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Abstract

Soy consumption is a millenary habit of populations of the eastern world and has recently increased in the western
world. The risks and benefits of this practice have been extensively studied, with a current fundamental need of
integration of available information. The aim of this study was to carry out an integrative review on this topic, in
order to consolidate the available information. Based on the main question: “What is the impact of soy consumption
on human health?”, were reviewed publications classified as original articles and reviews published from 1998 to
2020 in the databases Scopus, PubMed, SciELO, Web of Science, and Cochrane Library. A total of 97 studies were
selected. In the present review were described the general impact of soy on human health and its protein quality,
the effects of early exposure using soy formulas, and the effects of soy consumption on breast cancer, endometrial
and ovarian cancer, prostate cancer, gastrointestinal cancer, cardiovascular disease, glucose metabolism and type 2
diabetes, obesity, reproductive health, menopause, female and male osteoporosis, microbiota, immunity and
immunomodulation, thyroid function, attention-deficit hyperactivity disorder, and renal function.
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Resumo

O consumo de soja é um habito milenar de popula¢des do mundo oriental e aumentou recentemente no mundo
ocidental. Os riscos e beneficios dessa pratica tém sido extensivamente estudados, com uma necessidade
fundamental atual de integracdo das informacdes disponiveis. O objetivo deste estudo foi realizar uma revisdo
integrativa sobre este tema, a fim de consolidar as informagdes disponiveis. Com base na principal questdo: “Qual
o impacto do consumo de soja na saude humana?”, foram revistas publica¢bes classificadas como artigos originais
e revisdes publicadas de 1998 a 2020 nas bases de dados Scopus, PubMed, SciELO, Web of Science e Cochrane
Library. Foram selecionados 97 estudos. Na presente revisdo, foram descritos o impacto geral da soja sobre a saude
humana e sua qualidade proteica, os efeitos da exposicdo precoce com féormulas de soja e os efeitos do consumo
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de soja no cancer de mama, endometrial e ovariano, cancer de prostata, cancer gastrointestinal, doenca
cardiovascular, doencas do metabolismo da glicose e diabetes do tipo 2, obesidade, satde reprodutiva, menopausa,
osteoporose feminina e masculina, microbiota, imunidade e imunomodulacdo, funcdo da tireoide, disturbio de
déficit de atengdo e hiperatividade, e funcdo renal.

Palavras-chave: Soja; Genisteina; Isoflavona; Fitoestrégeno; Saude; Cancer; Nutricdo.

1 Introduction

Soy and the food products that use it as an ingredient such as oils, salads, tofu, sauces, liquids and
supplements, among others, have been consumed for decades in Asian countries. Soybeans contain
approximately 40% proteins, 15% mono/oligosaccharides, 15% fibers, and 20% lipids. They also contain
micronutrients such as zinc, copper, potassium, phosphorus, magnesium, B vitamins and vitamin C. Soybean
plants are legumes belonging to the same family as that of beans, peas and lentils (Chen et al., 2012).

Despite its plant origin, soy stands out for its protein quality. Soy protein can be extracted by different
processing techniques that result in a variety of ingredients such as textured soy protein, soy flour, soy protein
concentrate and soy protein isolates, which can be incorporated into various food preparations (Medic et al.,
2014).

A recent increase in soy consumption is being observed in the western world due to the protein content
and good quality lipids of the plant (Messina, 2016b), in addition to isoflavones, which are phytoestrogens
that can act like estrogen and as modulators of estrogen activity (Messina, 2016b). Due to its functional
properties, several benefits have been attributed to the consumption of soy (Messina et al., 2017), such a
reduction of menopausal symptoms, prevention of cardiovascular and breast disease, prostate cancer, and
reduction of osteoporosis. On the other hand, the presence of isoflavones in some foods has raised concerns
about undesirable hormonal effects that might target some individuals (Helferich et al., 2008).

In view of the diversity of information about the risks and benefits of soy consumption, the objective of
the present study was to provide a synthetic description of the main lines of evidence about the effects of this
plant, proposing a review of reviews.

2 Methodology

It is an integrative review carried out according to the following steps: 1) elaboration of the leading
question, definition of keywords and of inclusion/exclusion criteria of the articles; 2) article selection;
3) categorization of the studies; 4) definition of the information to be extracted from the works reviewed;
5) analysis and discussion of the results; 6) synthesis of the knowledge detected in the articles analyzed, and
presentation of an integrative review (Mendes et al., 2008).

It was asked the main question: “what are the effects of soy consumption on human health?”. The inclusion
criteria adopted in the present study were publications classified as reviews (narrative, integrative and
systematic reviews, and meta-analyses) based on the investigation of the risks and benefits of soy
consumption for human health published between 1998-2020; and full articles with available abstracts and
indexed in the following databases: Scopus, PubMed, SciELO, Web of Science, and Cochrane Library.
Original articles whose subjects were not considered in review studies were also included in order to
complement the discussion of the topic. Editorials, letters to the editor, reflexive studies, case reports and
studies that did not consider the topic related to the objective of the present review were excluded.

The database search was conducted in 2020 using the Health Sciences Keywords (DeCS) and the Medical
Subject Headings (Mesh). The Boolean operators “and” and “or” and their respective keywords were used:
soybeans, soy foods, soybean proteins, isoflavones and health. The search yielded 21,620 studies.
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The results of the search were screened by three qualified investigators based on the titles and abstracts of
the articles. After the identification of the relevant studies, the complete publication was retrieved and
reviewed by the three professionals to determine the eligibility for final inclusion. A total of 97 studies were
selected.

In order to synthesize the knowledge detected in each study the present review was structured according
to the following themes: 1) general impact on human health and protein quality of soy; 2) risks of soy
consumption to human health; 3) effects of early exposure to and of the use of soy formulas; 4) breast cancer;
5) endometrial and ovarian cancer; 6) prostate cancer; 7) gastrointestinal cancer; 8) cell sensitization for
radiotherapy; 9) cardiovascular disease; 10) glucose metabolism and type 2 diabetes mellitus; 11) obesity;
12) reproductive health; 13) menopause; 14) female osteoporosis; 15) male osteoporosis; 16) vegetarian
diets; 17) microbiota; 18) immunity and immunomodulation; 19) thyroid function; 20) attention-deficit
hyperactivity disorder; 21) renal function.

3 Results and discussion

3.1 General impact on health and protein quality of soy

In 1999 the Food and Drug Administration (FDA) approved the claim for soy in the US which permits the
affirmation of its role in the prevention of coronary artery disease, an action then followed by the United
Kingdom, South Africa, The Philippines, Indonesia, Korea, and Malaysia (Xiao, 2008). This claim is also
permitted in Brazil but with the caveat that health benefits would occur with an intake of at least 25 g soy per
day (Brasil, 2016).

Until recently soy was recognized as a source of protein of inferior quality in view of its deficiency of
sulfur amino acids, especially methionine (Pires et al., 2006). However, new methods for the analysis of the
amino acid profile of foods such as the protein digestibility corrected amino acid score (PDCAAS) have
defined soy as an excellent protein source (Castellanos et al., 2006). Soy is the only plant-based protein of
high quality when compared to all other plant proteins (Hughes et al., 2011).

Researchers emphasize the beneficial effects of soy on the health of adults such as improved glycemic
metabolism, weight control, improved lipid profile, prevention of neoplasias, and bone remodeling (Cederroth
& Nef, 2009). Some of these effects are clearly due to the isoflavones but others are still being studied since
soy contains various ingredients with the potential to act as functional nutrients (Ramdath et al., 2017).

An important review was published in 2017 about the impact of soy consumption on human health with
special emphasis on children. In general, the review determined that there was no demonstration of a
hormonal effect or of alterations of puberty. In addition, there is evidence that the prevention of breast cancer
is more marked when soy consumption starts during childhood (Messina et al., 2017).

3.2 Health risks of soy consumption

Some health risks have been mentioned regarding soy consumption, the more common being breast
cancer, male feminization, changes in male fertility and in thyroid function (Messina, 2016b). However,
safety evaluation studies have not demonstrated relevant risks for human beings (Messina, 2010). In a review
study, D’ Adamo & Sahin (2014) observed that most studies have reported data that do not permit to conclude
the presence of risk. This aspect is possibly related to the difficulty of extrapolating the results of animal
studies to humans and also due to the heterogeneity of the methodologies used.

Another feature of soy that has been frequently discussed is the presence of antinutritional factors since
raw soybeans contain trypsin inhibitors (Kunitz protease) which affect growth and basal metabolism in
animal models (Armour et al., 1998). In addition, the lecithins present in soy have affinity for glycosylated
receptors of epithelial cells of the intestinal mucosa, thus possibly interfering with digestion and absorption
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processes (Silva & Silva, 2000). However, heat treatment or simple fractionation during processing
eliminates the effects of these factors (Friedman & Brandon, 2001).

Soy allergy has been extensively reviewed by Katz et al. (2014) who detected a prevalence of allergy
ranging from zero to 0.5% for the general population, from 0.4% to 3.1% for children referred to a specialized
allergy service, and from zero to 12.9% among children known to be atopic. After the use of soy formulas,
the incidence of sensitization was 8.8%. In general, compared to other protein foods, soy is considered to
have very low allergenicity levels (Cordle, 2004).

3.3 Effects of early exposure to soy and the use of soy formulas

Considered to be phytoestrogens, isoflavones and, more precisely, genistein, have been studied in terms
of their hormonal effects on a growing organism. There are also concerns about their possible “endocrine
disruption” effect (Bar-El Dadon & Reifen, 2010), although this aspect has not been adequately explored and
only represents a theoretical model. So far, almost all studies have been conducted on animal models
(Dinsdale & Ward, 2010).

Doerge (2011) observed that exposure of rats to genistein throughout their useful life affected the
reproductive tissues and the immunological, neuroendocrine and behavioral functions of the animals.
Genistein crosses over the placenta of rats and may reach the fetal brain; in these animals, this phenomenon
occurs with maternal serum concentrations very similar to those observed in humans who consume soy-based
foods and dietary supplements. Toxicological and exposure assessment of rats treated with genistein have
demonstrated chronic adverse effects such as an increased incidence of breast fibroadenoma or carcinoma
and accelerated reproductive senescence.

A particularly relevant fact is that the diet of some babies exclusively consists of infant soy formula.
Vandenplas et al. (Vandenplas et al., 2014, 2011) recognize that serum isoflavone concentrations are higher
in babies fed soy formulas than in breastfed babies and babies fed cow’s milk. The circulating isoflavone
concentrations of these babies overlap those detected in rats fed high genistein doses which exhibited the
adverse effects mentioned above. The small margin of exposure between the doses of genistein that produce
demonstrable adverse effects in experimental animal models and in formula-fed babies suggests that the
possibility of adverse effects should be considered, but studies in humans are necessary. Johnson et al.
(Johnson et al., 2008) and Cederroth et al. (2010) have attested to the general safety of soy use but have
emphasized that, in view of the scarcity of long-term studies, exposure at the beginning of life should be
cautious.

It is relevant to assert that beneficial effects of soy have been reported even with its early use in infant
formulas. Donovan et al. (2009) have shown that isoflavones at the habitual doses present in infant formulas
can inhibit by 40% to 60% the infectivity of the intestinal mucosa by rotavirus, thus possibly reducing the
severity of these infections.

In another study, Vandenplas et al. (2014) reassessed the safety of infant formulas based on soy regarding
growth, bone health, immunity, cognition and reproductive and endocrine functions. They observed that,
despite the high quantities of phytates and aluminum in the soy formulas, the anthropometric patterns of the
infants were similar to those of infants fed standard formulas, as also were their concentrations of
hemoglobin, serum proteins, zinc and calcium, and the bone mineral content. Although genistein and
daidzein concentrations were higher in children fed soy formula, no evidence of a negative effect on
reproductive or endocrine function was detected. In addition, the immunological evaluations and the
neurocognitive parameters were similar in all groups.

In view of the controversial results presented, some studies (Zeiger et al., 1999) and consensus (Sol¢ et al.,
2018) do not recommend the use of formulas based on isolated soy protein for children less than 6 months
of age. These formulas present some differences in their composition when compared to formulas based on
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cow's milk (Kemp, 2006). They have more protein (2.45 to 3.1 g/100 kcal), are lactose-free, contain phytates
(about 1% to 2%) and oligosaccharides that interfere with the absorption of calcium, phosphorus, zinc and
iron (the calcium and phosphorus levels, for example, are 20% higher than cow's milk protein formulas),
contain soy glycopeptides that interfere with iodine metabolism, higher aluminum content and the presence
of phytoestrogens (isoflavones, genistein and daidzein) (Solé et al., 2018).

The National Toxicology Program of the US Department of Health and Human Services concluded that
the possibility of long-term or discrete adverse events on human development or reproduction cannot be ruled
out. Although events of this nature have not been described after more than 40 years of using soy protein-
based formulas in the United States, this subject has never been properly studied (McCarver et al., 2011).

3.4 Breast cancer

One of the topics most extensively studied regarding the effects of soy on human health is its relationship
with breast cancer (Mourouti & Panagiotakos, 2013). This is due to the main bioactive component of soy,
isoflavone, which is considered a phytohormone that acts both to present estrogenic effect and to inhibit this
activity (Franke et al., 2014; Messina, 2016a, 2016b). This is relevant if considered the role of estrogen in
the development, progression and treatment of some breast cancers.

Several investigators have observed that soy has an anti-cancer effect and that isoflavone has antiestrogen
properties, thus having a protective effect against estrogen-sensitive cancers (Douglas et al., 2013; Messina
& Wood, 2008). The fact that this protective effect seems to be always more evident among Asian women
has not been explained, but it is speculated that this may be due to factors such as the microbiota, an early
beginning of soy consumption, a high intake, and its use in less processed foods (Kim, 2008; Mourouti &
Panagiotakos, 2013; Nagata, 2010; Tansaz & Boccaccini, 2016; Valladares et al., 2012; Xiao, 2008).
Observational studies have demonstrated that, among Asian women, high soy consumption reduces by about
30% the risk of developing breast cancer, with more consistent results when consumption starts in childhood
and adolescence (38). Nagata (Nagata, 2010) considers that protection against breast cancer may require
women to have a similar soy intake to Asian diets. Other factors in addition to the amount consumed seem
to modify the association between soy isoflavone intake and breast cancer risk, among them the form and
source, time of exposure, status of estrogen receptors, and production and hormonal profile of the persons
(Nagata et al., 2014).

Although, theoretically, the estrogenic effect of isoflavone represents a risk for estrogen-sensitive
neoplasias, this aspect has not been confirmed. Studies have demonstrated that isoflavone consumption does
not change the markers of cancer risk such as density (assessed by mammography) and cell proliferation.
According to Messina (2016a), studies involving 11,000 American and Chinese women have shown that soy
consumption after a diagnosis of breast cancer reduces recurrence and prolongs survival.

In 2008 Wu et al. (2008) showed a statistically significant dose-dependent association between the intake
of soy-based foods and the reduction of the risk of breast cancer among Asian women. There was a reduction
of risk of about 16% for each 10 mg increase in isoflavone intake per day, and intake during adolescence had
a stronger effect on risk than intake during adulthood. Finally, there was no conclusion about whether habitual
soy intake or short-term soy supplementation influences the levels of circulating hormones or the
mammographic density.

In a review article, Hilakivi-Clarke et al. (2010) observed that women who consume moderate quantities
of soy during life have a lower risk for breast cancer than women who do not, although this protective effect
seems to originate with soy intake early in life. The authors also observed that moderate consumption of a
diet containing genistein did not increase the risk of breast cancer recurrence in western women and, finally,
Asian survivors of breast cancer had a better prognosis of the disease when they continued to consume soy-
rich diets.
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Cumulative exposure to high quantities of estrogen is a known risk factor for breast cancer, with early
puberty, late menopause and hormone replacement therapy being part of this situation. Valladares et al.
(2012) observed that girls who consumed large amounts of isoflavones tended to start puberty at a later age.

Dong & Qin (2011) published a meta-analysis which showed that soy isoflavone consumption was
inversely associated with the risk of occurrence of breast cancer although this protective effect of soy was
observed only in studies on Asian populations. Soy isoflavone consumption was also inversely associated
with the risk of breast cancer recurrence. Stratified analyses have suggested that menopausal status may have
an important modifying effect on these associations and were unable to identify a dose-response relationship.

In a meta-analysis study Chen et al. (2014) observed that soy isoflavone intake may reduce the risk of
breast cancer among pre- and postmenopausal women in Asian countries. However, in western pre or
postmenopausal women there was no evidence suggesting an association between soy isoflavone intake and
breast cancer.

In another meta-analysis study Magee & Rowland (2012) observed that, when soy is used in quantities
similar to those consumed by Asian women, there is no increase in the risk for breast cancer, with some
studies actually reporting a reduced risk. In addition, they reported that soy does not interfere with the action
of tamoxifen or anastrozole, the drugs used for treatment. The studies analyzed also permitted the conclusion
that women with polymorphisms that increase the risk of breast cancer may benefit from the consumption of
high doses of isoflavones.

Nagata et al. (2014) observed that, in general, soy consumption reduced the risk of breast cancer in
Japanese women and that no reviewed study reported an increased risk with this consumption.

In a review of cohort studies Eakin et al. (2015) concluded that diets with low soy or isoflavone
concentrations were not associated with any risk of the incidence of breast cancer compared to diets
containing large quantities. They also observed that, among women with the disease, soy-rich diets are
associated with a 25% reduction in the risk of recurrence and a 15% reduction in mortality.

According to Varinska et al. (2015) isoflavones can act by blocking various stages of carcinogenesis.
Genistein inhibits enzymes such as tyrosine kinase, DNA topoisomerase 1I, 5-alpha-reductase, galectin,
histidine-protein kinase and cyclin-dependent kinases, all of them involved in cell replication. In addition,
genistein has a potent inhibitory effect on angiogenesis, which is considered to be one of the fundamental
elements for tumor growth, invasive capacity and metastatic potential.

3.5 Endometrial and ovarian cancer

In a meta-analysis Myung et al. (2009) observed an evident protective effect of soy against the
development of endometrial and ovarian cancer. Zhang et al. (2015) reviewed case-control and cohort studies
jointly and observed that soy consumption was inversely related to the risk of endometrial cancer. This
protective effect continued to be present even when the analysis was carried out on subgroups such as “foods

99 G

based on non-fermented soy”, “postmenopausal women”, “Asian origin” and “non-Asian origin”.

3.6 Prostate cancer

According to Jian (2009) one of the factors that explains the lower incidence of prostate cancer among
Asian men is the prevalent consumption of fresh vegetables, in particular, soy. In a review study of 2014,
van Die et al. (2014) detected several articles with methodological limitations that did not observe a relation
between soy or isoflavone consumption and laboratory markers (prostate-specific antigen, sex hormone-
binding protein - SHBG -, testosterone, free testosterone, estradiol, and dihydrotestosterone) in patients with
prostate cancer.
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However, two studies reported a significant reduction of cancer diagnosis after the administration of soy
and/or isoflavone among men at high risk of developing the disease, with additional observation of the high
safety of its use. Applegate et al. (2018) and Sugiyama et al. (2013) reported that soy and isoflavone
(genistein and daidzein) consumption is associated with a reduced risk of prostate cancer. Mahmoud et al.
(2014) reviewed the mechanisms of this protection and observed that isoflavone can regulate the genes that
control the cell cycle and apoptosis. In addition, they described other effects at the molecular level such as
antioxidant defense, DNA repair, inhibition of angiogenesis and metastasis, potentiating of chemotherapeutic
and radiotherapeutic agents, and estrogen antagonism.

3.7 Gastrointestinal cancer

In a meta-analysis study Yu et al. (2016) observed that isoflavone leads to the reduction of the risk of
developing colorectal cancer. The effect was more significant with the consumption of soy-based foods rather
than isoflavone alone among Asian people.

Other properties of isoflavones not related to the action of a phytohormone (e.g. an antioxidant action) are
believed to also have a protective effect against other types of cancer. In a review study conducted on 633,476
participants and 13,639 patients with gastrointestinal cancer Tse et al. (Tse & Eslick, 2016) observed a discrete
overall reduction of risk with soy consumption, more relevant for colon and colorectal cancer. However, when
the analysis was carried out in relation to the intake of isoflavone, a significant overall reduction of risk to
develop cancer of the digestive tract was observed, particularly regarding colorectal cancer.

3.8 Cell sensitization for radiotherapy

Hillman & Singh-Gupta (2011) pointed out that isoflavone, by inhibiting transcription factors of genes
essential for tumor proliferation, invasion and neovascularization and improving the results of traditional
therapies, can be considered as a supplement in the treatment of women affected by neoplasias in treatment.
The intake of soy isoflavones can be an effective complementary therapy by inhibiting the survival signaling
pathways of various cancerogenous cells and of angiogenesis through the altered activation of APE1/Ref-1,
NF-«B and HIF-1a, rendering the cells more sensitive to radiotherapy.

3.9 Cardiovascular disease

In view of its numerous components (isoflavones, saponins, protein substances, lecithin and flavonoids),
soy has been extensively studied in terms of its effects on the cardiovascular system (Imai, 2015). The
mortality rates due to cardiovascular disease are lower in Asian countries than in western countries, a
characteristic believed to be linked to the consumption of soy as a basic food for the population (Gil-
Izquierdo et al., 2012).

Anderson & Bush (2011) assessed the effects of soy on lipoproteins by analyzing studies reporting a total
daily soy consumption of up to 65 g/day and observed that this consumption reduced LDL-cholesterol by
4.2% to 5.5%, increased HDL-cholesterol by 3.2% and reduced triglycerides by 10.7%.

Dong et al. (2011) analyzed studies on the effect of isoflavone on the plasma concentrations of C-reactive
protein and concluded that, after menopause, women may benefit from frequent soy consumption, especially
those with the presence of high levels of this risk marker.

Gil-Izquierdo et al. (2012) emphasized that habitual soy consumption reduced LDL concentrations in
hypercholesterolemic patients and also observed that the effect of restoring endothelial function in patients
with mild or moderate endothelial dysfunction was more marked when isoflavone was used as a diet
complement.
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Liu et al. (2012) assessed the effects of isoflavone on blood pressure and detected a reduction of 2.5 mmHg
in systolic pressure and of 1.5 mmHg in diastolic pressure in the group receiving isoflavone compared to
control, that shows an even more evident result among individuals with previous hypertension.

Beavers et al. (2012) reviewed the effects of exposure to soy products containing isoflavones on
endothelial function measured by flow-mediated vasodilatation. The effect observed was 1.98% increase
with isoflavone alone and 0.72% increase for products containing isoflavone; thus, the authors concluded
that isoflavone intake can improve endothelial function modestly.

Yan et al. (2017) detected a negative association between soy consumption and cardiovascular events in
general, with the most significant effect being observed among Asians. When cardiovascular events were
studied separately, significant soy protection against coronary disease and cerebrovascular accidents was
observed.

A recent study (Ma et al., 2020) that evaluated the results of three prospective cohort studies in the United
States, found that increased consumption of isoflavones was associated with a moderately lower risk of
developing coronary heart disease. In a study on the effects of non-protein components of soy on
cardiovascular health Ramdath et al. (2017) observed that isoflavones and their metabolites can help control
blood pressure, blood glucose, obesity, and inflammation.

A large recent prospective study (Talaei et al., 2014) failed to find that soy intake was protective against
cardiovascular disease. Despite this, the hypocholesterolemic effect of soy is well-documented and this has
led to the regulatory approval of a health claim relating soy protein to a reduced risk of cardiovascular disease
(Health Canada, 2015).

3.10 Glucose metabolism and type 2 diabetes mellitus

Zhang et al. (2013) conducted a systematic review in order to assess the effect of isoflavone
supplementation on glucose metabolism in non-Asian postmenopausal women and detected a significant
reduction of blood glucose and insulinemia in the supplemented groups, especially with long-term use.

In a meta-analysis study Lietal. (2018) concluded that the consumption of soy products or soy
constituents (soy protein and isoflavone) may be associated with a reduced risk of type 2 diabetes mellitus.

Azadbakht et al. (2008) observed a significant reduction of fasting blood glucose concentrations in individuals
with type 2 diabetes who had been consuming soy protein for 4 years compared to control (animal protein).

3.11 Obesity

According to QOrgaard & Jensen (2008) in vitro studies relating soy consumption to obesity suggest that
isoflavones may have inhibitory effects on the increase of adipose tissue in vivo. Experiments with rodents
and humans have demonstrated that some of these beneficial effects may indeed occur in vivo. However,
especially in humans, the actions of soy isoflavones seem to depend on a complex interaction among several
factors, such as the presence of soy protein and specific intestinal bacteria.

In a review study Zhang et al. (2013) detected a significant reduction of body weight in non-Asian
postmenopausal women with isoflavone supplementation, especially after short-term, low dose (< 100 mg)
use. With low doses the effect was more evident among normal weight than obese women.

In another meta-analysis Akhlaghi et al. (2017) observed that soy and isoflavone intake was poorly
effective on weight reduction in the general population. A small, but significant, increase in body weight was
detected in some subgroups under study: obese individuals, an intake of more than 40 g/day, and when soy
intake was compared to meat or to serum protein. However, a reduction of the abdominal circumference was
observed in older individuals, in women of any age and when consumption exceeded 40 g/day. When
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isoflavone was considered separately, a reduction of body mass index was observed when the product was
consumed at doses of less than 100 mg/day over a period of 2 to 6 months.

3.12 Reproductive health

The effects of phytohormones on women should be carefully assessed since these substances may impact
health in various manners. Huber & Genazzani (2016) observed that soy and isoflavone consumption reduced
the serum concentrations of luteinizing hormone (LH) and of follicle stimulating hormone (FSH) by about
20%, prolonging the duration of the menstrual cycle by 1.05 day. No effect was observed on postmenopausal
women with only a mild tendency to an increase in estradiol.

Cederroth et al. (2010, 2012; Cederroth & Nef, 2009) only detected very minor harmful effects of soy
consumption on human and animal reproductive health. That was the case for the few studies that assessed
the effect of soy formulas in childhood on later sexual development and reproductive health of adults. There
is extensive evidence that compared to humans; animals are affected by soy consumption or by exposure to
isoflavone. In studies usually involving rodents it has been well accepted that female fertility is interrupted
by intrauterine or neonatal exposure to isoflavones.

Regarding male reproductive health studies also conducted on animal models have pointed out that the
consumption of soy or phytoestrogens results in change in androgen, LH and FSH levels (Chavarro et al.,
2008).

Since isoflavones are structurally and functionally similar to estrogens there is a justified concern about
their feminizing effects on men who consume soy. In a meta-analysis study Hamilton-Reeves et al. (2010)
did not detect any effect of soy consumption or of isoflavones on the plasma concentrations of free androgens,
SHBG, or free and total testosterone in men.

3.13 Menopause

The first years after menopause are characterized by several unpleasant symptoms with most women
reporting vasomotor symptoms such hot flashes and nocturnal sudoresis. Menopausal women also experience
tiredness, vaginal dryness, body pain and pain of psychological origin such as irritability, depression, anxiety,
reduced libido and insomnia. Many of these disturbances are attributed to the fall in estrogen production and
for this reason hormone replacement therapy (HRT) has been extensively used as a treatment strategy for
many years.

Data from the Women’s Health Initiative Study (Rossouw et al., 2002) have shown an increased risk of
breast cancer and of cardiovascular complications due to this practice, so that HRT is now being abandoned.
Naturally because of its role as a phytoestrogen, isoflavone started to be considered as a natural alternative
for affected women (Levis & Griebeler, 2010). Kurzer (2008) reported that supplementation with at least 15
grams/day of isoflavone can reduce hot flashes by 34%, and the higher the effect, the higher the incidence of
these flashes throughout the day.

Bolafios et al. (2010) conducted a meta-analysis that revealed a reduced number of episodes/symptoms of
vasomotor origin (hot flashes) in postmenopausal women who consumed soy or its derivatives (soy as a
dietary supplement, soy extract or isoflavone concentrate). However, the authors affirmed that these results
should be interpreted with caution in view of the high heterogeneity detected in the studies.

The aging process may involve some degree of decline of cognitive faculties and various strategies
including nutritional ones. Therefore, alternatives have been sought in order to minimize this tendency.
Cheng et al. (2015) conducted a meta-analysis involving 1,024 women who had already gone through
menopause and had received isoflavone supplementation for 6 to 30 months. They observed an improvement
of cognitive tests and visual memory, more marked when supplementation was started early.
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3.14 Female osteoporosis

Osteoporosis and its relationship with soy have been studied but some gaps still persist (Poulsen & Kruger,
2008). However, a lower incidence of the condition has been recognized in groups that consume more
isoflavones (Zhang et al., 2008). According to Zhang et al. (2008) genistein can stimulate the osteoblastic
function, this being the probable mechanism of action of this phytoestrogen in the maintenance of bone mass.
Atmaca et al. (2008) reported that isoflavone improves bone mineral density and markers of bone remodeling
and also improves bone rigidity in women after menopause.

Kubota & Shimizu (2009) have pointed out that soy and various of its subproducts such as natto (traditional
Japanese food made from fermented soy), tofu, miso and soy sauce have been consumed for a long time in
Japan. They also emphasized that soy is a rich source of plant proteins, containing a relatively high quantity
of calcium, in addition to being an important source of isoflavones.

Fermented soy products contain vitamin K which is involved in the activation of osteocalcin. For this
reason some authors believe it would be beneficial to consume adequate daily doses of soy and its subproduct
for bone health and the prevention of osteoporosis (Kubota & Shimizu, 2009).

In a meta-analysis study Ricci et al. (2010) did not observe benefits of isoflavone consumption regarding
the loss of bone mass in postmenopausal women or women of an age close to menopause compared to women
who did not consume this soy component. However, a single study reported that genistein intake produced
favorable results regarding bone mass loss in these women.

In another systematic review Takuetal. (2010) observed that isoflavone supplementation of
postmenopausal women induced an increase in serum concentrations of alkaline phosphatase and osteocalcin
of 8% and 10.3%, respectively, compared to non-supplemented women, both of these being laboratory
markers of bone neoformation. A decrease of 18% in urinary excretion of deoxypyridinoline — a marker of
bone resorption - was observed. In the same review, the authors observed that soy isoflavones
supplementation caused a moderate but significant improvement in the bone mineral density (BMD) of the
lumbar spine but had no effect on the hip, femur or trochanter of postmenopausal women. The authors also
state that the intake of soy isoflavones for six months seems to be sufficient to exert a beneficial effect on
lumbar spine BMD.

In a systematic review of the role of the use of soy isoflavones in the prevention of osteoporosis, Wei et al.
(Wei et al., 2012) observed a 54% increase in BMD and a 23% reduction of bone resorption, with the most
marked effect being detected in postmenopausal women and with doses higher than 75 mg/day for periods
of 1 month to 2 years.

3.15 Male osteoporosis

Chin & Ima-Nirwana (2013) reviewed studies conducted on soy consumption and male osteoporosis.
Although they observed evidence of a protective effect in animal models and in tissue culture, the few studies
on humans did not demonstrate prevention or improvement of osteoporosis in men.

3.16 Vegetarian diets

The current choice of vegetarian diets has greatly increased worldwide, with the exclusion of meat, an
important source of proteins of high biological value. Within this context, soy has been used as a vegetable
alternative to meat because of its high protein content and culinary versatility, leading to a relevant discussion
about the safety of its consumption.

Messina & Messina (2010) observed that soy products can play a beneficial role in vegetarian diets, with
the exception of allergic individuals, being the risks of adverse effects not supported by clinical or
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epidemiological studies. Based on epidemiological studies and clinical trials, the optimum soy intake is two
to four portions a day for adults.

Rizzo & Baroni (2018) reported that, in addition to being safe, the use of soy has health benefits. However,
they alerted to the fact that many vegetarians consume highly processed soy foods so that, although safety is
maintained, some benefits may be lost.

3.17 Microbiota

Huang et al. (2016) studied the effects of soy on the human microbiota and observed that, despite the wide
variability of the results obtained in different studies, the findings seem to be consistent. An increased number
of bifidobacteria and lactobacilli (generally considered to be beneficial) has been observed in both humans
and animal models, in addition to a favorable modification of the relationship between Firmicutes and
Bacteroidetes.

3.18 Immunity and immunomodulation

Soy and its derivatives have been studied due to the immunomodulatory potential of some of its
components such as isoflavones, saponins and antocyanins, which act by suppressing certain metabolic
pathways (Tezuka & Imai, 2015).

Genistein suppresses the immune antigen-specific response in vivo and the lymphocyte proliferation response
in vitro, but increases the response mediated by cytotoxic T and NK cells as well as the production of cytokine
from T cells. It should be highlighted that genistein has been used for the treatment of diseases in animal models,
with the observation of inhibition of allergic inflammatory responses (Sakai & Kogiso, 2008).

3.19 Thyroid function

Concern about the antithyroid effects of soy is mainly based on experimental research on animals. Indeed,
there have been cases of goiter among babies fed soy formula before these products were fortified with iodine
(Mezzomo & Nadal, 2016).

Soy foods and isoflavones are known to have no adverse effect on thyroid function in euthyroid men or
women. Precautions should be taken by men with hypothyroidism under treatment since soy protein seems
to interfere with levothyroxine absorption. Furthermore, there is a theoretical concern about the possibility
to soy causing a worsening of thyroid function in patients with hypothyroidism due to the potential
competition for iodine between isoflavones and tyrosine. However, isoflavone iodination is known to be
nonsignificant and clinically irrelevant (Messina, 2016b).

3.20 Attention-deficit hyperactivity disorder

Crinella (2012) published a study in which it was evaluated the presence of manganese in soy formulas,
an element that, according to the authors, is present in large amounts in these products. High manganese
concentration was detected in the hair of children with attention-deficit hyperactivity disorder (ADHD). The
author pointed out that, considering the multiple determinants of ADHD, it is highly unlikely that the decision
to feed a soy formula to the baby would lead to ADHD, by itself (Sakai & Kogiso, 2008).

Experimental studies have shown that exposure to manganese may also damage the dopaminergic
networks of the brain, while other neurotransmitter systems are also affected (Crinella, 2012).

It is also known that exposure to manganese may have adverse effects on the expression of the genes
involved in various brain processes, with long-term consequences for neurological development. Manganese
homeostasis is not present at birth in human newborns, but it develops slowly over the first months of life.

Braz. J. Food Technol., Campinas, v. 23, €2019129, 2020 | https://doi.org/10.1590/1981-6723.12919 1117



Impact of soy consumption on human health: integrative review
Nogueira-de-Almeida, C. A. et al.

Thus, human babies are vulnerable to the absorption of excess manganese, as detected in soy-based baby
formulas (Crinella, 2012).

Literature data suggest that choosing not to breastfeed a baby is probably associated with a higher risk for
ADHD, but it was not possible to demonstrate that the use of soy formula instead of breast milk would
involve a greater risk (Crinella, 2012).

3.21 Renal function

As a more alkaline alternative than animal protein sources, soy protein has been associated with beneficial
factors for renal health (Anderson, 2008). Also, benefits have been reported regarding antioxidants serum levels
and systemic inflammation in patients with early and late chronic kidney disease (Tomayko et al., 2015).

Another advantage is in relation to phosphorus, present in soy protein in the form of phytate, which is less
bioavailable than animal protein phosphorus, with a consequent status as a potential alkalinizing agent. Thus,
soy consumption can also reduce serum phosphorus, preventing the cardiovascular consequences of high
concentrations of this trace element in patients with chronic renal disease since phosphorus homeostasis
depends on renal function (Moe et al., 2011; Noori et al., 2010).

A reduction of protein intake preserves renal function in persons with early diabetic renal disease, and the
replacement of animal protein with soy protein results in lower glomerular hypertension and reduced urine
albumin excretion. Specific peptides, amino acids and isoflavones are the soy components that may be
responsible for these benefits (Anderson, 2008).

4 Final considerations

The beneficial effects of soy consumption regarding various types of cancer, bone mineralization,
improved menopausal symptoms and the prevention of cardiovascular diseases have been well documented.
Almost all investigations of the risks of soy use have been conducted on animal models with no extrapolation
of the results to human beings. The recent position of the European Food Safety Authority (Additives &
Food, 2015) is that isoflavone has no adverse effects on the breast, thyroid or uterus of postmenopausal
women.

Many studies assessing safety have been published without demonstrating relevant risks to human beings.
Another aspect frequently discussed regarding soy is the presence of antinutritional factors. However, heat
treatment or simple fractionation during processing eliminates the effects of these factors.

Finally, there is the possibility of allergy to soy, a phenomenon that may occur with many other foods,
especially those containing protein. In general, compared to other protein foods, soy is considered to have
low allergenic levels. Regarding early consumption, modern soy formulas are safe options for baby feeding,
with patterns of growth, bone health and metabolic, reproductive, endocrine, immunological and neurological
functions similar to those observed in children receiving conventional formulas.
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