PRACTICE POINT

Concerns for the use of soy-based formulas

in infant nutrition

In 1998, a Joint Working Group statement was published,
titled “Nutrition for Healthy Term Infants” (1) and
authored by the Canadian Paediatric Society, Dietitians of
Canada and Health Canada. In the statement, breastfeeding
was recognized as the optimal method for feeding infants. As
part of the statement, the use of soy-based formulas was rec-
ommended for only those infants who could not have dairy-
based products because of health, cultural or religious reasons,
such as a vegan lifestyle or due to galactosemia (1). At the
time of the statement’s release, utilization rates of soy-based
formula were up to 20% among infants in Canada, which
were far greater than could be accounted for by the aforemen-
tioned reasons. The high utilization rates were presumably
because of the ongoing use of soy-based formulas due to per-
ceived or real allergy to cow’s milk protein (CMP) (1), and
perhaps due to the lack of lactose-free CMP formulas, of
which there are now plenty.

Also briefly discussed in the “Nutrition for Healthy Term
Infants” statement was the subject of phytoestrogens, which
are a component of soy-based formulas. Over the past several
years, the potential harms and benefits of phytoestrogens have
been raised in the media and medical literature, sparking con-
cern about the short- and long-term implications for infants
who have been exposed to them through consumption of soy-
based infant formulas as their sole source of nutrition.

Therefore, the purpose of the present practice point is
twofold. First, to provide an update on what has been
learned about phytoestrogens and the implications of their
presence in soy-based infant formulas. Second, to revisit the
recommendations regarding the use of soy-based formulas,

particularly as they apply to the treatment of infants with
CMP allergy (CMPA).

PHYTOESTROGENS - WHAT ARE THEY AND
SHOULD WE BE CONCERNED ABOUT THEIR
PRESENCE IN SOY-BASED INFANT FORMULAS?
Although at present there is no definitive evidence that
phytoestrogens have toxic effects in human infants who
are fed a diet of soy formula, concern has been raised from
research carried out in vitro and in animal studies. The
present practice point seeks to provide an overview of
phytoestrogens and soy formulas. More detailed informa-
tion on phytoestrogens and human health is available
through several excellent expert panel reviews (2,3) on
the subject. In reviewing this topic, it is important to be
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clear on soy nomenclature. Some of the confusion in inter-
preting the literature on soy is the varied forms in which
this product can be consumed. It ranges from whole soy
foods evaluated in epidemiological studies to components of
soy, such as soy concentrates, soy isolates, isolated isofla-
vone mixtures, supplements or pure isoflavones (4).

Phytoestrogens are plant-derived substances with estrogenic
activity. Soy-based infant formulas contain phytoestrogens of
the isoflavone class, which includes genistein, daidzein and
glycitein. These isoflavones are relatively weak estrogens,
with approximately 1/1000 to 1/10,000 of the potency of
estradiol in the rodent uterotrophic assay — the ‘gold stan-
dard’ for determining estrogenic activity in experimental
animals (5,6). However, they are present in relatively large
amounts in soy-based formulas, such that the total isofla-
vone content is approximately 40 pg/mL in ready-to-use soy
formulas. Infants who consume these products have isofla-
vone plasma concentrations of approximately 13,000 to
22,000 times greater than their estradiol plasma concentra-
tions. In contrast, the plasma concentrations of isoflavones in
infants who are fed cow’s milk formula or breast milk are only
50 to 200 times greater than their estradiol plasma concentra-
tions (7). There is concern that these isoflavones may mimic
the actions of estradiol or alter estradiol metabolism, and
consequently modify the processes influenced by estradiol.
Despite this theoretical possibility, practical experience has
shown that the millions of infants who have consumed these
products since the 1960s appear to have grown and matured
normally.

The daily intake of phytoestrogens by infants consuming
soy-based formula ranges from 4 mg/kg to 11 mg/kg body
weight (7). This dose is greater than the daily intake of
approximately 1 mg/kg body weight of an adult consuming
a traditional Japanese diet or a person consuming a modest
amount of soy products (8). Over 94% of the phytoestro-
gens in soy-based infant formulas are present in a biologi-
cally inactive form, primarily as beta-glycosylated isoflavones
(7). Once ingested, phytoestrogens are activated by the
removal of glycoside by bacteria in the intestinal tract — a
process necessary for absorption (9). Data from animal studies
(10) suggest that phytoestrogens may be transformed into an
inactive glucuronidated form during the absorption process, or
once absorbed, they may be inactivated by the liver through

the formation of glucuronidated or sulfated isoflavones.
Whichever the case, clinical data show that 0% to 3% of
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the phytoestrogens present in the plasma of infants who
consume soy-based formula are in the biologically active
form (11). Infants that are fed soy-based formulas do not
accumulate phytoestrogens in their plasma (12).

Although no overt toxicity is associated with the con-
sumption of soy-based infant formula in healthy infants
(13), a recent clinical study (14) has reported the develop-
ment of abnormal thyroid function from the ingestion of
soy-based formula in infants with congenital hypothyroidism.
Data from animal studies (15) suggest that phytoestrogens
can inhibit thyroid peroxidase, potentially lowering free thy-
roxine concentrations, which could lead to abnormal thy-
roid function. Therefore, infants with congenital
hypothyroidism who are fed soy-based infant formulas
should have their thyroxine levels monitored. This does
not appear to be a problem in infants with healthy thyroid
function.

The results of the animal experiments are often not
applicable to the human infant because they involve
exposing animals for relatively longer periods of time than
humans, treating animals with higher doses than human
exposure, administering phytoestrogen by routes not rele-
vant to the human situation or a combination of these
factors. Other animal studies (16-18) have shown no sig-
nificant physiological effects under more applicable con-
ditions. Although the neonatal rodent is a useful model
for exploring potential toxicities, it is not equivalent to
the human newborn in terms of developmental stages
(19); therefore, results from this model should only be
applied to the human infant with caution. Animal studies
(7,20-23) have shown that consumption of phytoestrogens
can result in infertility. Furthermore, exposure of neonatal
animals to the isoflavones present in soy-based formula
can cause subtle alterations in sex organ development
(24-26), brain maturation (27) and immune system func-
tion (28), and can also stimulate cancer development
(29). Although these results highlight areas of concern
that require further study, the direct extrapolation of these
findings to human infants is problematic for a number of
reasons (3,4).

A recent retrospective human study (30) showed that
adults who consumed soy-based formulas as infants were not
different from adults who had been fed cow’s milk-based
formulas with respect to reproductive maturity, cancer
development and general health. No statistically significant
differences were found between the two adult male groups.
Women fed soy-based formulas as infants had a slightly
greater incidence of regularly using asthma and allergy
medications than the group who were fed cow’s milk formu-
las (P=0.047). Also, women who were fed soy-based infant
formulas had a slightly longer duration of menstrual bleed-
ing (0.37 days) and experienced more discomfort during
their menstruation than the group who were fed cow’s milk
formulas. The authors of the study did not consider these
findings to be biologically significant, but others had con-
cerns about the potential implications of these findings

(31).
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Currently available soy-based formulas support normal
growth and nutritional status for the first year of life, with
no overt toxicities observed in normal infants (3,32-37).
However, soy-based infant formulas may not adequately
promote growth in premature infants, and its use in this
population is not recommended (3,38). Long-term safety
data are very limited, but no significant toxicities have been
reported (30). In addition to these studies, over 40 years of
use support the safety of currently available formulations
(39). The Committee on Toxicity (United Kingdom)
released a report in 2003 titled “Phytoestrogens and Health”
(2), which identified infants who were fed soy-based formu-
las as the population subgroup with exposure to the highest
concentrations of isoflavones. Although this committee did
not identify definitive evidence of adverse health effects in
their review, they believed that the potential risks were a
concern. The Committee on Toxicity also sought consulta-
tion with the United Kingdom’s Scientific Advisory
Committee on Nutrition, who suggested that there was no
substantive medical need for, nor health benefit arising
from, the use of soy-based infant formulas.

THE ROLE OF SOY-BASED FORMULAS IN CMPA
There is no argument that CMPA is the most common
food allergy experienced by infants. Prospective studies
(40-43) have demonstrated a CMPA incidence of approx-
imately 2.5% among infants younger than one year of age.
However, making a definitive diagnosis of CMPA can be
difficult. Infants are most commonly diagnosed with
CMPA based on clinical symptoms, signs and laboratory
findings. Despite the recommendations made in the
“Nutrition for Healthy Term Infants” statement, soy-based
formulas, rather than extensively hydrolyzed formulas, are
frequently selected for many of these infants. The chief
reasons for selecting the soy-based formulas are their
reduced cost when compared with the hydrolyzed formulas
and their superior palatability (44). Although published
Canadian data on reasons for selecting soy-based formula
are lacking, a recent Israeli study (45) provided some
potentially applicable insights. Using a telephone survey
of mothers attending well-baby clinics, the researchers
showed that the role of the mothers in the decision to use
soy-based formulas was greater than that of the medical
personnel. Interestingly, a suspicion of CMPA was respon-
sible for approximately only 10% of all soy initiations in
the infants studied. The researchers reported that medical
personnel most commonly recommended soy-based for-
mula for occasional symptoms such as diarrhea or colic,
while personal preference without clinical justification
was the main reason stated among mothers (45).

A number of paediatric societies have published recom-
mendations on the use of soy-based formula in children,
frequently with discussions of its role in the management of
CMPA. With respect to its use in CMPA, the use of soy-based
formulas is only contraindicated for nonimmunoglobulin E
(IgE)-mediated CMPA (46). This contraindication stems

from the high rate of coincident soy allergies in these
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patients. It is clear that in patients with a documented IgE-
mediated CMPA, coincident soy allergy is much less frequent
(range 7% to 14%) (44,47,48). The differential risk of con-
comitant soy allergy between patients with IgE- and non-IgE-
mediated CMPA was drawn into question by results from a
recent study by Klemola et al (44). They failed to demon-
strate a significant difference in the number of adverse reac-
tions for infants with CMPA who were randomly assigned to
receive a soy-based formula versus an extensively hydrolyzed
formula. However, their results need to be viewed with the
possibility that a referral bias existed in that the authors were
allergists (and thus more likely to see IgE-mediated CMPA),
and that the patients at study entry were generally older than
those typically seen with non-IgE-mediated type CMPA — all
which may limit the applicability of their results to the non-
[gE-mediated CMPA population. Pending confirmation of the
Klemola et al (44) findings by other groups, the risk of adverse
reaction remains a concern if soy-based formulas were to be
used in the case of non-IgE-mediated CMPA.

Both the American Academy of Pediatrics and the
European Society for Paediatric Gastroenterology
Hepatology and Nutrition (ESPGHAN) Committee on
Nutrition recently produced papers on soy protein infant
formulas (38,49). They recommend extensively hydrolyzed
protein (or amino acid-based formulas if hydrolyzed formulas
not tolerated) for the treatment of infants with CMPA. The
ESPGHAN Committee on Nutrition also specified that espe-
cially for infants younger than six months of age, soy-based
formulas should not be used to treat CMPA given the higher
reported rate of adverse reactions to soy protein in the popu-
lation (38). This committee also recommended that before
soy-based formulas are selected in older infants, tolerance to
soy protein should first be established by clinical challenge
(38). Likewise, the Australian position statement (50)
clearly advocates for the strict avoidance of soy-based for-
mulas in infants with CMPA. The United Kingdom and
New Zealand recommendations, separately, have more
strongly recommended against the use of soy-based for-
mula for any indication, citing concerns about the
unknown risk of phytoestrogens when infants are receiv-
ing the formulas as the sole source of nutrition (2,51).

Some of the limitations to the studies on CMPA have
been the lack of uniformity in what is labelled or diag-
nosed as CMPA, and the failure to distinguish between
IgE- and non-IgE-mediated CMPA. (For the purposes of
the present paper, two broad types of CMPA are
described — IgE- and non-IgE-mediated. The authors rec-
ognize that this classification is a simplified version and
does not represent a true breakdown of the various clas-
sifications of hypersensitivity reactions). In part, this has
led to some apparently contradictory or unclear recom-
mendations for the treatment of CMPA. Symptoms and
signs alone have been used to make the diagnosis, but
these lack appropriate sensitivity and specificity for dis-
tinguishing between IgE- and non-IgE-mediated CMPA.
Traditionally an IgE-mediated CMPA would present with
urticaria, angioedema, respiratory and gastrointestinal
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features. In contrast, non-IgE-mediated CMPA presents
with significant gastrointestinal manifestations, most
frequently with blood in the stool. However, the bound-
ary between the symptoms and signs of IgE- and non-IgE-
mediated CMPA is not distinct. Skin prick testing or
detection of either specific or nonspecific IgE antibodies
can be helpful in the diagnosis of IgE-mediated allergies
if they are positive (52).

These tests function poorly in non-IgE-mediated aller-
gies (52). The gold standard for the diagnosis of CMPA is
the double-blind, placebo-controlled food challenge (53).
This procedure has been shown to be both sensitive and
specific for the diagnosis of food allergy, but can be cumber-
some and difficult to use in practice, especially in the con-
text of a clinical trial. Another limitation of many studies
on CMPA is the age of the infants at baseline. Most studies
have investigated infants who are older than six months of
age at presentation; however, for non-IgE-mediated CMPA,
the clinical presentation is usually before six months of age.
Because many of the studies have not examined patients in
this age group, it limits the applicability of the results to the
non-IgE-mediated CMPA population. In addition, prospec-
tive data on the comparative incidence of the two types of
CMPA are limited. Many researchers either have poorly
defined CMPA, or have not distinguished between the two
types of CMPA. It would appear that IgE-mediated CMPA
may be more frequent than non-IgE-mediated CMPA, with
60% to 40% breakdown, respectively (40).

The problem, however, is that in most circumstances it
will be the primary care physician who will be making the
differentiation. It is often difficult to make the distinction
between IgE- and non-IgE-mediated CMPA. If available,
consultation with an allergist to make the distinction
between IgE- and non-IgE-mediated CMPA would be very
helpful. On a population level, the latter approach may not
always be possible. Therefore, the safer route is to recom-
mend the use of extensively hydrolyzed infant formula when
a diagnosis of CMPA is made, with the caveat that if non-
IgE-mediated CMPA can be satisfactorily ruled out, then
the use of soy formula is not contraindicated.

IMPLICATIONS FOR PRACTICE
Breastfeeding remains the first choice for infant feeding.
There are concerns based on animal and in vitro data
regarding the phytoestrogen content of soy-based formu-
las, and the potential risks for those infants who receive
their sole sources of nutrition from these formulas.
However, based on available human data, no overt harm
has been proven with the use of currently available soy-
based infant formulas as the sole source of nutrition for
infants. An exception to this remains the use of soy-based
formulas in premature infants or infants with congenital
hypothyroidism. In clinical practice, a perceived indication
by clinicians for the initiation of soy-based formula is
CMPA. Although not all CMPA requires protein hydro-
lysate formulas, given the impractical nature of distinguish-
ing IgE- versus non-IgE-mediated CMPA, it is safer and
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more appropriate from a public health standpoint to recom-
mend a protein hydrolysate formula.

Cost has been identified as a barrier to the use of protein
hydrolysate formulas. Given the limited indications for the
use of soy-based formulas, there is a role for physicians: to
counsel families about breastfeeding, to inform families
about alternative formulas, and to advocate on the behalf of
families to the government for assisted coverage of protein
hydrolysate formulas when used to treat CMPA.
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