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Safety of Soy Protein Isolates

“Cinderella’s Dark Side” is a feature story on Dr. Joseph Mercola’s anti-soy website
(http://www.mercola.com/article/soy/avoid_soy.htm) which lists a myriad of reasons why
we should not consume soy. On this site, soy protein isolate (SPI) is deemed to be “not
so friendly” because it “is not something you can make in your own kitchen” (how this
relates to the so-called “danger” of soy is completely unclear) and the fact that it contains
numerous anti-nutrients such as trypsin inhibitors and goitrogens. This story also states
that the high temperature processing of SPI to remove trypsin inhibitors has the
unfortunate side effect of “so denaturing the other proteins in soy that they are rendered
largely ineffective” suggesting that soy is a poor quality protein source. This synopsis
will briefly review the safety and quality of soy with an emphasis on soy protein isolate.

Protein quality. Proteins are an essential component of the diet needed for the survival
of animals and humans. Soybeans are a major source of high quality vegetable protein in
many countries around the world. Protein constitutes approximately 40% of the total dry
matter of soybeans, making this essential nutrient the component present in soybeans in
the greatest amount. Soy protein provides calories, nitrogen, as well as essential amino
acids—the building blocks of protein. Although there are hundreds of amino acids in
nature, only approximately 20 appear in proteins and only nine of these are “essential”
which means we need to get them from dietary sources because our bodies do not
synthesize them. The essential amino acids include: threonine, cyst(e)ine + methionine,
valine, isoleucine, leucine, tyrosine + phenylalanine, histidine, lysine, and tryptophan.

The nutritional quality of proteins is largely dependent on the pattern of amino acids in a
particular protein source. More specifically, protein quality refers to how closely a
food’s essential amino acid (EAA) pattern matches the needs of the body. Plant proteins
tend to be limiting in one or more of the EAAs. Like proteins of most other leguminous
plants, soy protein is low in sulfur-containing amino acids, with methionine being the
most limiting, followed by cyst(e)ine and threonine (Eggum and Beames, 1983). A
variety of chemical methods, in vivo assays (using either animals or humans), and in vitro
acids methods (employing various proteinases) have been developed to evaluate protein
quality. Since 1919, the preferred method of evaluating protein quality in both the U.S.
and Canada has been the Protein Efficiency Ratio (PER). However, this method is based
on the growth of young rats and since rats have a higher relative requirement for sulfur-
containing amino acids (to support fur growth), the PER method tends to undervalue the
protein quality of soybeans for humans (Liu, 1999). Another factor important in the
determination of protein quality is digestibility, which is an index of bioavailability, and
is not included in certain methods of assessing protein quality (e.g., amino acid score).
To overcome the limitations of older methods of protein quality evaluation, a new
method of evaluating protein quality was adopted by the World Health Organization in
1990 (FAO/WHO, 1990) called Protein Digestibility Corrected Amino Acid Score
(PDCAAS). This method is based on a food protein’s (1) profile of EAA, (2)



digestibility, and (3) ability to supply EAA in amounts required by humans and is
calculated as follows:

Amino acid pattern of a protein
PDCAAS = x digestibility of the
protein

Amino acid requirements for an organism

The highest possible score using PDCAAS is 1.0. All proteins with a PDCAAS of 1.0
are considered equally high in quality and provide all of the EAAs. According to the
FAO/WHO (1990), SPI has a PDCAAS of 1.00, which is equivalent to casein and egg
white protein. Thus, based on the PDCAAS method, the protein value of well-processed
SPI is essentially equivalent to that of animal proteins and thus can serve as the major, or
even sole, source of protein intake (Young, 1991).

Soy anti-nutrients. A basic principle of toxicology is that all chemicals are “toxic
chemicals.” It is the dose that makes the poison. This tenet holds true for all foods and
food components, including soy and soy phytochemicals. More specifically, all foods
contain components that, when consumed in excessive amounts, produce unwanted side
effects—including the fruits and vegetables that we consume everyday and that are
currently promoted for reducing cancer risk! An excellent example was eloquently
presented in a classic paper published in the Proceedings of the National Academy of
Sciences, one of the most prestigious biomedical journals, by Professor Bruce N. Ames of
the University of California at Berkley. The review compared synthetic chemicals such
as dioxin to natural chemicals, such as those found in broccoli and cabbage and
determined that in high-dose tests, a high proportion of both natural and synthetic
chemicals are carcinogens, mutagens, teratogens, and clastogens (i.e., agents that cause
DNA breakage). In fact, about one-half of the natural “pesticides” that exist in many
fruits and vegetables--including cabbage, grapefruit and broccoli--are cancer-causing
agents at roughly the same proportion as synthetic pesticides (Ames et al., 1990).
Natural toxins have the same mechanisms of toxicity as synthetic toxins. Soybeans
contain a broad spectrum of 136 physiologically active components (Fang et al., 2004).
Some of these components have been termed “anti-nutrients,” which are defined as
compounds that hinder the utilization of one or more nutrients and/or adversely affect
nutritional status and health. The protease inhibitors have been considered to be a soy-
antinutrient.

Protease inhibitors. Two primary types of protease inhibitors are present in soybeans:
(1) the Kunitz inhibitor and (2) the Bowman Birk Inhibitor (BBI). The former inhibits
the activity of the enzyme trypsin and the latter inhibits both trypsin and chymotrypsin.
Approximately 6% of soybean protein is comprised of protease inhibitors (Rackis and
Anderson, 1964) and the nutritional significance of this bioactive component has been the
subject of considerable debate for many years (Leiner, 1995). Although protease
inhibitors have been shown to suppress growth in young animals (Birk, 1993) as well as
lead to hypertrophy and hyperplasia of the pancreas and pancreatic cancer at high levels



(McGuiness et al., 1984). There is absolutely no evidence that these effects occur in
humans. Further, protease inhibitors are heat labile and about 80% of the trypsin activity
is destroyed during the commercial processing of soybeans into soyfoods (Rackis and
Gumbmann, 1982). Moreover, considerable research has demonstrated that BBI may
have anti-carcinogenic activity (Kennedy, 1994). Protease inhibitors have been shown to
have cancer chemopreventive activities both in vitro and in vivo (Kennedy, 1993). In
animal carcinogenesis studies, a concentrate of BBI, BBIC, has been shown to suppress
carcinogenesis in a wide variety of in vivo models of various types of cancer, including
colon, lung, liver, oral, and esophageal (Kennedy, 1995). Human cancer prevention trials
with BBI are ongoing.

Data from human studies suggest that dietary soy or isoflavones are unlikely to have an
adverse effect on thyroid function in normal individuals with adequate iodine intake.
However, it is conceivable that the thyroid function of hypothyroid individuals
consuming high levels of isoflavone supplements may be adversely affected. Further,
isoflavones could potentially interact with thyroxine medication in individuals diagnosed
with congenital hypothyroidism and could lower the amount of thyroxine available in the
free (active) form.

The thyroid gland is responsible for the production of hormones involved in regulating
metabolism, body weight and oxygen requirements as well as normal growth and
development during childhood. There are two primary thyroid hormones: (1) T3 (tri-
iodothyronine) and T, (thyroxine), both of which are synthesized in the thyroid gland
from iodine and the amino acid tyrosine. The amount of T3 and T4 produced by the
thyroid gland is controlled by thyroid stimulating hormone (TSH), which is secreted from
the pituitary gland and is regulated by the central nervous system.

Goitrogens. 1t was first reported in the 1930’s that soybeans had “goitrogenic” activity in
rats (McCarrison, 1933), that is, caused the development of a goiter (an enlargement of
the thyroid gland). Since then, other studies have shown that dietary soy or isoflavones
can affect the thyroid function of rodents (Balmir et al., 1996; Mitsuma et al., 1998; Ikeda
et al., 2000; Son et al., 2001). This is because isoflavones have a similar structure to T;
and T4, and studies conducted in vitro demonstrate that the isoflavones inhibit
thyroperoxidase (TPO), an enzyme involved in the synthesis of T; and T4. However,
although reductions in TPO have been seen in rats fed isoflavones, the remaining activity
of this enzyme is sufficient to maintain normal thyroid homeostasis. Further, Chang and
Doerge (2000) found no differences in T3, T4, TSH concentrations or thyroid gland
weight or histopathology in rats continuously fed a soy diet containing 60 mg
genistein/kg diet compared with control animals.

Several studies have examined the effect of consumption of soybeans or isoflavones on
thyroid function in adults (Duncan et al., 1999a; Duncan et al., 1999b; Persky et al.,
2002; Jayagopal et al., 2002). Overall, data from these studies suggest that dietary soy or
isoflavones are unlikely to affect thyroid function in normal individuals with adequate
iodine intake. However, isoflavones could potentially interact with thyroxine
medication given to patients diagnosed with congenital hypothyroidism. If a fixed dose



of thyroxine is used in treatment, ingestion of large amounts of soy isoflavones could
lower the amount of thyroxine available in the free (active) form.

Very few studies have investigated the possible associations between soy isoflavones and
thyroid cancer. A recent retrospective case-control study involving 1166 subjects in San
Francisco (Horn-Ross et al, 2002) which examined the relationship between isoflavone
consumption and risk of thyroid cancer actually found that increased consumption of
unfermented soy-based foods was associated with a decreased risk of developing thyroid
cancer. Tthere is no evidence that soy has an adverse effect on the thyroid gland in
normal individuals with adequate iodine intake. Further, populations that consume
relatively high amounts of soy (e.g., Japan) do not have a significantly higher incidence
of hypothyroidism.

In summary, research continues to demonstrate the healthfulness and safety of soyfoods
at doses currently recommended by the Food and Drug Administration, the American
Heart Association and other public health organizations. Healthy adults should strive to
consume approximately 10 to 25 g/day of soy protein for optimal health. This is not only
a practical level of intake, but is also based on the level of soy intake observed in Asian
countries (where there is a reduced risk of age-related chronic diseases) as well as
evidence from safety and efficacy studies.
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Soy and Pregnancy

A high estrogenic environment in utero may increase subsequent breast cancer risk
according to a 1999 study in Oncology Reports highlighted on Dr. Joseph Mercola’s
website (http://www.mercola.com/1999/archive/pregnant should not eat soy.htm). The
results from this study indicate that in utero exposure to genistein, dose-dependently
increased the incidence of breast tumors when compared with controls (Hilakivi-Clarke
et al, 1999a). The take home message is, according to the website: “avoid soy,
especially if you are a pregnant woman.”

This recommendation is simply ludicrous and taken completely out of context as is most
information on this website.

Although the study by Hilakivi-Clarke et al. suggests that in utero exposure to genistein
may increase the incidence of mammary tumors in the offspring, several additional
studies are in direct conflict with these findings and support exactly the opposite
hypothesis: that in utero exposure to soy isoflavones and genistein in particular may
actually reduce breast cancer incidence later in life (Lamartiniere et al., 2000). In
addition, another study published the same year by Hilakivi-Clarke et al. (1999b)
reported that prepubertal exposure of rats to dietary genistein (1 mg/kg body weight/day)
decreased the number of tumors per animals as well as tumor growth. Fritz et al. (1998)
also showed that perinatal exposure to genistein (from conception to post natal day 21)
through the maternal diet (25 or 250 mg genistein/kg diet) resulted in a dose-related
decrease in chemically induced mammary tumors in rats. Most importantly, there is no
evidence from human epidemiological studies that soy consumption during pregnancy
increases the risk of breast cancer.

Exposure to phytoestrogens during development or early life may play an important role
in programming hormonal homeostasis and thus influence an individual’s later life risk of
developing cancer. Although the animal data on breast cancer and exposure to
isoflavones is somewhat conflicting (as is the case in most areas of research), a number of
studies have shown that genistein has a protective effect in animal models of chemically
induced cancer.

In May of 2003, a comprehensive report of the Committee on Toxicology of Chemicals
in Food, Consumer Products and the Environment was drafted to advise on the health
implications of dietary phytoestrogens through a comprehensive review of published
scientific research and the United Kingdom’s Food Standards Agency’s Phytoestrogen
Research Programme. This 441 page report concluded: “animal studies suggest that
exposure to phytoestrogens in early life inhibits development of breast cancer later in
life.” Although this working group recommends that future research examine what
effects maternal exposure to phytoestrogens may have on the fetus and on the subsequent
health status of the child (because there are no human studies published on this topic),
nowhere in this report does it state that pregnant women should avoid soy during
pregnancy.




There is ample reason to think that research currently underway will show that soy
consumption is not contraindicated for women in any situation. In the meantime,
pregnant women should feel confident (and in fact should consider) consuming a
moderate amount of soy (10-25 grams) and soy isoflavones (30-100 mg) every day
(Messina and Messina, 2003) for optimal health.
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Soy Infant Formula: A Safe Viable Feeding Option for Infants

“All soy formula is worse than worthless for human infants and is nearly guaranteed to
cause problems down the road” according to Dr. Joseph Mercola
(http://www.mercola.com/2003/nov/26/soy_formula.htm; accessed June 26, 2004). Not
surprisingly, this is the same “expert” who states: “it is important to note that when
breast feeding it is wise to avoid drinking milk...” No one would argue that “breast is
best” when it comes to infant feeding. The American Academy of Pediatrics is
committed to the use of maternal breast milk as the ideal source of nutrition for infant
feeding. However, by 2 months of age, most infants in North American are formula-fed;
soy-based infant formula now constitute 25% of infant formula sales. Consequently, the
nutritional adequacy and safety of soy protein is of paramount importance to this
vulnerable segment of the population. Soy protein-based nutrition has been used during
infancy for centuries in the orient and experts agree it is a perfectly safe feeding option
for infants. This synopsis will correctly present the facts on soy infant formula as regards
the presence of phytoestrogens, impaired thyroid function, and manganese and aluminum
concentrations.

Phytoestrogens. Soy formula is a significant source of two primary isoflavones, daidzein
and genistein (Essex, 1996). The main source of isoflavones in the pediatric age group is
from soy-based infant formulas and it has been calculated that the daily isoflavone intake
of infants may increase from 24.8 mg during the first week of life to 41.0 mg at 4 months
of age (Setchell et al., 1997). Thus, when adjusted for body weight, infants exclusively
fed soy-based formulas are exposed to isoflavones levels which are 6 — 11 times higher
than adults consuming soy foods and 4 to 13-fold higher than the 0.7 mg/kg intake shown
to exert significant physiologic effects on the hormonal regulation of the female
menstrual cycle (Cassidy et al., 1994). However, it is important to note that 65% of the
total isoflavones in soy formulas are present in the conjugated form (Setchell et al., 1997)
and it has generally been agreed that isoflavone glycosides cannot be absorbed from the
small intestine. Cleavage of the glycosidic bond occurs when the compound reaches the
established flora of the large intestine. These bacteria are absent in infants, at least
during the first few months of life and thus, most likely greatly reduce their estrogenic
effect (Zung et al., 2001). However, the fact that plasma total isoflavone concentrations
in infants fed soy-based formulas are 13,000 to 22,000 times higher than the plasma
concentrations of estradiol suggests that infants are able to efficiently digest and absorb
isoflavones. It has been postulated that isoflavone glycosides are glucuronidated and
actively transferred across the jejunum and ileum without the need for bacterial flora
(Spencer et al., 1999). However, several in vivo studies have shown that the biologic
effects of these high concentrations of isoflavones are mitigated by low bioactivity,
which results from their low affinity to estrogen receptors. In a long-term retrospective
cohort study, Strom et al. (2001) followed 811 subjects (85% of the initial study cohort)
in their 20’s or early 30’s who, as infants, had been given soy formula (120 males and
128 females) or cow-milk formula (295 males and 268 females) in a clinical trial. This
study found no evidence of hormonal or other adverse effects. No statistically significant
differences were found in general health and development between the two formula
groups in either females or males. In a comprehensive review by Chen and Rogan (2004)
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which evaluated the evidence on possible effects of isoflavones in soy infant formula
from both experimental and epidemiological studies, the authors concluded, “Limited
data did not indicate major developmental or functional disorders related to soy infant
formula use...Because the soy-fed infant appears to be exposed to enough compounds to
be pharmacologically active and yet there is not indication of such action in the 50 years
the formulas have been used, a unified interpretation of the current literature is not
possible.” There is no conclusive evidence that indicates that dietary isoflavones may
adversely affect human health development or reproduction (Klein, 1998; Merritt and
Jenks, 2004).

Manganese. Manganese is a trace element essential for life. Manganese toxicity is
extremely rare, but has been reported in mine workers exposed to high concentrations of
manganese dust, resulting in a disorder known as “manganese madness” (PDR for
Nutritional Supplements, 2001). There are also a few reports of manganese intoxication
occurring in those on long-term total parenteral nutrition (TPN). Dietary or supplemental
forms of manganese are quite safe. According to the Food and Nutrition Board of the
U.S. National Academy of Sciences, the estimated safe and adequate daily dietary intake
(ESADDI) level of manganese for infants aged 0 to 6 months is 300 to 600 mg; up to 10
mg is considered safe (PDR for Nutritional Supplements, 2001). There have been no
reports of manganese toxicity in healthy infants fed soy-based formulas. Manganese
levels in soy-based infant formula are higher than that of human breast milk. Human
breast milk contains 1 microgram of manganese per 100 ml while soy-based formulas
contain 25 micrograms of manganese per 100 ml. Thus, manganese levels in soy formula
are more that of breast milk. Although one group of researchers did report neurotoxicity
in rats given 500 micrograms of supplemental manganese (not soy formula) per day
(Tran et al., 2002), this level of manganese would be impossible to attain by an infant
consuming soy-based formula. In addition, rats absorb manganese differently than
human infants and are more prone to manganese toxicity. There have been no
published studies linking the manganese content in soy formula fed to healthy
infants to any adverse effect.

Aluminum. Aluminum, the third most common element after oxygen and silicon, is not
considered an essential nutrient for humans. However, it is widespread in food and water
supplies because of its presence in soil, water and air. Due to the fact that the soybean
plant accumulates aluminum from the soil, soy-based infant formulas are known to
contain high levels of aluminum. The aluminum content of human milk is 4 to 65 ng/mL,
while that of soy protein-based formula is 600 to 1300 ng/mL (Fomon and Ziegler, 1979).
Despite the higher aluminum concentrations in soy formula, serum aluminum levels in
breast fed infants do not differ significantly from levels in infants fed soy formula (Litov
et al., 1989). Although there was a case report published in the Lancet in 1985
documenting a high concentration of aluminum in the brain of two infants with
congenital kidney disease associated with the consumption of soy formula (Freundlich et
al., 1985), these same researchers later acknowledged that unrecognizable sources of
aluminum (e.g., intravenous fluids) may have contributed to the excessive concentrations
of aluminum in the brain (Freundlich et al., 1990). No other case reports have found
problems with aluminum in soy formula. Aluminum from infant formula is not of
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concern for infants with normal kidney function, since the kidney absorbs very little
aluminum and that which is absorbed is excreted by the kidney and eliminated through
the urine. Further, the aluminum intake of infants using soy formula is only about 25%
that of the upper tolerable level established by the Food and Agriculture Organization.
The aluminum content of soy formula is not viewed as a contraindication to its use.

Thyroid Function. There is no convincing evidence that soy protein has an adverse
effect on thyroid function in healthy human infants consuming adequate iodine (Messina,
2001). There is evidence that animals exposed to large amounts of soy protein will
develop goiter, particularly when fed an iodine deficient diet (Filisetti and Lajolo, 1981).
This is due to the fact that the principal isoflavones in soy, genistein and daidzein, have
been shown to inhibit thyroid peroxidase (Divi et al., 1997) and 5'-deiodinase (Cody et
al., 1989), key enzymes involved in thyroid hormone biosynthesis. The inhibition of these
enzymes results in decreased levels of circulating thyroid hormones (e.g., T4 and T3),
which leads to increased secretion of thyroid stimulating hormone (TSH) by the anterior
pituitary. The increased levels of TSH provide a growth stimulus to the thyroid, resulting
in goiter. It must be emphasized, however, that this occurs only with very large amounts
of soy isoflavones in the diet and/or when the diet is low in iodine. Researchers at the
National Center for Toxicological Research in Jefferson, Arkansas have found that, even
though substantial amounts of thyroid peroxidase activity are lost when soy isoflavones
are consumed by normal rats, the remaining enzymatic activity is sufficient to maintain
thryoid homeostasis in the absence of additional perturbations (Chang and Doerge, 2000).
Further, dietary soy isoflavones are not the only dietary flavonoids that can inhibit
thyroid peroxidase. A variety of other flavonoids have also been shown to be even more
potent in inhibiting the activity of this enzyme, including kaempferol, naringenin, and
quercetin (Divi and Doerge, 1996). Such flavonoids are widely distributed in plant-
derived foods and would be consumed daily at relatively high levels (possibly up to 1
gram or more per day) by vegetarians or semi-vegetarians, yet these individuals do not
have a significant increased incidence of goiter. In the late 1950s, 10-15 cases of goiter
were identified in infants fed non-iodized soy flour-based infant formula. However, this
type of formula has not been used since the 1960s. Today, soy formula is based on soy
protein isolate and is fortified with iodine. No cases of goiter in infants, due to the
consumption of soy protein isolate-based iodized formula as is used today, have been
reported in the scientific literature.

Conclusions

Soy infant formula has been used safely by millions of infants over the course of the last
several decades. According to a 1998 policy statement from the American Academy of
Pediatrics: “In term infants whose nutritional needs are not being met from maternal
breast milk of cow milk-based formulas, isolated soy protein-based formulas are safe
and effective alternatives to provide appropriate nutrition for normal growth and
development” (American Academy of Pediatrics, 1998).
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Soy and Breast Cancer: What’s the Real Story?

The low breast cancer mortality rates in soyfood consuming populations has prompted
researchers to examine the role of soy and soy components in reducing the risk of various
types of hormone-dependent cancers (Messina et al., 1994; Fournier et al., 1998),
particularly breast cancer (Barnes et al., 1997). The relationship between soy intake and
breast cancer risk is one of the most controversial areas of soy research today. This is
primarily because soy contains isoflavones, which have estrogen-like activity and greater
lifetime exposure to estrogen has been associated with increased breast cancer risk.
Further, a small number of animal studies resulting from one research group have shown
that when immune deficient mice who have had their ovaries removed (to stop estrogen
production) were implanted with estrogen receptor positive breast cancer cells and then
given the isoflavone genistein, tumor growth was stimulated in comparison to mice not
given genistein (Hsieh et al., 1998; Allred et al., 2001). However, this model of breast
cancer has been very highly criticized on methodological grounds and cannot be
extrapolated to postmenopausal women who have some (albeit low) level of circulating
estrogen. Further in a similarly designed experiment in which mice were not
ovariectomized (and thus serum estrogen levels were high), genistein actually inhibited,
rather than stimulated tumor growth (Shao et al., 1998). Nevertheless some so-called
experts state that that soy consumption may actually increase the risk of breast cancer
(http://www.mercola.com/2000/aug/20/soy_dangers.htm: accessed August 2, 2004).
However, there is absolutely no convincing epidemiological or clinical evidence that soy
consumption increases a woman'’s risk for breast cancer. In fact, some experts state that
even breast cancer patients can safely consume moderate amounts of soy (Messina and
Loprinzi, 2001). This review will briefly review the role of soy in breast cancer risk and
present a balanced view of the evidence.

Interest in the potential role of soy in breast cancer prevention stemmed initially from the
observation that women from Southeast Asia have very low rates of breast cancer
mortality compared to Western women. For example, the breast cancer death rates (per
100,000) in Japan are 6.7 compared to 27.4 in the U.S. (Meng et al., 1997). In addition,
when women from Southeast Asia immigrate to Western countries, their breast cancer
rates increase within one to two generations, suggesting that differences in breast cancer
rates between Southeast Asian and Western countries are not due to genetics but rather
environmental factors (Shimizu et al., 1991), including dietary. Lending further credence
to this hypothesis is the fact that soy intake in Southeast Asian populations is
significantly higher than that of Western populations (Nagata, 2000). These observations
prompted the National Cancer Institute to hold a workshop on the potential role of soy in
reducing the risk of cancer, during which five known anti-carcinogenic compounds in
soybeans were identified: saponins, phytates, protease inhibitors, phytosterols, and
isoflavones (Messina and Barnes, 1991). Of these, it has been unquestionably the
isoflavones that have garnered the most research attention. Over 600 research papers are
published annually on this soy phytochemical (Lu et al., 2001).
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Isoflavones are a type of flavonoid, a class of compounds widely distributed through
nature. However, soybeans are the only significant dietary source of these bioactive
components as demonstrated in the United States Department of Agriculture’s online
database: (http://www.nal.usda.gov/fnic/foodcomp/Data/isoflav/isoflav.html). From a
biochemical and physiological standpoint, isoflavones are intriguing in that they have a
molecular structure similar to that of the human estrogens and thus elicit estrogen-binding
activity. However, isoflavones act as weak estrogens, binding to the estrogen receptors
with only 10” and 107 of the activity of 17B-estradiol. Additionally, more recent
research has demonstrated that isoflavones bind to, and preferentially activate, the newly
discovered estrogen receptor, estrogen receptor beta (ER-83), which is differentially
expressed in tissues. Isoflavones are increasingly being viewed as selective estrogen
receptor modulators (SERMS), meaning that they exert estrogen-like effects on the
bones, coronary vessels and the brain and anti-estrogenic effects on the breast and
endometrial tissue (Setchell, 1998). In fact, some experts object to referring to
isoflavones as phytoestrogens. SERMs such as tamoxifen (a breast cancer therapeutic
agent) and raloxifene (an osteoporosis therapeutic agent) have estrogen-like effects in
some tissues but either null or antiestrogenic effects in other tissues. Similarly, soy
isoflavones are thought to exert the same beneficial effects of estrogen without the
disadvantages, including increasing cancer risk.

With the exception of the studies utilizing athymic, immune-deficient mice discussed
above, the bulk of in vivo studies show that soy at least modestly inhibits mammary
tumorigenesis in adult animals. Although the addition of soy to a standard laboratory diet
does not significantly inhibit tumor incidence (the percentage of animals in the group
with tumors, in most cases, soy consumption does inhibit tumor multiplicity (number of
tumors per animal) by 25 to 50% (Haddak et al., 2000). Perhaps the most intriguing
animal data come from researchers at the University of Alabama (Lamartiniere, 2000).
They have shown that in rats, neonatal exposure to genistein reduces later development of
carcinogen-induced mammary cancer by approximately 50% (Lamartiniere et al., 1995a;
Lamartiniere et al., 1995b; Murrill et al, 1996). These findings are thought to be due to
the fact that exposure to genistein during critical periods of mammary gland development
can render the mammary gland less susceptible to DNA damage by carcinogens later in
life. These animal studies are supported by recent epidemiological findings. In a
recently conducted large scale case-control study in Shanghai (Shu et al., 2001), women
who consumed approximately 11 grams of soy protein per day during their teenage years
(13-15) were almost 50% less likely to develop breast cancer as adults than adult women
who consumed <2 grams of soy protein/day during this period. Thus, it may be
important for adolescent and teenage girls to consume soy daily at a level resembling
Asian soy consumption (15 grams of soy protein; 50 mg isoflavones) to reduce risk of
breast cancer later in life (Messina and Messina, 2003).

Increases in mammographic density have been associated with a 4- to 6-fold increased
risk of breast cancer (Atkinson et al., 1999) and soy intake has been associated with
reduced mammographic density patterns. A randomized, placebo controlled study
investigating the effect of an isoflavone supplement (40 mg/day) has suggested a
significant reduction in density in women aged 56-65 compared to age matched controls
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(Atkinson and Bingham, 2002). Similar results were noted in a cross-sectional study in
Singapore-Chinese women who were asked to self-report dietary intake of soy and soy
isoflavones (Jakes et al., 2002). Women with the highest reported dietary intake of soy
and soy isoflavones were associated with low-risk mammographic parenchymal patterns.

Although two human studies have prompted concerns about women with estrogen
receptor positive breast cancer consuming soy, both of these studies were
methodologically flawed. The first study found that daily consumption of 38 g soy
protein over 5 months in premenopausal women was associated with an increase in breast
nipple aspirate fluid secretion and breast cell proliferation (Petrakis et al., 1996), which is
typically viewed as a marker for increased breast cancer risk (Preston-Martin et al.,
1993), but not always (Mommers et al., 1999). However, this study lacked a control
group and fluid secretion also continued to increase in women even after soy feeding was
discontinued. Further, Bouker and Hilakivi-Clarke (2000) noted that women were
eligible for the study only if they were secretors of nipple aspirate fluid. The second
study that has raised concern in breast cancer survivors examined the effects of feeding
60 g of textured vegetable protein (containing 45 mg isoflavones) for 2 wk on breast cell
proliferation in premenopausal women with benign or malignant breast disease A
preliminary analysis of this study based on biopsies from only half of the subjects
indicated soy consumption markedly increased breast cell proliferation (McMichael-
Phillips et al., 1998). However, in the final analysis, which included all 84 subjects, no
such effect on breast cell proliferation was noted (Hargreaves et al., 1999).

In conclusion, on the whole, the evidence suggests that consuming moderate amounts of
soy is much more likely to be of overall benefit to health rather than harmful, both in
terms of breast cancer risk and other chronic diseases.
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Soy and Menopause

Menopause is defined as the spontaneous, permanent ending of menstruation that is not
caused by any medical intervention. In the Western world, most women experience
natural menopause between the ages of 40 and 58 with the average age being 51 (North
American Menopause Society, 2003). Perimenopause includes the 3-6 year interval
before the last period and is characterized by wildly fluctuating hormones resulting in a
plethora of symptoms, including hot flashes, night sweats, vaginal dryness, insomnia and
mood swings (Love, 2003). The hot flash is the most common discomfort experienced
by perimenopausal women.

The potential role for soy and/or soy isoflavones as an alternative for hormone
replacement therapy (HRT) (Messina, 2003; Wuttke et al., 2003) and particularly in the
alleviation of the vasomotor symptoms associated with menopause (Messina and Hughes,
2003) has been a subject of much discussion over the last several years, particularly in
light of the results of two large clinical trials: (1) Heart and Estrogen/Progestin
Replacement Study and (2) Women’s Health Initiative (WHI)—both of which showed
that the long-term possible harm of HRT outweighed any potential benefit.

The WHI was a National Institutes of Health (NIH) multi-center trial that began in 1993.
One arm of the trial consisted of a randomized, blinded, placebo-controlled hormone
study involving 16,608 women, aged 50 to 79 (average age 63.2) who received either
placebo or continuous combined estrogen (0.625 mg/day conjugated equine estrogens)-
progestogen (2.5 mg/day of medroxy-progesterone acetate) therapy (Prempro). Risk of
coronary heart disease (CHD), stroke and breast cancer increased by 29%, 41% and
26%, respectively, while the risk of colon cancer and osteoporosis of the hip and spine
decreased 37%, 34% and 34%, respectively (Rossouw et al., 2002). Because of these
findings, the combined estrogen-progestogen arm of the trial was terminated after 5.6
years rather than the planned 8.5 years. Although the estrogen-only treatment group was
allowed to continue, this arm was also terminated on February 2, 2004 when the NIH
concluded that, after an average of nearly 7 years of follow-up, estrogen alone does not
appear to affect (either increase or decrease) heart disease, a key question of the study.
At the same time, estrogen alone appears to increase the risk of stroke similar to what
was found in the WHI study of estrogen + progestin when that trial was stopped in July
2002. (http://www.nlm.nih.gov/databases/alerts/estrogen_alone.html, accessed August
7,2004). No increase in breast cancer was noted. As HRT data have been further
analyzed the cardiovascular and dementia risks have also been identified. In summary,
according to WebMD Health (http://www.webmd.com/) accessed August 7, 2004):

+ HRT-related breast cancers first become apparent after 4 years of HRT use. The
number of HRT-related breast cancers increased with each additional year of
HRT use. Women taking HRT generally had larger, more advanced tumors than
women who developed breast cancer while taking placebo treatment (Rossouw et
al., 2002)

» HRT slightly increases heart attack and stroke risk in all healthy postmenopausal
women regardless of risk factors (Manson et al., 2003).
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» HRT slightly increases the risk of blood clots in the lungs and legs in all healthy
postmenopausal women regardless of risk factors (Wassertheir-Smoller, 2003)

« HRT increases the risk for Alzheimer’s disease and other dementias in women
aged 65 and older. The increased risk first becomes apparent in women taking
HRT for more than 4 years. The WHI researchers have concluded that HRT does
not provide protection from dementia or cognitive impairment, as was previously
believed (Shumaker et al., 2003).

* Among HRT users, the number of abnormal mammograms increases by
approximately 4% per year, first apparent after 1 year of HRT use. Daily estrogen
plus progestin increased breast density compared to estrogen alone or placebo.

The Heart and Estrogen/progestin Replacement Study (HERS), was a randomized clinical
trial of estrogen plus progestin, with or without statin drugs, vs. placebo, in 2763
postmenopausal women with heart disease. HRT resulted in a statistically significant
increase in early risk for primary events in women who did not use statins (Relative
Hazard =1.75, 95% CI 1.02 to 3.03, P=0.04) but not in statin users (RH=1.34, 95% CI
0.63 to 2.86, P=0.45).

Due to findings from the WHI and HERS studies, the percentage of women aged 50 to 74
taking HRT has declined from 42% in 2001 to 38% in July 2003. The decline in the use
of Prempro, the specific type of HRT used in the WHI has been even more dramatic—
decreasing by 70%. Women are seeking alternatives to HRT and one of the leading
alternatives they are turning to is soy.

The role of soy in the amelioration of hot flashes and night sweats associated with
menopause was first noted more than 10 years ago by Lock (1991) in a survey of over
2,600 Japanese and Canadian women. She noted that 30.9% of the Canadian women had
experienced a hot flash in the preceding two weeks compared to only 9.7% of the
Japanese women. In addition, only 3.6% of the Asian women experienced night sweats
compared to 19.6% of the Canadian women. These findings are consistent with the fact
that approximately two-thirds of North American women experience perimenopausal hot
flashes (North American Menopause Society, 2003) while American women of Chinese
and Japanese ancestry are about one-third less likely to report experiencing hot flashes
(Gold et al., 2000).

It was first suggested by Adlercreutz et al. (1992) that the estrogen-like properties of
isoflavones might explain the low incidence of hot flashes reported by women in Japan.
Since that time, more than two-dozen clinical trials have been conducted to investigate
the efficacy of either soy or red clover isoflavones in alleviating hot flashes. A recent
review of 19 trials involving more than 1,700 women evaluated the efficacy of soyfoods
and isoflavones supplements for the alleviation of hot flashes (Messina and Hughes,
2003). Overall, they found that there was a statistically significant relationship (p=0.01)
between initial hot flash frequency and treatment efficacy with initial hot flash efficacy
explaining about 46% of the treatment effects. The frequency of hot flashes decreased by
approximately 5% (above placebo or control effects) for every additional hot flash per
day in women who experienced five or more hot flashes per day. More specifically, of
the 11 studies that examined the effects of soyfoods (see references 48-58 in the review
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by Messina and Hughes), only one (Albertazzi et al., 1998) found a statistically
significant decrease in hot flash frequency in the treatment versus the control group.
Although an additional study by Washburn et al. (1999) found that soy protein isolate
reduced hot flash severity but not incidence, this only occurred when the isolate was
consumed twice per day.

In contrast to the relative lack of effect of soy foods on hot flashes, four out of five
studies utilizing isoflavones supplements indicate a statistically significant decrease in
hot flashes compared to the control treatment (Upmalis et al., 2000; Scambia et al., 2000;
Han et al., 2002; Faure et al., 2002). The isoflavones concentrations in these studies
ranged from 50 mg to 100 mg per day and resulted in an absolute percent change in hot
flash frequency versus the treatment group ranging from 19.5% to 35.8%. The authors
conclude: “Although conclusions based on this analysis should be considered tentative,
the available data justify the recommendations that patients with frequent hot flushes
consider trying soyfoods or isoflavones supplements for the alleviation of their
symptoms” (Messina and Hughes, 2003). In a recent position statement, the North
American Menopause Society recommends that, for relief for mild vasomotor symptoms,
women should first consider lifestyle changes, either alone or combined with a
nonprescription remedy, such as dietary isoflavones, black cohosh, or vitamin E.
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Soy and Brain Function: Fact vs. Fiction

“Soy shrinks the brain” is the proclamation seen on many “anti-soy”” websites. Such sites
state that this sobering soybean revelation is “for real” and not “science fiction.”

The reality is that concerns about soy consumption and brain dysfunction are based
almost exclusively on a single study from the Honolulu-Asia Aging Study published by
Dr. Lon White and his colleagues in 2000 (White et a/, 2000). The study had many
confounding factors and limitations as discussed below.

This prospective, epidemiologic (population-based) study involved 3,734 Japanese-
American men living in Hawaii who were tested with the Cognitive Abilities Screening
Instrument (CASI) during a 1991-1994 examination. During that time, the subjects were
asked about tofu consumption at two different time points during midlife: 1965-1967 and
1971-1974. The investigators found that poorer cognitive test performance in later life
was weakly associated with a more oriental midlife diet. More specifically, men who
consumed tofu approximately 2-4 times per week had odds ratios (OR) in the range 1.6 to
2.85 when compared with those eating less than 2 servings/week during the 30 year
follow-up period. For markers of cognitive impairment (i.e., poor cognitive test scores),
the OR was 1.62 (CI 1.06-2.46); for low brain weight the OR was 2.08 (CI 0.97-11.45)
and for ventricular enlargement the OR was 2.85 (CI 0.73-11.16).

It must be noted that epidemiologic studies such as this one cannot be used to establish
cause and affect relationships; they can only identify associations. This study relies on
the accuracy of tofu intake data and the results may have been influenced by inaccuracies
resulting from the imprecise nature of the methodology employed as discussed in greater
detail below. The realities of the study conducted by White and colleagues are these:

1. Tofu consumption may be an indicator, not a cause, of other risk factors
associated with dementia. There are many environmental and genetic factors involved in
the development of dementia. It is possible that other foods or lifestyle factors linked
with high tofu consumption, not the consumption of tofu per se, were responsible for the
relationship found.

2. East Asian countries have a lower incidence of dementia and tend to have a lower
incidence of Alzheimer's disease than do European countries. Therefore, it would be
inconsistent to conclude that high tofu consumption (which is indicative of an Asian
lifestyle) increases the risk of dementia if rates of dementia increased as a Western
lifestyle is adopted.

3. An article published by Dr. White in the Journal of the American Medical
Association in 1996 (White et al., 1996) found that dementia was probably more
prevalent among those men who did not return for cognitive exams compared to those
who participated. The absence of data from these men could have greatly skewed the
study results, particularly if they were low tofu consumers. Inclusion of data from these
men in the study might have shown that dementia levels do not change with the amount
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of tofu consumed. In fact, in a letter to the editors of the Journal of the American
College of Nutrition (Guo et al., 2000), it was pointed out that handling of missing data
for 596 individuals in the 2000 study by White could have led to an overestimation of the
odds ratios. More specifically, there were 596 individuals who were nonrespondants to
the 1971-1974 interview and hence provide no information for the second measurement
of tofu consumption. White and his colleagues assigned missing values for all 596
individuals and treated them as reporting having one serving of tofu per week. This
could have resulted in a biased overestimation of odds ratios.

4. Many foods in addition to tofu comprise a traditional Asian diet. Dr. White's
study looked at only 26 of these foods. In addition, the form documenting dietary intake
in 1965 may not have been the best tool to collect these data. The revision of the tool for
the 1971 collection changed the way tofu intake was recorded. Tofu intake may not have
been accurately measured when these two data sets were combined for Dr. White's
analysis.

5. Finally, and most importantly, this is only a single study. No public health
recommendations should even be hinted at, let alone declared, with such a paucity of
data. More recent research supports the hypothesis that soy isoflavones may have a
beneficial, not a harmful, effect on cognitive function. Animal studies have demonstrated
that following dietary administration, soy isoflavones enter the brain in sufficient
quantities to activate estrogen receptor 3, a newly discovered estrogen receptor to which
isoflavones appear to preferentially bind (Enmark and Gustafsson, 1999). Moreover,
administration of soy isoflavones has been shown to improve cognitive function in
female rats (Pan et al., 2000; Lephart et al., 2002).

According to a recent comprehensive report on Phytoestrogens and Health prepared by
Food Standards Authority Committee on Toxicity (2003), the report by White et al., 2000
did not provide sufficient evidence to confirm the association between high levels of
consumption of soy-based foods and decreased cognitive function in a group of Japanese-
American men and women as the report “lacked sufficient detail and the associations
may have resulted from inaccuracies in the methods employed.”

More importantly, three clinical intervention studies (one in young men and women and
two in postmenopausal women have found that a high soy diet (100 mg isoflavones per
day) or the use of isoflavone supplements (60 — 70 mg/day) favorably affected several
aspects of memory and cognition.

In the first study by File et al. (2001), the effects of soy on cognitive function were
assessed in a 10-week placebo-controlled intervention trial of student volunteers aged 22-
30 years (15 males and 12 females) who were matched for age, IQ, measures of anxiety
and depression and caffeine intake. Subjects consumed calorically equivalent diets
containing 0.5 or 100 mg total isoflavones per day. Tests of cognitive function were
assessed relative to a pre-study baseline and compared with the placebo group. The tests
included measures of attention, short-and long-term memory and mood. Subjects in the
high isoflavone group showed small but statistically significant improvements in tests of
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short and long term memory (p < 0.05), mental flexibility (p < 0.05) and were treated as
more restrained in a self-assessment of mood (p < 0.05).

A second study by Kris-Silverstein et al. (2001) involving 56 women (ages 55-74)
randomly allocated to placebo or soy isoflavones (110 mg/day) for 6 months found that
those receiving soy showed significantly greater improvement in category fluency, story
recall, and task planning, suggesting that isoflavone supplementation has a favorable
effect on cognitive function, particularly verbal memory, in postmenopausal women.

In a third study by Duffy et al., (2003), 33 postmenopausal women (50-65 years) not
receiving convention hormone replacement therapy (HRT) were randomly allocated in a
double-blind parallel study to receive a soy supplement (60 mg total isoflavone
equivalents/day) or placebo for 12 weeks. They received a battery of cognitive tests and
completed analogue rating scales of mood and sleepiness before the start of treatment and
then after 12 weeks. Those receiving the isoflavone supplement showed significantly
greater improvements in recall of pictures and in a sustained attention task. Isoflavone
supplementation also significantly improved learning rule reversals and task planning.

In conclusion, does soy in fact “shrink the brain”? To the contrary, soy isoflavone
consumption appears to favorably affect several aspects of memory and cognition,
although the overall data are too limited to be used for the basis of intake
recommendations at this time (Messina and Messina, 2003).
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