopausal women in selected studies. C1: Confidence interval.

consumption, body mass index, family history of cancer,
radiotherapy, chemotherapy, and endocrine therapy (34).
Findings from all eight prospective studies on soy and breast
cancer association that were included in this review were
inconsistent, which may be due to different levels of soy
intake across the various studies, heterogeneity of the data,
and the different characteristics of the examined populations.
Cohort studies conducted among women with low (27-29) (<5
mg/day) or moderate (20-30 mg/day) dietary intake (22, 30)
of soy isoflavones did not demonstrate a clear association
between breast cancer risk and soy intake.

Among the that reported moderate soy
consumption, three agree with the conclusion that there is no

studies

correlation between daily consumption and the risk of breast
cancer (22, 24, 30). Nishio et al. found no significant
association between consumption of soy products and breast
cancer risk (30), while Morimoto et al. mentioned that in the
Japanese American, Native Hawaiian or Latina population
subgroups in which the median isoflavone intake was higher
than other ethnic groups, they did not find a statistically
significant association between high absolute isoflavone
intake and overall breast cancer risk (22). In a study
performed by Wei et al. in over 300,000 women across
China, the dose-response meta-analysis that was performed
on the data failed to reject the linearity assumption between
breast cancer risk and soy isoflavone intake (24).
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In two of the studies in which the amount of intake was
compared between more than two groups (19, 23), it was
found that there was a reduced breast cancer risk for the group
with the highest soy consumption when compared to women
of the lowest consumption group. Baglia et al. reported that
high soy intake during adolescence and adulthood was
associated with reduced pre-menopausal breast cancer risk
[hazard ratio=0.53, 95% confidence interval (CI)=0.32-0.88]
(19). Similarly, Yamamoto et al. found statistically significant
inverse associations between consumption of miso soup and
isoflavones in general and breast cancer risk (23). When
comparing with women in the lowest quartile of their
population pool, higher consumption quartiles had adjusted
relative risk of breast cancer of 0.76 (95% CI=0.47 to 1.2),
0.90 (95% CI=0.56 to 1.5) and 0.46 (95% CI=0.25 to 0.84).

Accordingly, in our own statistical analysis of the data
combined from these eight studies, all comparisons were of
great significance and showed a favorable outcome for the
group with high soy and isoflavone consumption (>15
mg/day) when compared to the low consumption group (0-
15 mg/day) in all questions the authors attempted to answer
via statistical analysis. Initially, out of the 9,699 patients that
were diagnosed with breast cancer in seven of the studies
(19-25), only a quarter (25%) belonged to the high
consumption group, with most belonging to the group that
consumed none or up to 15 mg/day of soy and isoflavones.
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The odds ratio (OR) of 7.01 (95% CI=6.58-7.47) in the
forest plot of Figure 2 clearly shows consumption of >15
mg/day is favored when compared to 0-15 mg/day.
Interestingly, in the four studies that examined soy
consumption in the general population (19, 22-24), a very
low proportion were diagnosed with breast cancer (1.73%)
despite their menopausal stage and again only a fraction
belonged to the high consumption group (0.35% for >15
mg/day as opposed to 1.37% for 0-15 mg/day), with an OR
of 391 (95% CI=3.71 to 4.13) supporting the favorable
effect of high soy consumption.

During the data extraction, a clear distinction between pre-
and post-menopausal patients with breast cancer was made
by all authors (19-26). Being aware that menopausal stage is
a risk factor for breast cancer occurrence allowed us to
investigate further how beneficial the amount of soy
consumption is, excluding menopausal stage as a risk factor.
In our two analyses performed separately on pre-and post-
menopausal women, the findings were quite interesting. Of
pre-menopausal patients with breast cancer, only 22.7%
consumed more than 15 mg/day of soy and isoflavones while
the remaining 77.3% consumed none or up to 15 mg/day.
This finding reflected the favorable association of higher
consumption with fewer cases in the whole patient population
(OR=10.46, 95% CI=9.56-11.44). The higher the consumption
of soy/soy isoflavones, the lower the proportion of patients
with breast cancer. As expected, a similar result was shown
from the data analysis of post-menopausal patients with
breast cancer (OR=11.33,95% CI=10.58-12.13), with 77.5%
of the cases belonging to the 0-15 mg/day group.

Conclusion

Some studies in the past attempted to correlate the consumption
of soy isoflavones and breast cancer, whether that was
recurrence or first diagnosis. Most of these studies were
inconclusive, and some of them showed a statistically
significant result only for post-menopausal women. The most
recent systematic review performed on the subject was
completed 6 years ago. Since then, a variety of new studies
were conducted across the globe. In this study, we have
concluded that soy consumption and, therefore, isoflavone
intake is beneficial for breast cancer prognosis and lowers breast
cancer manifestation. Women with high soy and isoflavone
consumption have a lower risk of being diagnosed with breast
cancer when compared to women that do not have soy in their
dietary plan. Scientists should continue investigating soy and its
beneficial properties and hopefully use it appropriately to
minimize the risk of breast cancer manifestation.
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