—

Soya, soya isoflavones and health effects
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Soya foods are very popular not only in Asia but now also in Europe and the USA - not least because
of the trend towards vegan and vegetarian diets as well as for sustainability reasons to reduce meat
consumption. Soya products are versatile in the kitchen and enrich a plant-based diet due to their
high nutrient density and biological value of the protein. In particular, the high phytoestrogen
content has a number of health-promoting effects [1-3]. At the same time, however, it is precisely
this content that makes people feel unsure since the opposite is often claimed on the internet and
in social media, as it is shown in the review of over 500 prints, online and social media clippings in
the period from October to December 2018 [4]. In particular, feminisation in men, reduced fertility,
breast cancer-promoting properties and adverse effects on thyroid function are concerns. However,
the current scientific literature does not confirm this but rather points to the positive health effects
of soya foods and ingredients.
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Introduction

Anyone surfing the web on soya and its health effects will find a whole range of contradictory
information, from the "super bean" to "toxic waste". The situation in the scientific literature does
not seem clear at first glance either. Around 2,000 scientific studies are published annually.
Concerns that were justified two decades ago have now been waived - such as those about adverse
effects on breast cancer patients. But opponents of soya often base their arguments on obsolete
sources and simply transfer results from in vitro studies and animal experiments to humans. Caution
is advised here, particularly with soya, because most animals, including rodents and primates,
metabolise isoflavones (phytoestrogens) significantly different than humans [5].

In 2016, Kopp Verlag, a publishing house, published a 500-page work on soya, which at first glance
seems quite reliable: “"Soja - Die ganze Wahrheit. Die Schattenseiten der ‘gesunden Ernahrung’
(original title: “The Whole Soya Story: The Dark Side of America’s Favourite Health Food"“)[6]. The
author, an American nutritionist, backs up her anti-soya campaign with hundreds of thoroughly
serious studies from reputable journals. However, and this is the crux of the matter, almost all
references to the literature date to the period before 2004, which is when the book was published
in the USA. But the German translation was published in 2016.

Often, varying research results are based on differences in the study design and the population
studied. For example, data from observational studies in Asia show a stronger correlation between
soya and health than Caucasian cohorts. The reasons are manifold. Observational studies, especially
in Asia, are mainly based on the consumption of traditional, mostly fermented soya products such
as tofu, miso, tempeh or soya milk. Studies with Caucasian cohorts or test persons often do not
reach clear-cut results because the amount of soya products consumed in Europe and the USA is
apparently too low, and especially in the USA, isolates and highly processed soya products are often
consumed [1].

Clinical trials, in turn, focus on isolated individual components, mainly soya protein and isoflavones,
sometimes in amounts that could not be ingested with conventional soya foods. However, soya
contains a number of other ingredients that have different physiological effects, both individually
and in combination. Production, processing and preparation processes also influence nutrient and
isoflavone content. Furthermore, it is also important which soya components are processed because,
just like cereals, soybeans also consist of the seed coat, seedling and endosperm. It is also relevant
whether someone has been consuming soya since childhood, from adulthood or only for the duration
of the study [2].

In recent years, more and more research has indicated that the ability to metabolise the soya
isoflavone daidzein to the more bioavailable equol differs both between individuals and depending
on the population and thus has a significant influence on the results of the studies [3, 7].

Soya foods are very popular not only in Asia but also in Europe and the USA - not least because of
the trend towards vegan and vegetarian diets but also for sustainability reasons to reduce meat
consumption. The characteristics of the popular soya foods are given in table 1.
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Table 1. Description of soya products

Soya products

Main characteristics

Edamame
Miso

Natto
Nimame
Okara

Silk tofu
Soya flakes
Soya yoghurt
Soya flour
Soya "Milk"/Soya
drink

Soya nuts
Soybean Oil

Soya sprouts
Soya sauce

Sufu
Tempeh

Textured soya (TVP,
textured vegetable
protein)

Tofu

Yuba

its own variety of soybeans; cooked unripe green soybeans, eaten directly from the
pod

Steamed soybeans, grain and water are fermented with koji (noble mould) to form
a creamy, aromatic paste.

cooked and fermented soybeans

cooked whole soybeans

soya pulp, a by-product of soya drink production

non-drained tofu with particularly high water content and pudding-like consistency
peeled, toasted soybeans, pressed into flakes

fermented product from soya drink

steamed, dried, ground soybeans

Soaked and drained soybeans are pureed, mixed with water, boiled and strained.
Legally, only the term "soya drink" may be used for such products.

dry roasted soybeans

Edible oil obtained from soybeans by pressing or extraction; as soybeans are not
suitable for cold pressing, they are refined.

The "real" soya sprouts must be cooked before consumption. In these climes, the
sprouts from the mung bean are usually called soya sprouts.

Seasoning sauce made of water, soybeans, salt and possibly grain, fermented with
special mould fungi (koji); the process can take up to five years for fine soya sauces.
similar to tofu, a fermented, cheese-like soya product

Cooked, hulled soybeans are inoculated with mould, packed in perforated plastic
bags and fermented at approx. 30°C for one day to form a firm block.

Ground soybeans are degreased in several pressing steps and brought into the
desired shape (e.g., steak, medallion, cubes, granules) by means of an
extruder.

Soya drink is coagulated with nigari (sea salt bitter extract), magnesium chloride or
calcium sulphate; the soya curd is drained and then pressed into blocks. The
production process is similar to cheese production.

skin that forms on heated soya drink and is then dried
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Sovya isoflavones

Isoflavones belong to the group of phytoestrogens. Although they are found in numerous plants,
soya stands out due to its strikingly high content.

The isoflavones contained therein are almost exclusively present as inactive glycosidic compounds.
In the gastrointestinal tract, these are then hydrolysed into aglycons, which makes them much
more readily bioavailable to humans [8]. In fermented soya foods, bacteria take over this hydrolysis
already during the fermentation process. The most important isoflavonoids in soya are genistein
(50%), daidzein (40%) and glycitein (10%) in the protein content [5, 9].

Isoflavones are similar in structure to the female sex hormone estrogen. But they are not "plant
estrogens" because they bind selectively and almost exclusively to the cell-protecting estrogen
receptor beta (ERBeta, estrogen receptor). The binding affinity to ERAlpha is marginal. Compared
to oestradiol, the binding affinity of genistein to ERAlpha is only 4%, while that of ERBeta is 87%
(more on the mode of action in the section "Breast cancer").

To determine direct interaction with the ER, the relative binding affinity (RBA) of isoflavones and some
metabolites has been determined, assuming the effect of oestradiol at 100%. An RBA of >1% was
only measured for genistein and equol, for all other isoflavones the values were between <0.01 and
0.5%, for both ERAlpha and ERBeta [10].

The term selective estrogen receptor modulator ("PhytoSERM") is, therefore, more appropriate
because soya isoflavonoids act as ERAgonists at low endogenic estrogen levels and as ERAntagonists
at high estrogen levels [11]. Pharmaceutical SERMs such as tamoxifen and raloxifene have been
used for a long time to treat breast cancer, and raloxifene is also used to treat osteoporosis [12].

Due to the estrogen-like effect of isoflavones, safety concerns have arisen in the past, especially
concerning menopausal women, especially when high amounts of isoflavones are ingested via
supplements. Based on a comprehensive evaluation of the literature, the European Food Safety
Authority (EFSA) concluded in 2015 that isoflavones in post-menopausal women with a daily intake
of 35-150 mg as supplements have no adverse effects on the mammary and thyroid glands as well
as the uterus [13].

Heavily processed soya products contain up to 90% less isoflavones than traditional and fermented soya foods, depending on the processing
method. Photograph: photo-ac.com
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Equol

One of the main reasons for the disagreement in the results of studies seems to be the different
individual ability to produce equol. Some people are able to convert the soya isoflavone daidzein
into the metabolite equol by means of certain intestinal bacteria. Among vegetarians and in Asia,
where soya products are part of the daily diet, this is on average about one in two (50-60%), in
the USA and Europe only about one in four (20-35%). However, equol is much more bioavailable
to humans than other soya isoflavones [7, 14].

Equol producers, therefore, benefit more from soya consumption because the metabolite has a
much higher affinity to bind to ERBeta than the precursor daidzein. Therefore, it is important to
determine the equol production capacity of study participants when investigating the relationship
between soya consumption and health outcomes. This is done by measuring daidzein and equol in
urine. Unfortunately, only a few studies have taken this into account. Compared to subjects who do
not consume soya food, soya consumers have a significantly higher probability of producing equol.

Regular soya consumption, therefore, seems to be positively related to the ability to produce equol

[7].

Factors influencing intestinal colonisation, such as antibiotic use or changes in nutritional habits,
thus also affect the ability to produce equol [14].

Soya consumption

Another factor in result variations is differences in soya consumption between Asian and non-Asian
countries. For example, the average intake of soya isoflavones in Japan is 23-54 mg/day, while in
the USA and Europe, it is less than 3 mg/day (Table 2). There is a clear north-south gradient with
higher intake in northern European countries, so that the range of isoflavone intake in European
countries is between 0.37 and 4.5 mg/day. Overall, it is extremely difficult to give average intakes
because of the large differences in soya consumption between populations.

Not only the intake quantity but also the isoflavone sources differ. In the USA, highly processed
soya products are the main item on the menu, while Asians eat mainly traditional and often
fermented soya foods [1]. This influences the intake of isoflavones, as their content in highly
processed soya products and depending on the processing method can decrease by up to 90% [3].

Table 2. Soya consumption per day [3], n/a = not available

Region Soya and soya food Soya protein (g) Isoflavones (mg)
(9)

USA n/a n/a 0.73-3.3

Europe n/a n/a 0.37-4.5

Vegetarians and n/a 8.42-9.25 3.2-30

soya consumers (Europe)

China 23.5-135.4 2.5-10.3 6.2-75.7

Japan 50.7-102.1 6-11.3 22.6-54.3

Korea 21.07 7.4-8.5 14.88
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In Asia, soya is typically consumed in the form of whole soybean products: edamame, nimame,
soya nuts, tempeh, natto, soya milk, tofu, yuba and okara (table 1). In the USA, soya products
made of isolated and highly processed soya components are typical: energy or protein bars made
of isolated soya protein, protein powder, drinks and ice cream based on soya protein, meat
replacement products made of textured soya protein or cereal flakes enriched with soya flour, as
well as soya isoflavone supplements [2].

The main sources of soya isoflavones are soybeans, soya protein isolate, tofu, soya milk and
fermented products such as miso, natto and tempeh. However, various factors influence the
isoflavone content (Table 3) and bioavailability: variety, climate, cultivation area, degree of
ripeness, processing or texture [3, 8].

An analysis of US and Japanese soybeans showed an isoflavone content of 1.2-4.2 mg/g. Processing
steps reduce the isoflavone content. The second generation of soya products, such as tofu, contains
only 6-20% of the isoflavone content in unprocessed soybeans [15]. Deep-freezing for 30 minutes
reduced the isoflavone content in natto by almost 45% [16]. Soya drink and tofu provide about 2
mg of isoflavones per 100 g of soya protein, whereas soya flour provides about 5 mg because the
baking process hardly influences the content [17].

Soya drink and textured soya protein (TVP) contain mainly glycosides, while tempeh, miso, natto
and fermented soya drink tend to contain aglycones due to the microbiological activity during the
ripening process. Furthermore, the bioavailability of isoflavones in the liquid matrix is higher than
in the solid matrix [3].

Recommended dosage

To benefit from the positive effects of soya isoflavones, a daily intake of 50-100 mg seems to be
appropriate [3].

Study results and recommendations often refer to the consumption of "moderate" amounts of soya
isoflavones. The American Institute for Cancer Research (AICR) defines this as one or two servings
of traditional soya products per day, and that quantities of up to three servings a day are considered
safe. A portion is defined as the quantity that provides approx. 7 g soya protein and 25 mg soya
isoflavones, which corresponds to 100 g tofu, 250 ml soya drink or 20 g soya nuts, for example.
According to the AICR, two servings a day also correspond to the quantities usually consumed in
Asia. Asian women after menopause eat on average two to three servings a day [18].

\,

Traditional soya products usually consist of the whole soybean. Photograph: Hui Wang (pixabay.com) and photo-ac.com
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Table 3. Isoflavone contents of different soya products (according to [3])

Total isoflavone

Soya product
content (mg/100g)

Soya flour 173
Raw soybeans 155
Soya flour degreased 151
Soya nuts 149
Soya protein isolate (SPI) 91
Natto 82
Yuba 45
Miso 41
Tofu 13-35
Edamame 18
Soya lecithin 16
Sufu 14
Soya drink 1-11
Okara 9
Tempeh 4
Soya sauce (Shoyu) 1
Soybean oil 0

Studies on the correlation between soya food or soya isoflavones and cancer risk show promising
results. For example, there is evidence that regular consumption of soya products can reduce the
risk of gastrointestinal cancer [19-22]. The same applies to cancer of the endometrium (uterine
lining) [23, 24]. In both cases, however, the data situation is (still) not uniform.

This is different in the case of breast and prostate cancer, two hormone-associated cancers: here,
the evidence for a preventive effect of soya or soya isoflavones is now very good.

Breast cancer

Breast cancer is the most common cancer in women and the second most common type of cancer.
Breast cancer is much less common in Asian countries than in Europe and the USA [25]. The main
factor in the different incidences of breast cancer is probably the high soya consumption in Asian
countries compared to Western eating habits.

Concerns repeatedly arise that soya foods, due to their high phytoestrogen content, have an adverse
effect on the risk of breast cancer or worsen the prognosis of breast cancer patients. However,
extensive clinical and epidemiological data shows that these concerns are unfounded [12, 26].
Furthermore, the International and Austrian Menopause Society found in a 2016 consensus paper
that high soya isoflavone intake is associated with a lower risk of breast cancer [27]. It is certain
that soya products or soya isoflavones do not increase the risk of breast cancer [28]. On the
contrary: systematic reviews and meta-analyses have shown a consistent preventive effect [29-
34]. Chen et al. [30] evaluated 35 cohort and case-control studies and showed that the intake of
soya isoflavones in Asian countries significantly reduce both the pre- and post-menopausal breast
cancer risk. Xie et al. [31] came to comparable results, who in their meta-analysis assessed the
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dose-dependent effect of isoflavone intake on the risk of pre- and post-menopausal breast cancer
in 22 observational studies. Nagata and colleagues [32] confirm the breast cancer preventive effect
of high levels of soya consumption in Japanese women, Wu et al. [33] in Chinese women. The
evaluations for women from Western countries, on the other hand, showed no correlation. This is
probably due to the generally lower soya consumption and the associated low isoflavone intake.
Surprisingly, the data from the Oxford arm of the EPIC study, which investigated the relationship
between a vegetarian diet with a high soya content and breast cancer, did not show a reduction in
breast cancer risk, although the amounts consumed were roughly the same as those of Asian
cohorts [35]. Another EPIC evaluation of more than 330,000 women from ten European countries
also found no correlation between breast cancer risk and soya or isoflavone intake [36].

These results may be due to the so-called early-intake hypothesis. According to this hypothesis,
there is strong evidence that women who regularly eat soya products in childhood and adolescence
reduce their risk of breast cancer particularly strongly [37-40]. In connection with the EPIC studies,
this hypothesis suggests that the women observed only changed or increased their soya
consumption when they reached adulthood.

Tofu and tempeh. Photograph: pixabay.com

Recurrences of breast cancer

For a long time, there was particular uncertainty among women with diagnosed breast cancer.
Previous animal studies indicated that soya could stimulate cell growth in this case. Soya isoflavones
were assumed to increase the body's estrogen concentrations through their estrogen-like effect and
cause cancer cells to grow.

Meanwhile, it has been proven that soya isoflavones act as selective estrogen receptor modulators
("phytoSERMs"). They activate above all ERBeta, which has the task of protecting against excessive
estrogen effects and slowing down the ERAlpha induced cell division.

The AICR [18] refers to the current report of the World Cancer Research Fund (WCRF) [41] to make
clear that soya products are safe for cancer patients, and the evidence is consistent.

Prospective cohort studies even show that soya improves breast cancer prognosis in both Asian and
North American women and reduces the recurrence rate [42, 43]. The best effect was observed
with a daily intake of about 11 g soya protein or 30-70 mg isoflavones [42]. In two meta-analyses
[44, 45] with over 11,000 and 6,300 breast cancer patients, respectively, soya consumption
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significantly reduced the frequency of recurrence and increased survival. No undesirable interactions
with breast cancer drugs were observed. Smaller studies [46, 47] even suggest that soya products
can support the effects of breast cancer drugs like tamoxifen and aromatase inhibitors like
Anastrozole. The Austrian Menopause Association [27] therefore points out that breast cancer
patients should be advised to take soya isoflavone-supplements.

Both in vitro and animal, as well as human studies, refute the amateurish idea that isoflavones
from soya foods act like the body’s own estrogen. Rather, they show anti-estrogenic effects and
do not seem to influence endogenous estrogen level [34, 41].

In vitro and animal studies provide insight into the physiological mechanisms behind the
protective effect of soya isoflavones. They can inhibit the proliferation of blood vessels in
tumour tissue, compete with endogenous estrogens and show additional apoptosis-promoting,
anti-angiogenetic, antioxidative and anti-inflammatory effects. This is mainly attributed to the
preferential binding of soya isoflavones to ERBeta. In contrast to ERAlpha, these act as tumour
suppressors and prevent cell growth. Activated ERAlpha, in contrast, promote cell proliferation
[10, 32, 33].

Prostate cancer

Prostate cancer is the second most common cancer in men worldwide. As with breast cancer, the
incidence is lowest in Asian countries [48]. A number of reviews and meta-analyses show a
significant inverse relationship between the consumption of soya food and soya isoflavones and the
incidences of prostate cancer for both Asians and Caucasians [49-56].

The exact mechanisms are still unclear. Androgens such as testosterone and androgen receptors
(AR) play an important role in the development of prostate carcinoma. However, soya products and
isolated soya isoflavones do not alter the testosterone concentrations in men but rather influence
AR in several ways, which ultimately appears to induce apoptosis and inhibit cancer cell growth
[56]. In addition, the described binding of preferred genistein to ERBeta and the associated
antiproliferative and proapoptotic effect could also play a role (Figure 1) since this receptor is also
expressed in epithelial prostate cells [3, 57]. Intervention studies in prostate cancer patients
generally show that isoflavone intake slows down the increase in prostate-specific antigen (PSA)
but does not significantly reduce the overall PSA concentration [58]. However, the evidence on this
is still thin. PSA is a protein produced in the prostate and is an indicator of prostate cancer. Low
levels of PSA are found in the blood of all men, while higher levels indicate that there is carcinoma
[59].

Menopausal hot flashes

Hormonal changes during menopause cause instability in the body's temperature regulation [60].
Hot flashes are the most common menopausal symptoms, which is why women seek medical advice.
About half of the women in Western countries choose complementary methods of treatment for
menopausal symptoms [61].

Similar to breast cancer, the incidence of menopausal hot flashes is significantly lower among Asian
women (18-25%) than among Caucasian women (70-85%). It is assumed that regular
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consumption of soya foods and the associated high intake of soya isoflavones, which are like
estrogen, compensates for the hormone decline in menopause [8]. Soya could thus offer some of
the advantages of the classic hormone replacement therapy, but without its undesirable side effects
[10].

In 2013, a Cochrane meta-analysis did not yet come to a conclusive result [62]. In the meantime,
however, several systematic reviews and meta-analyses [61, 63-67], as well as experts from
Cochrane Austria [60], have confirmed the inverse relationship between soya isoflavone intake,
genistein in particular, and the frequency and severity of hot flashes during and after menopause.
Compared to placebo, these symptoms are about 20-25% less frequent [64, 65] and reduce the
severity of symptoms by about 26% [64]. Clinical trials have generally investigated the effect of
isolated isoflavone supplements. It is apparent that equol-producers benefit significantly better from
the effects of soya isoflavones [66], which is why equol supplements are already being used in Asia
to treat menopausal symptoms in women who are unable to produce equol [68].

There is also a dose-response relationship. Taku et al. [64] showed in their meta-analysis that
higher-dose genistein supplements (>18.8 mg/day) were 50-200% more effective than lower-dose
ones (<18.8 mg/day). Women with frequent hot flashes may benefit more from isoflavone intake
than those with less frequent hot flashes [63].

However, the decrease in the frequency of hot flashes takes much longer compared to oestradiol
administration. Soya isoflavones need at least 48 weeks to reach 80% of their maximum effect.
This should also be considered for future study designs [64, 65, 69]. The North American Menopause
Society (NAMS) has already pointed out the efficacy of isoflavones against hot flashes in its report
for 2011 and has demonstrated this in predominantly Caucasian women in early menopause with
at least four hot flashes per day [70]. In a comprehensive review, soya isoflavones were even more
effective than many other non-hormonal drugs [69]. A position paper of the International and
Austrian Menopause Society classifies the efficacy of isoflavones in menopausal hot flashes as
evidence level 1. Soya isoflavones are therefore classified as a first-line approach for the treatment
of menopausal hot flashes [27].

Concerns that the estrogen-like effect of soya isoflavones would have adverse effects in
postmenopausal women are not supported by the present clinical and epidemiological evidence.
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Figure 1. Overview of the effects of genistein (after [56])

1 Upregulation; | downregulation; ANGPT2 = Angiopoietin 2; CDK = Cyclin-dependent kinase; CTAP = connective tissue
activation peptide; CTGF = connective tissue growth factor; EGF = Epidermal growth factor; MMPs = Matrix-
metalloproteinases; NF-kB = nuclear factor Kappa B; VEGF = Vascular endothelial growth factor

Premenstrual syndrome

Premenstrual syndrome (PMS) covers a range of psychological and physical complaints in the late
phase of the cycle, although the exact pathophysiology is unclear [11]. A few, mostly small studies
suggest that isoflavones can modulate cycle-dependent estrogen fluctuations and relieve certain
PMS symptoms [71-75]. Again, the ability to produce equol seems to play a role. Women suffering
from PMS symptoms are less likely to be equol producers. Takeda et al. [76] showed that out of 98
women without PMS, 42% were equol producers, compared to 24% of 46 PMS patients. The authors
conclude that the lack of equol-producing capacity is a risk factor for PMS. In a double-blind,
placebo-controlled cross-over study [75] of 23 women with PMS over seven menstrual cycles, taking
isolated soya protein (68 mg/day isoflavones) showed better results than placebo (milk protein):
headaches, breast tenderness, cramps and swelling were less common in the isoflavone group. In
contrast, a systematic review of 2009 [77] could not prove any correlation between soya
consumption and PMS complaints.

Nagata et al. [78] and McFadyen et al. [79] also came to this conclusion but pointed out that soya
consumption and compliance were possibly too low in their studies. Overall, the data on the effect
of soya on PMS symptoms is weak. However, there is also no evidence that soya or isoflavones
would increase PMS symptoms.
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Cardiovascular diseases

Inconsistent data situation

The data on the effect of the consumption of soya foods on cardiovascular diseases is mixed. In the
USA, the Food and Drug Administration (FDA) initiated a procedure in October 2017 [80] to re-
evaluate the health claim on soya protein and its cholesterol-lowering effect, which was approved
in 1999 [81]. In 2012, the European Food Safety Authority (EFSA) rejected the application for a
comparable Article 14 health claim because the evidence for a clear cause-effect relationship was
lacking [82]. Canada, on the other hand, approved such a claim in 2014 [83]. The situation is
similarly inconsistent when reviewing epidemiological data, although most observed a reduced risk
of cardiovascular disease, especially for (postmenopausal) women. For example, the Shanghai
Women's Health Study [84], the WHO-CARDIAC Study [85], the Japan Public Health Center-Based
(JPHC) Study Cohort I [86], the Ohsaki National Health Insurance (NHI) Cohort Study [87] and the
Takayama Study [88]. A large case-control study [89] of Chinese women and men aged 60 years
and older (about 21,000 cases and 11,000 controls) found that consumption of soya products at
least four times a week or more compared with less than once a month was associated with both
significantly reduced all-cause and myocardial infarction mortality. Again, the effect was more
pronounced in women. Another Chinese case-control study (377 cases, 753 controls) [90] found no
association between urinary isoflavone concentration (a biomarker of soya or soya isoflavone
intake) and coronary heart disease (CHD), but the sub-analysis showed a significant inverse
association between urinary equol concentration and cardiovascular risk in women.

In contrast, the evaluations of the Dutch EPIC cohort [91] and the Singapore Chinese Health Study
[92] did not find an association between the consumption of soya products and cardiovascular risk.
However, soya isoflavone intake in this cohort was extremely low (less than 1 mg/day). The
Shanghai Men's Health Study [93] even found a positive association between soya product
consumption and CHD incidence. Three current meta-analyses summarise the status of
epidemiological studies on the association between soya consumption and cardiovascular diseases
and do not allow a clear evaluation. In 2016, Lou et al. [94] could not prove any influence of soya
consumption on the risk of myocardial infarction or CHD based on the analysis of five prospective
cohort studies, while the analysis of data from six case-control studies showed a significant risk
reduction for myocardial infarction (standardised relative risk [SSR] = 0.54; 95% confidence
interval [95 % CI]: 0.34-0.87) and CHD (SSR = 0.66; 95 % CI: 0.56-0.77). The meta-analysis by
Yan et al. from 2017 [95] was somewhat more comprehensive, with ten prospective cohorts and
seven case-control studies. The authors found negative associations between soya consumption and
cardiovascular disease (SSR = 0.84; 95% CI: 0.75-0.94), risk of myocardial infarction (SSR= 0.82;
95% CI: 0.68-0.99) and CHD (SSR = 0.83; 95% CI: 0.72-0.95). A sub-analysis indicated that the
preventive effect was mainly observed in case-control studies and Asian populations. The meta-
analysis by Namazi et al. [96] published in 2018 evaluated four cohort studies on soya consumption
and cardiovascular mortality and found no significant association.
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Tofu. Photograph: Wichai Bopatay (pixabay.com)

The data on the preventive effect of soya and soya foods on cardiovascular diseases is mixed but
promising. In part, the effects can probably also be explained by replacing animal protein sources
that often go hand in hand with it.

Attempts to explain inconsistency

The inconsistency of the results so far may have various reasons. For example, the individually
different ability of the intestinal flora to produce the biologically more active metabolite equol from
the soya isoflavone daidzein apparently plays a role. In studies that take this into account, equol
producers (whose proportion is higher in Asian populations) often show more positive results or
significant improvements in cardiovascular risk parameters [90, 97-102]. Some authors [103] even
assume that equol is a key factor for the antiatherogenic effect of soya isoflavones. Menopausal
status in women is also an influencing factor due to the estrogen-modulating effect of soya
isoflavones [104].

Soya foods provide not only protein and isoflavones but numerous other ingredients that can
influence heart health. Therefore, it is not surprising that the results of studies with isolated
substances and those with traditional soya foods do not always coincide [105-107]. For example,
although the cholesterol-lowering properties of soya are mainly attributed to the isoflavone content,
other soya ingredients such as lecithin, phytosterols, saponins and B-glucans also have an influence
[108, 109].

The hypolipidemic properties of soya peptides have also been demonstrated in various research
designs. Many lower cholesterol and triglyceride levels and inhibit fat synthesis and storage. Several
meta-analyses and systematic reviews show that soya products significantly reduce total and LDL
cholesterol levels and to a clinically relevant extent [106, 110-119]. Soya isoflavones are also
potent antioxidants, specifically reducing serum levels of oxidised LDL, which plays an essential role
in the pathogenesis of atherosclerosis [102]. Another novel approach is provided by spermidine
research (box "Hopeful spermidine"). Soya is rich in peptides with ACE-inhibiting effects. ACE, the
angiotensin-converting enzyme, converts angiotensin I to the vasoconstrictor angiotensin II, thus
raising blood pressure. In this way, regular soya consumption can contribute to blood pressure
modulation, although the exact mechanisms are not yet clear [120, 121]. However, several meta-
analyses support the hypotensive effect of soya ingredients [122-125].
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Last but not least, preventive cardiovascular effects of soya foods can also be explained by the
replacement of animal protein sources with soya products, which often goes hand in hand with this,
changing the fatty acid pattern, cholesterol intake and fibre content of the diet, among other things
[112-126].

Spermidine

Research on a substance that is contained in particularly high amounts in soya products is highly
topical [127, 128]: spermidine. This natural polyamine has a life-prolonging effect and is associated
with reduced mortality from cardiovascular and cancer diseases [129-131]. Spermidine is produced
by all body cells and is found in particularly high concentrations in semen. In addition, there are
two external sources: production by certain intestinal bacteria and ingestion via food [130].
Spermidine causes an epigenetic change in the cell nucleus so that autophagy processes are
stimulated, and the cell nucleus programme is set to "youthful". In the sense of a self-cleaning
process, defective or no longer needed cell components are broken down and recycled. Autophagy
loses efficiency with advancing age, and disease-relevant deposits occur in the cells.

In 2018, an international team of researchers led by the Medical University of Innsbruck was able
to prove this effect for humans for the first time. In a prospective cohort study with 829 participants,
subjects who consumed at least 80 umol of spermidine per day in their diet had a significantly lower
mortality risk. The survival advantage of a high-spermidine diet compared to a low-spermidine diet
(less than 60 pmol/day) over the 20-year observation period was around five years [132].

Fermentation processes further increase spermidine concentrations, so fermented soya products
are particularly good sources [127, 130] and have been shown to increase blood levels of spermidine
when consumed regularly [133].

Despite opinions contrary in large parts of the population, food allergies have not increased in the
last one to two decades. According to this, the lifetime prevalence of medically diagnosed food
allergies for adults of all age groups in Germany remained at the same level from 1998 to 2011 and
is 4.7% (95% CI: 4.1-5.4) [134]. The frequency of food allergies is also usually overestimated. For
example, a recent survey in the USA [135] showed that about 19% of Americans self-report that
they have a food allergy, but in fact, only about 11% of respondents have convincing symptoms
and medical histories, and only 5% have been diagnosed with a food allergy by a doctor. The most
common food allergens were crustaceans and shellfish (2.9%), cow's milk (1.9%), peanuts (1.8%),
nuts (1.2%) and fish (0.9%). Soya, at 0.6%, was still behind eggs and wheat (0.8% each) and
about the same as walnuts and hazelnuts.

Soya allergy

Just like other foods, soya can also trigger an allergy. Although soybeans, together with cow's milk,
eggs, wheat, peanuts, nuts, fish and seafood, are among the foods that most frequently trigger
allergies, there are hardly any reliable prevalence data. A meta-analysis [136] of data from Europe
conducted in 2012 showed a prevalence of 0.3% (basis: provocation test) or 0.4% (basis: self-
report) for soya allergy across all age groups. In 2013, a review commissioned by EFSA [137]
showed that only one study from Sweden on the prevalence of soya allergy was available for
European countries, which was not based on self-reporting but clinical diagnosis. According to this,
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the prevalence was 0.2% in one-year-old children and 0.8% in 4 to 8-year-olds. Four studies with
clinical diagnoses from other countries observed prevalences between 0% (infants and toddlers up
to 2 years in Israel) and 0.6% (in 11 to 13-year-olds in the USA). In childhood, soya allergy
disappears spontaneously in many cases - in about half by school age. By the age of ten, about
70% of affected children have developed soya tolerance [138].

Immediate type

In so-called immediate-type allergy, type E immunoglobulins (IgE antibodies) react with allergens
and trigger allergic reactions. The presence of IgE antibodies is an absolute prerequisite for the
clinical expression of an allergy, i.e., the symptoms that occur. This is called allergic sensitisation.
However, allergic sensitisation can also be present without symptoms occurring on contact with the
allergen. In Germany, 25.5% (95% CI: 24.2-26.9) of adults and 20% of children and adolescents
are sensitised to at least one food allergen, but less than 5% are affected by a clinical allergy [139].

Cross-sensitivity

Pollen-associated food allergy to soya protein is a special form of soya allergy that requires primary
sensitisation to pollen, especially birch. The main allergen of soya (rGly m 4) is very similar in
structure to that of birch (rBet v 1). Therefore, cross-allergies with soya can occur in birch pollen
allergy sufferers. The prevalence of sensitisation to rGly m 4 is about 10% in Germany. The
prevalence of sensitisation to soybeans is 3.7%, significantly lower than the prevalence of
sensitisation to other commonly consumed foods such as carrots, celery, tomatoes, potatoes or rice
(Figure 2) [139].

Birch 117.4 (16.3-18.6)
Rye pollen 116.8 (15.7-17.9)
Hazel 116.2 (15.1-17.3)
Hazelnut ] 15.7 (14.6-16.8)
recombinant Birch (rBet v1) ] 15.2 (14.0-16.4)
recombinant Soya (rGly m 4) ] 10.3 (9.3-11.4)
Carrots ] 8.7 (7.8-9.5)
Celery ] 8.6 (7.8-9.4)
Peanut ] 8.0 (7.3-8.8)
Tomatoes ] 6.1 (5.5-6.9)
Wheat flour ] 5.6 (5.0-6.3)
Potatoes 5.0 (45-5.6)
Rice === 4.0 (3.5-4.6)
Lupine [mmmmm 3.9 (3.4-4.5)
Soybean [ 3.7 (3.2-4.3)
Milk protein === 1.6 (1.3-2.0)
Chicken egg white [ 1.6 (1.3-2.0) |

Figure 2. Prevalence (in percent, weighted; 95 % confidence intervals in parentheses) of sensitisation to selected allergens in
the German adult population (DEGS1, n = 7 025) (mod. after [139])
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Whether birch pollen allergy sufferers react with complaints to soya products is closely related to
the type of food and its processing. A Leipzig survey [140] showed that 72% of birch pollen allergy
sufferers were also sensitised to Gly m 4, but only some had problems. According to interviews,
soya drinks seem to lead to immediate reactions, as large amounts of low-processed soya protein
are supplied in a short time. In many other soya products, fermentation and processing processes
lead to complete or partial hydrolysis of the allergen so that the allergenicity decreases significantly.
Swiss researchers [141] arrived at comparable figures: 71% of a group of birch pollen allergy
sufferers with high Bet v 1 values also had specific IgE for the main soya allergen Gly m 4. In a
telephone survey, 70% of the patients reported consuming soya products, but only 9.6%
experienced symptoms after consumption. The concentration of Gly m 4 increases with the maturity
stage and the storage time of the soybeans. Heating, however, significantly reduces the content. In
particular, the combination of heat and fermentation seems to be particularly effective and reduces
the IgE binding capacity for the allergen by 65-99%. In highly fermented foods such as soya sauce
and miso, but also roasted soybeans, the allergen is usually no longer detectable. The highest levels
of Gly m 4 were found in soya drinks based on soya protein isolates and soya protein powder [141,
142]. Therefore, allergy sufferers can consume most products with soya components without
causing complaints [143].

Due to cross-allergies, birch pollen allergy sufferers also react to numerous other foods such as
apples, strawberries, hazelnuts, carrots, and celery. Therefore, the Federal Institute for Risk
Assessment rejects a warning label on soya products, as some call for [144], especially since the
EU Allergen Regulation already requires that packaged food must state whether it contains soya.
However, nutritionists and doctors should point out the possibility of such cross-allergies to patients
with known birch pollen allergies and advise them accordingly when choosing and preparing food.

Atopic dermatitis

Together with egg, cow's milk, peanut and wheat, soya is one of the foods most likely to trigger atopic
dermatitis in children - a chronic, intermittent, inflammatory skin condition. Children with atopic
dermatitis react to soya protein in 2-4.4% of cases. However, severe anaphylactic shocks are rare
[144]. Adolescents with atopic dermatitis show sensitisation to soya protein in 30% of cases. However,
according to a Czech study of 175 patients, less than 3% showed clinical symptoms when eating soya
products [145].

Pills - medication. Photograph: pixabay.com
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Soya protein - like some herbs, fibre, calcium supplements or medications — affects the absorption
of the T4 drug levothyroxine. Therefore, if thyroxine is taken and soya products are consumed
regularly, the dose of medication may need to be increased.

Thyroid gland

Soya has repeatedly been associated with negative effects on thyroid function, and even thyroid
cancer, especially in people with subclinical hypothyroidism (latent hypothyroidism). In this case,
the TSH (thyroid-stimulating hormone) level is elevated, but the thyroid hormones T3 and T4 are
within the normal range. It is estimated that about 5 out of 100 people have latent hypothyroidism.
In adults, the most common trigger is Hashimoto's disease, an autoimmune disorder.

As a rule, subclinical hypothyroidism is not associated with any symptoms. In the course of time,
about every second to third person with this clinical picture develops a manifest form of the disease.
The suspicion that soya isoflavones could play a role in this is not supported by meaningful long-
term studies, according to the summary of the experts from the Department of Evidence-Based
Medicine and Clinical Epidemiology at the Danube University Krems and from Cochrane Austria
[146].

Among other things, observations from animal and cell studies triggered concerns. In these studies,
the soya isoflavones genistein and daidzein were able to inhibit thyroid peroxidase activity, which
is necessary for the synthesis of thyroid hormones. However, this inhibition is reversible in the
presence of iodine [147]. Isoflavones compete with tyrosine in iodination and can thus theoretically
reduce the synthesis of thyroid hormone. However, clinical studies show that the extent of
isoflavone iodination is not clinically relevant [120, 148]. A recent review [ 28] points out that results
of studies on the effect of isoflavones on thyroid function that do not consider the iodine status of
the test persons are questionable.

From a preventive point of view, risk groups - persons with insufficient iodine supply, latent
hypothyroidism and genetically determined thyroid dysfunction — are advised against taking high-
dose isoflavone supplements. However, the consumption of conventional soya foods in quantity
common in Asian countries and corresponds to the intake of 50 mg/day of soya isoflavones is
considered safe [28]. Patients who take thyroid hormones due to hypothyroidism may have to
increase the necessary dose of medication if they consume soya foods regularly. However, this is
not because of a direct effect on the thyroid gland, but because soya protein - like some herbs,
dietary fibres, calcium supplements or medicines - can influence the absorption of the T4 drug
levothyroxine. It is usually sufficient to slightly increase the dosage of the replacement hormone to
compensate for the absorption inhibition [120].

There is no evidence that soya isoflavones affect thyroid function in people with normal thyroid
function and adequate iodine status [3, 13, 28, 149-152]. Claims that soya promotes the
development of thyroid cancer have no scientific basis. Instead, the opposite may be true: In the
San Francisco Bay Thyroid Cancer Study, consumption of soya foods was associated with a lower
risk of thyroid cancer [153].

Menopause is often accompanied by lower bone mineralisation due to the drop in estrogen.
Postmenopausal women, therefore, have an increased risk of osteoporosis and fractures. Soya
products can have a preventive effect here by contributing to the maintenance of bone mineral
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density (BMD), as the authors of several (systematic) reviews from recent years emphasise [3, 10,
27, 120, 154-156].

Large prospective cohort studies, such as the Shanghai Women's Health Study [157] and the
Singapore Chinese Health Study [158], observed a significant inverse association between soya
product intake and fracture risk. A meta-analysis found that soya isoflavone supplements
significantly increased bone mineral density and decreased bone resorption markers. The effects
were particularly pronounced in postmenopausal women and at doses above 75 mg/day [159].
Isoflavone mixtures, as also found in natural soya foods, are apparently more effective than isolated
genistein [160]. The results from epidemiological and clinical studies are promising. Nevertheless,
the evidence is currently insufficient to make concrete recommendations. Several factors such as
the dosage of isoflavone supplements, isolated soya isoflavones versus soya foods, the ability to
produce equol, study duration, population, age, gender, selected endpoints or menopausal status
make comparisons and interpretations difficult [161-164].

Testosterone levels and "feminisation"

Soya consumption for men: Epidemiological studies in populations with high soya consumption as
well as clinical studies with partly high isoflavone doses do not give cause for concern.

In social media, soya is often attributed with a feminising effect on men, a negative influence on
testosterone levels and libido and fertility disorders. Results from animal studies and individual case
reports support these fears [165, 166].

A crossover study of 99 men [167] found an inverse relationship between soya consumption and
sperm concentration, particularly in overweight and obese men, and when soya consumption was
at the upper end of the distribution (70th and 90th percentiles). Relatively, the subjects were
selected from couples with fertility disorders. Moreover, the data on soya consumption were not
detailed, and isoflavone intake was estimated by food frequency questionnaires and not determined
by blood analysis. In contrast, soya consumption had no influence on sperm motility, sperm
morphology or ejaculate volume.

In contrast, a pilot study [168] - 48 men with impaired semen quality and 10 controls - concluded
that a higher intake of the two most important soya isoflavones, genistein and daidzein, was
associated with significantly better semen quality (sperm count and motility). And the authors of a
meta-analysis [169] found no correlation between the intake of soya protein or isoflavones and
parameters of testosterone levels.

Although the scientific data is thin and partly contradictory [170], observations from epidemiological
studies in populations with high soya consumption as well as clinical studies with partly high doses
of isoflavones do not give cause for concern [3, 171, 172].

Some paediatricians advise concerned parents against soya products in childhood. According to the
Federal Centre for Nutrition (BZfE), however, there is nothing to be said against the occasional
consumption of soya products as part of a balanced diet, even in this age group. The experts only
point out that soya products that are to serve as a substitute for cow's milk should be enriched with
calcium to guarantee the calcium supply [173].
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So far, only a few, mostly small studies, exist on the influence of isoflavone intake from soya in
children. Their results indicate that soya consumption in childhood has no undesirable effects, for
example, on the sex hormone status or sexual maturity [174].

For women, the so-called "early intake" hypothesis rather assumes that the risk of breast cancer is
reduced if soya products are already regularly included in the diet during childhood and adolescence.
This is supported by several case-control studies that show a strong and consistent inverse
association between soya consumption in childhood and later breast cancer risk [37, 39, 175, 176].

In a recent US study [177] with 248 male adolescents between 12 and 18 years of age, the intake
of soya isoflavones and the time of onset of sexual maturity was assessed. The total isoflavone
intake was in a wide range between 0.8 and 54.9 mg/day. Sexual maturity tended to occur up to
five months earlier in boys with moderate and high soya consumption than in the low soya
consumption group but was still within the normal range. The same group of authors [178] came
to similar conclusions in 2014 in 339 girls aged 12-18 years and found no effect of soya consumption
on the timing of the onset of first menstruation. A study published in 2018 [179] investigated the
influence of soya protein on sexual maturity in 51 prepubertal children using Tanner stages. For a
period of one year, 29 of the subjects received 45 g of a commercially available soya protein
supplement daily. This corresponded to 0.13 mg isoflavones per kg body weight and day. The results
showed no difference between the verum and placebo groups.

Antinutritive ingredients

Raw soybeans contain antinutritive ingredients such as protease inhibitors (inhibit protein
digestion), lectins (especially soybean agglutinin [SBA], which can affect the mucosa of the small
intestine and inhibit disaccharidases and proteases) and phytates (chelating agents that reduce the
bioavailability of certain minerals, especially calcium, zinc and iron).

Soybeans can therefore not be eaten raw, and all soya foods are heated during their production.
The majority of the antinutritive ingredients are also inactivated or their content is significantly
reduced in the course of other processing steps. For example, heat (boiling, roasting) inactivates
protease inhibitors and lectins. The germination process of soybean sprouts, soaking (e.g., during
tofu or soya milk production) and fermentation reduce the phytate content in particular and thus
improve the bioavailability of minerals [180]. During fermentation, but also through soaking and
cooking, the oligosaccharide content decreases, responsible for gastrointestinal gas formation
(flatulence) [181, 182].
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The content of antinutritive ingredients in raw soybeans is reduced by heating, germination and fermentation.
Photograph: photo-ac.com
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Ecological aspects

EAT-Lancet Commission

Since the report of the EAT-Lancet Commission [183] at the beginning of 2019, it has become clear
that the menu in wealthy countries must change not only for health reasons but also for ecological
reasons. Our eating habits are already a risk to climate stability. 37 experts from 16 countries,
together with the journal The Lancet, have for the first time presented comprehensive and detailed
science-based goals for a diet that protects both human health and the planet. Based on average
eating habits in this country, these include doubling the proportion of vegetables and halving the
consumption of red meat and sugar [184]. A study by the Institute for Ecological Economics at the
Vienna University of Economics and Business Administration on behalf of WWF Austria [185] has
calculated that around a quarter of the ecological footprint of every Austrian is attributable to diet.
Meat is the largest factor — accounting for only 9% of the volume of food consumed, it causes 43%
of greenhouse gas emissions.

Vegetable protein sources such as soya play a special role as an alternative to meat in this context.
The experts of the EAT-Lancet Commission recommend an average of 25 g of soya per day as a
source of protein to reduce the amount of meat in the diet [183].

Nitrogen fertiliser

The soya plant is an ecologically valuable and very grateful crop: due to the symbiosis with nodule
bacteria in its roots, it can bind nitrogen from the air and normally manages without nitrogen
fertiliser. In this respect, soya is more efficient than other legumes. Soya plants improve the soil
structure by enriching the soil with humus and loosening it up through their distinctive root system.
They are also particularly suitable as a preceding crop in crop rotation, as they prepare the soil for
subsequent plants and reduce the need for nitrogen fertiliser [191].

Soya cultivation

The EU's main producing countries and trading partners for soya are the USA, Brazil and Argentina.
In these countries, soya is often grown in large monocultures. For this purpose, considerable areas
of rainforest are cleared every year, and grasslands and savannahs are destroyed. This is associated
with high greenhouse gas emissions, increasing soil erosion and water pollution, reduced
biodiversity and social conflicts around land use rights in the countries of origin [186]. According to
estimates, over 80% of the soya grown worldwide is genetically modified. In the main cultivation
countries, the USA and Brazil, 93% and 94% respectively genetically modified soya is grown, and
in Argentina, the figure is as high as 100%. An estimated 80% worldwide, the majority, ends up in
the trough as animal feed, mainly pig and poultry fattening. The rest goes into the production of
biodiesel and cosmetic products, and only about 5% of the global soya harvest is directly processed
into food [187]. In the EU, genetically modified soybeans are not approved for cultivation.

Consumers cannot see whether meat, eggs, or milk products come from animals fed with genetically
modified soya. This is because there is no legal obligation to label such products. For this reason,
private initiatives such as the Europe-wide Donau Soja association are committed to ensuring that
not only food soya but also soya feed increasingly comes from European production. In Austria,
milk and chicken meat production are now entirely GMO-free due to the voluntary commitment of
producers. This applies to organic food anyway due to the EU organic regulation.
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Soy from Europe and in D-A-CH

Currently, the protein gap in the EU is very large, with demand for plant protein sources significantly
exceeding the EU's own production. Therefore, the European Parliament adopted a European
strategy for the promotion of protein crops in April 2018. The demand for plant protein in Europe is
growing strongly and amounted to around 27 million tonnes of crude protein in 2016/2017. 17
million tonnes of this had to be imported, 13 million tonnes of which was soy-based alone.

The self-sufficiency level for soy in the EU was just 5% in 2018, with a production of 2.8 million
tonnes [188]. While Europe will never become self-sufficient in protein crops, increased
independence from soy imports is one of the most important issues for the future of European
agriculture. In addition, regional cultivation also stands for high environmental and quality
standards as well as freedom from genetic engineering.

Over the past two decades, numerous soy farmers from Germany and Austria have recognised this
opportunity: The areas under cultivation are steadily increasing (Figure 3) [189]. In Switzerland,
soy cultivation is difficult due to climatic conditions. But the small country is a pioneer in other ways:
as the initiator of the Basel criteria for responsible soy cultivation and as the only country in the
world that imports only sustainably certified and GMO-free soy. And: In the last four years,
Switzerland has been able to increase the share of soy from Europe from 1 to 40% [190].

Initiatives such as the Deutsche Sojaférderring e. V. (www.sojafoerderring.de), the Donau Soja
association (www.donausoja.org), the Verein Soja aus Osterreich (www.soja-aus-oesterreich.at)
and the Soja Netzwerk Schweiz (www.sojanetzwerk.ch) campaign for sustainable soy cultivation in
Europe. Unfortunately, far too few consumers know that soy grows in their region without having
to clear virgin forests.

80,000
70,000
60,000
50,000
40,000
30,000
20,000

10,000
= —

Germany Austria Switzerland

0

m2012 2018

Figure 3. Soybean cultivation areas in D-A-CH in ha (according to [117])
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Concerns about the consumption of soya food, which are frequently voiced, especially in the lay
media, are unjustified: There is no scientific evidence that soya would increase the risk of hormone-
dependent cancers or worsen PMS symptoms. On the contrary, regular soya consumption in
quantities common in Asia is even associated with positive effects in this respect.

High consumption of soya or an appropriate intake of soya isoflavones very probably even reduces
the risk of breast and prostate cancer, improves the prognosis for breast cancer patients, relieves
menopausal hot flashes, and there are indications that women with premenstrual syndrome could
also benefit from soya isoflavones.

The data on the preventive effect of soya on cardiovascular diseases is inconsistent but promising.
Some influencing variables and effective ingredients such as the isoflavone metabolite equol or the
polyamine spermidine have only recently become known and were therefore not considered in older
study designs. In post-menopausal women, the regular consumption of soya foods contributes to
bone preservation. Men need not worry about the alleged "feminising" effects of the phytoestrogens
typical of soya. And parents should whet young girls' appetites for soya foods because this is
apparently particularly effective in reducing their later risk of breast cancer. Moreover, data to date
do not give cause for concern, either in girls or boys, that soya isoflavones could have undesirable
effects on sex hormone status or sexual maturity.

Like other foods, soya protein can also be allergenic. Of particular relevance for nutritional
counselling is a possible cross-allergy with birch pollen and the advice for patients with
hypothyroidism treated with medication to avoid high-dose isoflavone preparations. Antinutritive
ingredients do not play a practically relevant role due to the processing procedures in the production
of soya foods.

In the future, the importance of soya products in the context of a health-promoting and ecologically
compatible diet is likely to increase significantly in our latitudes as well. Europe is preparing
intensively for this with a strategy to promote protein crops in the region.
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