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Abstract

The consumption of soybeans and their constituents, isolated soy pro-
tein and isoflavones, has been associated with positive effects on body
weight, lipid profile and insulin, which has stimulated the production
and consumption of foods derived from soy. However, these polyphe-
nolic compounds (isoflavones) have similar structure to 17-f estradiol
and may act as agonists or antagonists in estrogen receptors. Due to
its estrogenic activity, the safety of its consumption during critical
periods of development, such as gestation and lactation, has been
questioned. Studies that evaluate the effects of soybeans on endocrine
metabolic parameters are still controversial. This review focuses on
the role that soy and isoflavones play during critical periods of devel-
opment and into adulthood.
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Introduction

The soybean (Glycine max (1.) Merrill) is a plant of oleagi-
nous high nutritional value, having high protein content (40%)
and fat (20%), mostly unsaturated (23% monounsaturated fat,
8% from 54% linoleic and linolenic) [1]. This legume and its
constituents, isolated soy protein (ISP) and isoflavones, have
been widely studied. Its possible beneficial effects on the body
include the reduction of the levels of total cholesterol, low-
density lipoprotein (LDL) cholesterol, triglyceride, and insulin
resistance, as well as the fatness and body mass. Soy and its
isoflavones appear to reduce the risk for coronary heart dis-
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ease, but the mechanisms involved are still unknown, and its
action on high-density lipoprotein (HDL) metabolism may be
responsible for its anti-atherogenic effects [2-7]. These bene-
fits have boosted the production of foods and supplements with
these compounds for the food industry and its consumption by
the population [8].

Isoflavones, polyphenolic compounds, possess structure
similar to the 17-B-estradiol and can act as antagonist or ago-
nist receptors for estrogens in the body [9]. Because of this
estrogenic activity, the safety of its consumption in critical
phases of development, as the gestation and lactation, has been
questioned [10-12], as they may act as hormonal disruptors
key systems that control the growth and development, perma-
nent structural changes, generating metabolic and functional
tissues and organism systems that can be attached to the de-
velopment of chronic diseases; this process is called program-
ming [13].

Another important aspect is to compare different sources
of protein (soy protein or casein) nutritionally balanced diets
during pregnancy or pregnancy and lactation, and it was pos-
sible to notice that soy protein is able to lead to increased risk
factors for metabolic syndrome in male offspring in adulthood,
and that exposure to these diets for a longer period (gestation
and lactation) exacerbates the signs introduced [14, 15].

So considering the impact of nutritional and hormonal dis-
orders in pregnancy and lactation on the offspring in adulthood,
as well as the growing consumption of soy and its components,
this systematic review aimed to identify the consequences of
early exposure to soy, on endocrine-metabolic parameters in
adult life.

Methods

A search through PubMed database, Scielo, Medline, using the

CLINNT3

keywords “phytoestrogens and fetal programming”, “soy and
fetal programming”, “soy protein and fetal programming”, and
“metabolic programming” selected 105 articles published over
the past 20 years. From this search, were selected 44 items that
approached the endocrine-metabolic effects of soy consump-
tion and its components on the body in critical phases of de-
velopment (pregnancy and lactation) or in adult life. Thirteen
references were not squared on the criterion of inclusion, but
were used for description of the concept, etiology and patho-
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physiology of metabolic programming.

Metabolic Programming

The period of intrauterine development can expose the fetus to
a risk of developing diseases in adulthood. In this respect, the
hypothesis named Developmental Origins of Health and Dis-
ease (DOHaD) highlights the relationship between the stim-
uli in early stages of life and the subsequent development of
disease. This model investigates the adaptations that occur in
the fetus in response to intrauterine environment, resulting in
permanent set of homeostatic systems in order to assist in the
immediate survival and improve the success in an environment
adverse postnatal. However, inappropriate interpretations or
environmental changes can lead to a mismatch between the
prenatal forecasts and postnatal reality [16-18].

In this way, these adaptations known as predictive, adap-
tive responses can be disadvantageous in adulthood, leading
to an increased risk of diseases that can be passed on to future
generations. In this perspective, it has been established that
nutritional changes early in life involve an increased risk for a
number of diseases in adulthood [19].

Several studies have shown association between maternal
malnutrition and exposure to hormones during pregnancy and
lactation, with future metabolic disorders, with emphasis on
non-communicable chronic diseases, thyroid disorders, and
components of the metabolic syndrome [13, 19-22]. The type
of malnutrition that the mother is subjected is able to inter-
fere in the nutritional status of adult offspring. In cubs whose
mother suffered during lactation, protein restriction showed
low body weight of weaning at 6 months of age. Already the
calorie restriction led to offspring in adulthood (6 months), to
gain more weight compared to the control, and to develop a
resistance to anorectic action of the hormone leptin [23].

Thus, it is possible to note that the programming in criti-
cal phase of development can lead to changes in tissues and
organs, which extend over the life, and may also have a latency
period and only occur manifestations of adult life. More and
more studies come popping up in order to explain the possible
mechanisms related to metabolic programming.

These mechanisms have not yet been fully elucidated, but
it is believed that there is a relationship with changes in the
structural development of the organs, or persistent changes at
the cellular level, being postulated according to Koletzko et
al [24]: 1) participation of epigenetic memory, with modifica-
tion in the process of transcription; 2) changing the structure
of organs in vascularity, innervation and juxtaposition, as for
example, the position of the hepatocytes, endothelial cells and
Kuppfer cells, which during the organogenesis can modify the
metabolism permanently; 3) hyperplasia or hypertrophy occur,
leading to changes in the number of cells; 4) abnormal cell
growth of rapid proliferation in specific metabolic conditions
(clonal selection); and 5) metabolic differentiation process.

Note that the molecular mechanisms proposed include
acute or chronic changes in gene expression, through various
avenues, where there is an epigenetic interrelation between
certain genes, exposure to environmental factors and biologi-
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cal events [25]. Since epigenetic regulation during develop-
ment changes, the dynamic epigenome presents an unstable
nature, allowing you to respond and adapt to environmental
pressures, including nutritional modifications [26].

Still, there is much to be understood, although epigenet-
ics help understand how exposure to environmental factors,
in critical periods of development, leads to changes in adult
life; it is necessary to unravel the changes post-translational
involved in the various processes that lead to the emergence
of diseases [27].

Soybean and Metabolic Effects

Although there is no consensus among authors, the beneficent
effects of the soy have been attributed mainly to the isoflavones
and ISP, which includes isoflavones. It is noteworthy that the
isoflavones have a structure similar to that of 17-B-estradiol
and may act as phytoestrogens, that is, substances similar to
the hormone estrogen, being able to interact as agonist form or
antagonist with their receptors in the body [9, 27].

In the estrogenic action, the isoflavones, mainly the gen-
istein, play other functions in the organism, acting on the
growth and regulation of various cell types. It has been evi-
denced it is a promising alternative for the prevention and
treatment of some cancers, cardiovascular disease, prevention
of metabolic syndrome, osteoporosis and decreased symptoms
of menopause [6, 28].

Innumerous studies show the role of soy in control of sev-
eral morbidities, leading to improvement in plasma levels of
blood glucose, with decreased insulin levels and insulin resist-
ance, as well as decreased hepatic steatosis, adiposity and body
weight [4, 5, 29, 30].

Ferguson et al [31] evaluated the relationship between
consumption of foods containing isoflavones on the inflamma-
tory response caused by the transient endotoxemia, noticing an
increase of the immune response related to the consumption
of isoflavones. Furthermore, there was protection on induced
inflammation by decline of insulin resistance, and better re-
sponse to oral glucose tolerance test [31].

Likewise, the ISP consisting of trypsin inhibitor and chy-
motrypsin, whose intake is associated with reduction in weight
gain in animals, has been pointed as capable of reducing serum
insulin and resistance to his action, enhancing the hyperglyce-
mia frame and acting in the control of diabetes [2]. In addition,
studies show anticarcinogenic effects of its constituents [32].

Regarding lipids, it has been demonstrated that consump-
tion of soy, of isoflavones and/or of ISP, reduces total choles-
terol levels, LDL and triacylglycerols [3]. In this aspect, iso-
flavones and ISP are capable of regulating the expression of
various genes and enzymes involved in anabolism and catabo-
lism of lipids in various tissues, leading to increased oxidation
of fatty acids, less accumulation of lipids in adipocytes and
skeletal muscles [33-36].

Moreover, these compounds are capable of acting on the
levels of leptin and adiponectin, hormones secreted by the adi-
pose tissue that participate in the regulation of several meta-
bolic pathways. The studies have shown adverse effects on
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these hormones, having increased levels of adiponectin [37-
40], and decreased levels of leptin [33, 35, 37, 41]. However,
there is divergence between these findings, being pointed by
some authors the increased circulating leptin and decreased
adiponectin [42, 43].

In relation to food intake and weight gain of the animals
fed soy or any of its components, there is evidence to sug-
gest the not modification of these parameters in relation with
the control group [33, 35, 37]. However, a lower weight gain
in animals fed soy was demonstrated compared to the ca-
sein group, and eating a high fat diet with soybean led to less
weight gain of animals compared to the group who ingested
only a high-fat diet [38, 44].

In spite of existing controversy in the literature on the ef-
fect of soy in some metabolic endocrine parameters, there is
strong evidence of the benefits of soy in morbidities control [2,
6, 28, 31]. However, some studies have questioned the safety
of early introduction of foods that contain phytoestrogens in
its composition, which can cause long-term hormonal changes,
leading to the development of pathologies in adulthood [10,
14, 15, 45].

Soy and Metabolic Programming

Several studies suggest that soy-based diets containing phy-
toestrogens, when consumed in pregnancy and during lacta-
tion, can act as key systems hormonal disruptors that control
the growth and development, due to the estrogenic activity of
these compounds [10-12].

In the context of this discussion, it is important to empha-
size the ability of placental transfer of phytoestrogens from
mother to fetus [46, 47]. In this sense, 51 Japanese mothers
were accompanied by the time of cesarean section, where we
collected serum sample of the mother and the umbilical cord.
The detection rates of phytoestrogens, genistein, daidzein and
equol in the umbilical cord of the newborns were 100%, 80%
and 35%, respectively [46]. Within this perspective, Nagata et
al [47] also showed high correlations to isoflavone levels be-
tween samples of maternal and umbilical cord blood of 194
accompanied women during pregnancy [47].

It should be noted that exposure to soy or any of its com-
ponents may occur during the period of lactation, as was evi-
denced by the transfer of phytoestrogens via breast milk [48,
49]. Cederroth and Nef [50] showed that maternal exposure on
lactation to a diet rich in phytoestrogens, approximately 25%
of soy protein, decreased weight and adiposity, without affect-
ing the response to glucose tolerance in male puppies in adult-
hood. Already the soy exposure in pregnancy did not alter the
weight and adiposity, but improved the response to glucose
tolerance in adult offspring. Thus, it is possible that the meta-
bolic effects of soy are dependent on the period of life in which
the exposure occurs [50].

Jahan-Mihan et al [14] showed that male puppies whose
mothers were fed with diet of soy protein in pregnancy had
higher body weight in ninth and 15th weeks, as well as in-
creased fasting blood glucose, insulin, and HOMA-IR index.
The results suggest that soy protein when compared with ca-
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sein during gestation or pregnancy and lactation increases the
risk of developing metabolic syndrome characteristics in the
offspring [14].

Male pups whose mothers were fed with different concen-
trations of isoflavones (0, 5, 50, or 1,000 ppm), during ges-
tation and lactation, did not show difference in weight at 21
and 90 days. However, the concentration of 50 ppm led to in-
creased serum concentration of leptin and adiponectin in rela-
tion to the other concentrations, suggesting a dose-dependent
effect. It was further evidenced the ability of adiponectin in
acting on cells from testicular Leyding, affecting the hormone
production of these animals [12].

Other works point to the toxic effects of phytoestrogens on
reproduction and may cause abnormalities in the estrous cycle,
and changes in ovarian and testicular function, leading to the
development of precocious puberty in female offspring and de-
creased production of testosterone in male offspring [11, 51].
Using organ cultures of fetal testes from wild type and ERa
or ERPB knock-out mice, it was shown that genistein inhibits
testosterone secretion by fetal Leydig cells during early fetal
development [51].

However, Ruhlen et al [10] have demonstrated in mice
that low concentration of phytoestrogens from soy on maternal
ration during gestation and lactation promotes an increase of
endogenous estradiol, which was associated with adverse ef-
fects on the reproductive system and on the nutritional status
of the male puppies in adulthood. They became obese, insulin-
resistant hyperleptinemic. Animals exposed to the diet rich in
phytoestrogens from soy have developed these changes [10].

In this way, not always soy consumption in relation to pro-
gramming relates to negative way. A survey pointed out that
female rats receiving genistein and quercetin during pregnancy
scheduled the offspring in adulthood to the increased expres-
sion of several genes enzymatic antioxidants, primarily in the
liver, resulting in significantly lower levels of oxidative dam-
age on DNA [52]. In addition, mice that are exposed to a diet
deficient in isoflavones during pregnancy and in adult life had
increased oxidative stress, decreased antioxidant enzymes and
levels of nitric oxide synthase, endothelial dysfunction and ar-
terial [53].

Consistent with this idea, Linz et al [54], in the study on
carcinogenesis, have shown that the offspring of rats fed with
ISP, and who received the same maternal diet after weaning,
showed a reduction in the frequency of carcinoma, clarifying
the role of ISP in the prevention of colon cancer [54].

The maternal consumption of 20% of soy protein in preg-
nancy and lactation, and the continuation for the offspring un-
til 48 days of life, increased expression of thyroid hormone
receptor (TRP1), as well as the expression and activity of io-
dothyronines deiodinases (D1 and D2) in the liver of rats, and
suggested that these effects mediate the action of hormones
thyroid contributing to reduction of serum cholesterol, the fat-
ty liver and body weight [5].

Other studies have demonstrated beneficial effects of soy
consumption during gestation and lactation, leading to reduced
body weight, improved insulin sensitivity, and reduced blood
glucose and total cholesterol levels and triglycerides [4, 5, 50,
55]. However, there are some differences in the literature, al-
though further research is needed in order to clarify the real
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contribution of soybean.

Conclusions

Several studies about soy and its derivatives presented a broad
vision of its beneficial effect on the human organism, being
these properties broadcast to all population. However, their
possible adverse effects are part of relatively new research,
and the increasing consumption of soy-based foods extends
the importance of studying the actions of these compounds to
the human organism.

The use of soy source foods in critical periods of develop-
ment may be related to positive or negative effects, presented
in experiments with animals. Thus there is a need for further
studies involving the consumption of these foods, especially in
pregnancy, lactation and childhood, in order to know the real
effect of these dietary estrogens on the process of health and
illness.
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