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CAN WE PREVENT FOOD ALLERGIES
BEFORE THEY START? THE EMERGING
SCIENCE OF EARLY INTRODUCTION

By Christopher M. Warren, PhD

Convergent data from a variety of sources clearly indicate that food allergy (FA)
prevalence has markedly increased over recent decades.!* IgE-mediated food allergy
is now estimated to directly affect roughly 8% of U.S. children and 11% of U.S. adults,
rendering it of major public health importance.>¢ Of U.S. children and adults with FA,
nearly half are estimated to have current allergies to multiple foods.” Both genetic and
environmental factors are implicated in the development of food allergies. Research
indicates moderate associations between family history of FA (and other allergic diseases
like atopic dermatitis and asthma) and increased risk of pediatric FA.2 However, most
children with FA do not have a parent with a FA,° which highlights the importance of
Squy life environmental exposures—the most important of which is arguably the infant
let.

Delay in introducing commonly allergenic solids (e.g. peanut protein, cow’s milk, hen's
egg) has been linked observationally to increased risk of developing allergic conditions,
including not only FA, but also asthma and allergic rhinitis.’*!? While the mechanisms
for FA development are clearly multi-factorial, a prominent theory — the Dual Allergen
Exposure Hypothesis — proposes that when infants are exposed to food proteins through
the skin, particularly via an altered, inflamed skin barrier (as can occur in infants with
severe eczema), it can promote pro-allergicimmune pathways and lead to FA.*In contrast,
according to this Dual Allergen Exposure Hypothesis, oral introduction of commonly
allergenic solids—where the infant's immune system receives its first exposure to
these food proteins via their gastrointestinal tract—helps establish an appropriate, (i.e.
“tolerogenic”) immune response.

The first rigorous test of this theory was the seminal Learning Early About Peanut
(LEAP) study, which showed that introducing developmentally appropriate peanut-
containing foods (e.g. Bamba® peanut puffs) between 4-11 months of age in “high-risk”
infants (defined as those with eczema and/or egqg allergy) resulted in an 81% reduced
risk of peanut allergy development by 5 years of age.* Participants in the intervention
group were instructed to feed the baby at least 6g of peanut protein per week, whereas
the control group was instructed not to feed any peanut-containing foods. Adherence
to the prescribed study protocol was very high among participants, and the very strong
preventive effect of early introduction of peanut prompted the National Institute of
Allergy and Infectious Diseases (NIAID) to sponsor the 2017 Addendum Guidelines for the
Prevention of Peanut Allergy. These guidelines, which remain in effect today, recommend
introducing peanut-containing foods at 4-6 months of age to high-risk infants, around
6 months to infants at moderate risk (i.e. those with mild-to-moderate eczema), and
in accordance with family preference and cultural practices for the remaining infants
deemed at low risk.’®
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However, while the LEAP study provided valuable data about the primary prevention of
peanut allergy, peanut is only one of many commonly allergenic solids and accounts
for only a small proportion of the total population-level burden of FA. The single center
Enquiring About Tolerance (EAT) randomized controlled trial conducted in the United
Kingdom, explored whether the early, deliberate introduction of multiple commonly
allergenic solids—cow’s milk, peanut, hen's egg, sesame, cod, and wheat—into the
infant diet, beginning at 3 months of age, could prevent allergy to these foods.’*®® In
this study, 1,303 infants were randomized at 3 months of age to an early introduction
group (EIG) with breastfeeding followed by sequential introduction Srandomized order
of introduction) of 6 allergenic foods or a control group that was exclusively breastfed.
The standard introduction group (SIG) followed the UK infant feeding recommendations
of exclusive breastfeeding for around 6 months with no introduction of allergenic foods
before 6 months of age.

While the intention-to-treat analysis did not identify a statistically significant reduction
in FA to =1 foods by 1-3 years of age (5.6% in the EIG vs. 7.1% in the exclusively breastfed
group, p=0.32), the per protocol analysis found significantly lower prevalence of FA in the
EIG group (2.4% vs. 7.3%, p=0.01). The observed difference in FA prevalence was driven by
significantly lower prevalence of peanut (0% vs. 2.5%, p=0.003) and egg allergies (1.4% vs.
5.5%, p=0.009) among members of the early peanut introduction group who were adherent
to the intervention, compared to the control participants who did not introduce these
allergens according to the protocol. While a difference in peanut (1.2% vs. 2.5%, p=0.11)
and eqgg (3.7% vs. 5.4%, p=0.17) allergy prevalence was still present among the EAT study'’s
intent-to-treat population for both allergens, for neither allergen was this difference
statistically significant. However, the failure to detect a significant intervention effect
associated with early allergen introduction in the intent-to-treat population must be
considered in the context of the low observed rates of adherence to the recommended
early introduction protocol. Overall, only 42% of participants assigned to the EIG met the
criteria for adherence (3g of allergen protein per week for at least 5 weeks between 3
and 6 months of age). However, it is notable that among infants with visible eczema at
enrollment, those in the EIG were significantly less likely to develop any FA (SIG, 46.7%;
EIG, 22.6%; P=0.048). Crucially, introduction of multiple allergenic foods during the first
year of life in the EAT study did not affect the growth of the participants or the duration
of breastfeeding and was safe.

Since publication of the EAT study, numerous randomized trials have explored the
effectiveness of early introduction of commonly allergenic solids, namely milk
and egg, for primary prevention of allergy to those foods. For example, the Japanese
PETIT trial was terminated early due to the strong preventive effect of egg protein
introduction (29.4% risk difference) between 4-6 months of age among a high-allergy risk
population.19 More recent data from the Japanese SPADE study also indicate that even
earlier introduction of cow’s milk between 1-2 months can prevent cow’s milk allergy
in a general population sample while not competing with breastfeeding.?’ Finally, the
Scandinavian PreventADALL study recently concluded that FA (measured at 3 years of
age) can be prevented by the introduction of peanut, cow’s milk, egg, and wheat in small
quantities starting at 3 months of age.? Like the EAT study, this study found that early
introduction of commonly allergenic solids is safe in a general population sample and
that it did not interfere with breastfeeding.

Overall, the LEAP and EAT studies along with the more recent studies summarized above
support the safety of deliberate introduction of peanut and other highly allergenic food
proteins along with other complementary foods during infancy and demonstrate the
potential of such approaches to reduce FA incidence early in life among all risk strata.
This emerging evidence was recently considered by an international work group
comprised of experts from all major North American Allergy Societies, who issued a new
“Consensus Approach to the Primary Prevention of Food Allergy through Nutrition.” This
work group concluded that there “is strong evidence supporting that peanut-containing
foods should be introduced into the infant’s diet starting around 6 months of life, but
not before 4 months of life, and that cooked egg/egg-containing products (e.g. boiled,
scrambled, or baked egg) should be introduced in a similar time frame.”

With respect to other common food allergens, the work group recommended to “not

deliberately delay the introduction of other potentially allergenic complementary foods
(cow’s milk, soy, wheat, tree nuts, sesame, fish, shellfish), once introduction
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of complementary foods has commenced at around 6 months of life but not before 4
months."2

Taken together, these data provide strong support for the safety and effectiveness of
early introduction of allergenic solids for the primary prevention of FA. Many questions
remain regarding the optimal dose, timing, frequency, and format of how these foods
should be introduced for maximum preventive benefit; however, given the population’s
growing burden of FA it is imperative that we find answers. One such effort is the CAN
DO study, which is currently underway at Ann and Robert H. Lurie Children's Hospital of
Chicago, Northwestern University, and Rush University medical centers. This study is
testing the effectiveness of early, frequent introduction of small amounts of commonly
allergenic solids (including soy yogurt) starting around 4 months of age for prevention
of allergic disease. The results of this study aim to inform the next generation of infant
feeding guidelines and help pave the way to a healthier, less food-allergic future.
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SOY CONSUMPTION DURING
CHILDHOOD AND PREGNANCY

By Mark Messina, PhD, MS

Soy is commonly consumed in Asian countries during pregnancy'* and childhood®® as
it is during other stages of life. However, a comprehensive technical review published in
2021 highlighted the need to better understand the effects of soy, and especially soybean
isoflavones, in children and pregnant women as only limited research involving these
2 groups has been conducted.’® Research involving children is particularly important
because young people may be especially sensitive to the influence of diet and because
dietary habits established when young may track into adulthood. This sensitivity may
also apply to pregnancy, with respect to both the mother and developing fetus. To help
fill the research void, the Soy Nutrition Institute Global recently funded two 12-week
intervention studies, one involving healthy children and the other involving children
with fatty liver disease which will begin later in 2023.

A brief review of research relevant to children and pregnant women is presented below.
Children

Soy has been used for decades as a source of protein in U.S. government feeding programs
targeting malnourished children throughout much of the developing world.!*** The U.S.
Agency for International Development (AID) outlines the importance of corn-soy blends
in a comprehensive fact sheet for those who want to learn about these products and
how to use them.** The high quality of soy protein is one reason for its widespread use
in these programs.!® Soy protein has also been shown to directly lower blood cholesterol
in children as it has in adults; although relatively few studies in the former have been
conducted.’*?° Arguably, the most intriguing proposed benefit of soy foods is that when
consumed early in life, breast cancer risk is reduced. This hypothesis, which was
proposed in 19952122 has gained support over the years from the results of animal?.324
and observational®# studies.

The isoflavones in soy are thought to change cells in the developing breast in a manner

that makes them permanently less likely to be transformed into cancer cells. More

specifically, mechanisms for the protective effect of early isoflavone exposure include

increasing cell differentiation,?%® BRCAl gene expression,® and estrogen receptor-$3
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levels.®> However, although isoflavones are the soybean components thought to be
responsible for this proposed benefit, they have also led to concerns about childhood soy
consumption. Most concerns relate to the possibility that soy could advance the age of
puberty onset, especially in girls. It is noteworthy that children may absorb isoflavones
more efficiently than adults.®33#

Over the last several decades, there has been a secular trend among girls to enter
puberty, as judged by age of menses onset (AOM), earlier in life. However, this trend has
occurred in soy food-consuming and non-consuming countries alike.?* Furthermore,
a retrospective observational study found no relationship between AOM and soy intake
among U.S. Seventh-day Adventist girls, a high-soy-consuming population.*® Clinical
studies have also found no effects of soy on hormone levels including thyroid hormone
(boys and girls),*” estrogen (girls),**#° and testosterone (boys),* but these studies involved
very small numbers of participants. A reasonable intake recommendation for children
1s up to 2 servings of soy daily; although age, body weight, and dietary habits may dictate
what is best for any individual child.

Pregnancy: Maternal Effects

Recent evidence suggests that soy intake during pregnancy may reduce risk of
gestational diabetes mellitus (GDM). Although the data are limited, all 3 prospective
epidemiologic studies (2 from China50,51 and 1 from Japan)® that examined this
relationship found statistically significant protective effects even after adjustment for
a variety of potentially confounding variables. In addition to the observational data, a
small randomized controlled trial of Iranian women found that the addition of soy to
the diet of women with GDM significantly improved glucose homeostasis parameters,
triglycerides, and biomarkers of oxidative stress, as well as reduced the incidence of
new-born hyperbilirubinemia and hospitalization.’? Also, consumption of a soy protein
rich diet reduced the need for insulin therapy in Indian women with GDM while having
no effect on maternal and neonatal thyroid function.

GDM 1is defined as the type of hyperglycemia diagnosed for the first time during
pregnancy.® It is the most common metabolic disorder of pregnancy® and is associated
with an increased risk of adverse perinatal outcomes® and possibly an increased risk of
long-term ill-health outcomes in the mother®” and her child(ren).%®

Pregnancy: In Utero Effects

Despite the common practice among Asian women of consuming soy while pregnant,
concern has been raised that the resulting in utero isoflavone exposure could adversely
impact the fetus.5*%° It has been known for decades that maternal isoflavone exposure
leads to quantifiable amounts of isoflavones in amniotic fluid.®* Nevertheless, concern
arose after a British observational study reported that soy consumption was associated
with an increased risk of hypospadias, a common genitourinary anomaly in which the
opening of the urethra is on the underside of the penis.®? The authors speculated that
isoflavones were responsible for this association. However, in this study, the consumption
of dried peas, beans, lentils, and chickpeas was associated with a 7-fold increased risk of
hypospadias, despite non-soy legumes containing negligible amounts of isoflavones.®3¢4

More importantly, subsequently published observational research shows maternal soy
consumption is not associated with an increased risk of hypospadias.®>® In fact, in a
large Japanese study involving 41,578 mothers who delivered singleton live male births,
compared with mothers in the reference group (genistein intake 11th-89th percentlles)
those in the low intake group (<10th percentile) had an elevated risk of their sons
having hypospadias. Neither adverse nor beneficial effects of genistein, which is the

rimary soybean isoflavone, on hypospadias were observed in the high intake group
F>90th percentile). The authors concluded that low maternal isoflavone intake in early
pregnancy was associated with an elevated risk of hypospadias. Low natto and tofu
intake were each associated with about a two-fold increased risk.

Finally, although only conjecture, there is a school of thought that maintains isoflavones
are unlikely to exert in utero effects because of the much larger amounts of endogenously
produced estrogen to which the fetus is exposed.®”%® With respect to intake, there is no
reason to differentiate soy food consumption recommendations between pregnant and
non-pregnant women.
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PRACTICAL TIPS FOR INTRODUCING
SOY IN THE FIRST YEAR

By Jill Castle, MS, RDN

In the first year of life, babies move from drinking breastmilk or infant formula as their
only source of nutrition to eating a variety of foods from the family diet. There are a lot
of important food transitions happening at this time.

Which soy foods are appropriate for the growing infant?
During the First 6 Months

During the first half of an infant’s life, babies need breastmilk or infant formula to meet
their nutritional requirements for growth and development. A 2018 review study found
no abnormalities in human development when babies consumed soy infant formula.
Additionally, another large study of babies from South Korea found no differences in
neuro-development when they were fed soymilk formula versus cow’s milk formula.?

Soy infant formula appears to be a safe, nutritionally complete option for babies in the
first year of life, and it's the only plant-based, non-dairy infant formula option available.
A soy infant formula is an option for infants who have a milk allergy or intolerance
(although babies have a higher chance of also being allergic to soy), or if a family wants
to follow a plant-based eating pattern.®

Starting Solids at 6 Months

No matter the dietary pattern a family follows, and with ongoing breastfeeding, several
soy foods can be introduced when babies begin complementary foods around 6 months
of age, whether they’re using a spoon or a baby-led weaning approach. It's desirable to
introduce soy at this time as it may help prevent the development of a soy allergy.

Feeding by Spoon

Start with a thin puree and build up the consistency as the baby adapts and learns to
eat. You can always change the texture by adding more (or less) breast milk or infant
formula. Try:
Silken or soft calcium-set tofu pureed with vegetables or fruit, or mixed
with fortified infant cereal
Steamed and mashed shelled edamame pureed with fortified infant cereal
or pureed vegetables
Soy yogurt mixed with pureed fruit

Feeding with Baby-Led Weaning

When using baby-led weaning, make sure foods are well-cooked, soft, and cut into
shapes that babies can easily grasp in their palms or hand. Introduce flavors by adding
aromatics, herbs, and spices. Avoid salt and seasonings with sodium like soy sauce. Try:
Firm tofu cut into long rectangular shapes, or “fingers”
Steamed edamame crushed with a finger or fork-mashed

Page 5



Finger Foods at 8 Months and Beyond

When baby demonstrates a pincer grasp (using the thumb and pointer finger to pick
up small bits of food), self-feeding takes off. Sit with baby while they eat to monitor for
choking and experiment with the following:

. Small, diced pieces of soft calcium-set tofu
. Steamed and mashed soybeans (you may flatten them with your finger)
. Small, diced pieces of tempeh
. Soy yogurt served in a bowl with a baby spoon (let baby self-feed)
After Baby Turns 1

As a baby grows and self-feeds, try steamed edamame, seasoned or marinated tofu stir-
fried with vegetables, or a smoothie made with soy yogurt and fruit. Unflavored soymilk
1s appropriate to offer after a baby turns one.

ABOUT THE AUTHOR
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The Health Effects of Soy:

A Reference Guide for Health Professionals

A new comprehensive soy foods
guide is available for health
professionals.

¥ This guide is packed with topics ranging from a mul-
.\ titude of health outcomes to discussion of the different
' types of soy foods. This resource can help your clients
and patients understand the health benefits soy pro-
tein, isoflavones and oil can offer.

To view, go to: sniglobal org/health-professional-guide

REFERENCES

CAN WE PREVENT FOOD ALLERGIES BEFORE THEY START? THE EMERGING SCIENCE OF EARLY INTRODUCTION

1. MalL, Danoff TM, Borish L. Case fatality and population mortality associated with anaphylaxis in the United States. J Allergy
Clin Immunol. Apr 2014;133(4):1075-83. doi:10.1016/j.jaci.2013.10.029

2. Rudders SA, Banerji A, Vassallo MF, Clark S, Camargo CA, Jr. Trends in pediatric emergency department visits for food-induced
anaphylaxis. J Allergy Clin Immunol. Aug 2010;126(2):385-8. d0i:10.1016/j.jaci.2010.05.018

3. Branlzm)AM, Lukacs SL. Food allergy among U.S. children: trends in prevalence and hospitalizations. NCHS Data Brief. Oct
2008;(10):1-8.

4. Keet CA, Savage JH, Seopaul S, Peng RD, Wood RA, Matsui EC. Temporal trends and racial/ethnic disparity in self-reported

pediatric food allergy in the United States. Ann Allergy Asthma Immunol. Mar 2014;112(3):222-229 e3. doi:10.1016/j.

anai.2013.12.007

Gupta RS, Warren CM, Smith BM, et al. The Public Health Impact of Parent-Reported Childhood Food Allergies in the United

States. Pediatrics. Dec 2018;142(6)d0i:10.1542/peds.2018-1235

Gupta RS, Springston EE, Warrier MR, et al. The prevalence, severity, and distribution of childhood food allergy in the United

States. Pediatrics. Jul 2011;128(1):€9-17. doi:10.1542/peds.2011-0204

Warren CM, Aktas O, Manolo L, Bartell T, Gupta RS The Epidemiology of Multi-food Allergy in the United States-A population-

based study Annals of Allergy, Asthma & Immunology. 2022 Dec 31;81081-1206(22302012-9.

Zaslavsky JM. Family History of Atopy in Food Allergy Development. J Allergy Clin Immunol. 2019;143, AB83

Koplin JJ, Allen KJ, Gurrin LC, Peters RL, Lowe AJ, Tang ML, Dharmage SC, HeaKoplin JJ, Allen KJ, Gurrin LC, Peters RL,

Lowe AJ, Tang ML, Dharmage SC, HealthNuts Study Team. The impact of family history of allergy on risk of food allergy: a

LK N o O

Page 6



10.
11

12.
13.

14.

15.
16.

17.
18.
19.

20.

21.

22.

23.

24.

population-based study of infants. International journal of environmental research and public health. 2013 Nov;10(11):5364-
77.1thNuts Study Team. The impact of family history of allergy on risk of food allergy: a population-based study of infants.
International journal of environmental research and public health. 2013 Nov;10(11):5364-77.

Roduit C, Frei R, Depner M, et al. Increased food diversity in the first year of life is inversely associated with allergic diseases. J
Allergy Clin Immunol. Apr 2014;133(4):1056-64. doi:10.1016/j.jaci.2013.12.1044

Venter C, Maslin K, Holloway JW, et al. Different Measures of Diet Diversity During Infancy and the Association with Childhood
Food Allergy in a UK Birth Cohort Study. J Allergy Clin Immunol Pract. Jun

2020;8(6):2017-2026. doi:10.1016/j.jaip.2020.01.029

Nwaru BJ, Takkinen HM, Kaila M, et al. Food diversity in infancy and the risk of childhood asthma and allergies. J Allergy Clin
Immunol. Apr 2014;133(4):1084-91. doi:10.1016/j.jaci.2013.12.1069

Lack G. Early exposure hypothesis: where are we now? ClinTransl Allergy. 2011;1, S71

Du Toit G, Roberts G, Sayre PH, et al. Randomized trial of peanut consumption in infants at risk for peanut allergy. N Engl J Med.
Feb 26 2015;372(9):803-13. doi:10.1056/NEJMoal414850

Togias A, Cooper SF, Acebal ML, et al. Addendum guidelines for the prevention of peanut allergy in the United States: Report of
the National Institute of Allergy and Infectious Diseases-sponsored expert panel. J Allergy Clin Immunol. Jan 2017;139(1):29-44.
doi:10.1016/j.jaci.2016.10.010

Perkin MR, Logan K, Bahnson HT, et al. Efficacy of the Enquiring About Tolerance (EAT) study among infants at high risk of
developing food allergy. J Allergy Clin Immunol. Dec 2019;144(6):1606-1614 e2. doi:10.1016/j.jac1.2019.06.045

Perkin MR, Logan K, Marrs T, et al. Enquiring About Tolerance (EAT) study: Feasibility of an early allergenic food introduction
regimen. J Allergy Clin Immunol. May 2016;137(5):1477-1486. 8. d0i:10.1016/j.jaci.2015.12.1322

Perkin MR, Logan K, Tseng A, et al. Randomized Trial of Introduction of Allergenic Foods in Breast-Fed Infants. N Engl J Med.
May 5 2016;374(18):1733-43. doi:10.1056/NEJMoa1514210

Natsume O, Kabashima S, Nakazato J, Yamamoto-Hanada K, Narita M, Kondo M, Saito M, Kishino A, Takimoto T, Inoue E, Tang
J. Two-step egg introduction for prevention of egg allergy in high-risk infants with eczema (PETIT): a randomised, double-
blind, placebo-controlled trial. The Lancet. 2017 Jan 21;389(10066):276-86.

Sakihara T, Otsuji K, Arakaki Y, Hamada K, Sugiura S, Ito K. Randomized trial of early infant formula introduction to prevent
cow's milk allergy. Journal of Allergy and Clinical Immunology. 2021 Jan 1;147(1):224-32. .

Skjerven HO, Lie A, Vettukattil R, Rehbinder EM, LeBlanc M, Asarnoj A, Carlsen KH, Despriee AW, Fardig M, Gerdin SW,

Granum B. Early food intervention and skin emollients to prevent food allergy in young children (PreventADALL): a factorial,
multicentre, cluster-randomised trial. The Lancet. 2022 Jun 25;399(10344):2398-411.

Logan K, Bahnson HT, Ylescupidez A, Beyer K, Bellach J, Campbell DE, Craven J, Du Toit G, Clare Mills EN, Perkin MR, Roberts G.
Early introduction of peanut reduces peanut allergy across risk groups in pooled and causal inference analyses. Allergy. 2022
Dec 11.

Fleischer DM, Chan ES, Venter C, Spergel JM, Abrams EM, Stukus D, Groetch M, Shaker M, Greenhawt M. A consensus approach
to the primary prevention of food allergy through nutrition: guidance from the American Academy of Allergy, Asthma, and
Immunology; American College of Allergy, Asthma, and Immunology; and the Canadian Society for Allergy and Clinical
Immunology. The Journal of Allergy and Clinical Immunology: In Practice. 2021 Jan 1;9(1):22-43.

SOY CONSUMPTION DURING CHILDHOOD AND PREGNANCY

AW

5L ®© N oo

©

12.

13.

14.
15.
16.
17.
18.
19.

20.

21.

22.
23.
24
25.
26.
27.

Li J, Teng X, Wang W, Chen Y, Yu X, Wang S, Zhu L, Li C, Fan C, Wang H, et al. Effects of dietary soy intake on maternal thyroid
functions and serum anti-thyroperoxidase antibody level during early pregnancy. J Med Food 2011;14:543-50.

Miyake Y, Sasaki S, Ohya Y, Miyamoto S, Matsunaga I, Yoshida T, Hirota Y, Oda H. Soy, isoflavones, and prevalence of allergic
rhinitis in Japanese women: the Osaka Maternal and Child Health Study. J Allergy Clin Immunol 2005;115:1176-83.

Dong JY, Kimura T, Ikehara S, Cui M, Kawanishi Y, Kimura T, Ueda K, Iso H, Japan E, Children’s Study G. Soy consumption and
incidence of gestational diabetes mellitus: the Japan Environment and Children’s Study. Eur J Nutr 2021;60:897-904.

Nagata C, Iwasa S, Shiraki M, Ueno T, Uchiyama S, Urata K, Sahashi Y, Shimizu H. Associations among maternal soy intake,
isoflavone levels in urine and blood samples, and maternal and umbilical hormone concentrations (Japan). Cancer Causes
Control 2006;17:1107-13.

Hsiao AK-F, Lyons-Wall PM. Soy consumption in Taiwanese children in Taipei. J Nutr 2000;130:705S.

Surh J, Kim MJ, Koh E, Kim YK, Kwon H. Estimated intakes of isoflavones and coumestrol in Korean population. Int J Food Sci
Nutr 2006;57:325-44.

Hu XJ, Song WR, Gao LY, Nie SP, Eisenbrand G, Xie MY. Assessment of dietary phytoestrogen intake via plant-derived foods in
China. Food additives & contaminants Part A, Chemistry, analysis, control, exposure & risk assessment 2014;31:1325-35.

Kato N, Takimoto H, Yokoyama T, Yokoya S, Tanaka T, Tada H. Updated Japanese growth references for infants and preschool
children, based on historical, ethnic and environmental characteristics. Acta Paediatr 2014;103:e251-e61.

Messina M, Nagata C, Wu AH. Estimated Asian adult soy protein and isoflavone intakes. Nutr Cancer 2006;55:1-12.

Messina M, Mejia SB, Cassidy A, Duncan A, Kurzer M, Nagato C, Ronis M, Rowland I, Sievenpiper J, Barnes S. Neither soy foods
nor isoflavones warrant classification as endocrine disruptors: a technical review of the observational and clinical data. Crit
Rev Food Sci Nutr 2022;62:5824-85.

Bisimwa G, Owino VO, Bahwere P, Dramaix M, Donnen P, Dibari F, Collins S. Randomized controlled trial of the effectiveness of a
soybean-maize-sorghum-based ready-to-use complementary food paste on infant growth in South Kivu, Democratic Republic
of Congo. Am J Clin Nutr 2012;95:1157-64.

Thakwalakwa CM, Ashorn P, Jawati M, Phuka JC, Cheung YB, Maleta KM. An effectiveness trial showed lipid-based nutri-

ent supplementation but not corn-soya blend offered a modest benefit in weight gain among 6- to 18-month-old underweight
children in rural Malawi. Public health nutrition 2012;15:1755-62.

LaGrone LN, Trehan I, Meuli GJ, Wang RJ, Thakwalakwa C, Maleta K, Manary MJ. A novel fortified blended flour, corn-soy
blend “plus-plus,” is not inferior to lipid-based ready-to-use supplementary foods for the treatment of moderate acute malnutri-
tion in Malawian children. Am J Clin Nutr 2012;95:212-9.

Corn Soy Blend/Plus Commodity Fact Sheet. USAID. https://2012-2017.usaid.gov/what-we-do/agriculture-and-food-security/
food-assistance/resources/implementation-tools/corn-soy. Accessed April 5, 2023.

Hughes GJ, Ryan DJ, Mukherjea R, Schasteen CS. Protein digestibility-corrected amino acid scores (PDCAAS) for soy protein
isolates and concentrate: Criteria for evaluation. J Agric Food Chemistry 2011;59:12707-12.

Laurin D, Jacques H, Moorjani S, Steinke FH, Gagne C, Brun D, Lupien PJ. Effects of a soy-protein beverage on plasma lipopro-
teins in children with familial hypercholesterolemia. Am J Clin Nutr 1991;54:98-103.

Widhalm K, Brazda G, Schneider B, Kohl S. Effect of soy protein diet versus standard low fat, low cholesterol diet on lipid and
lipoprotein levels in children with familial or polygenic hypercholesterolemia. J Pediatr 1993;123:30-4.

Gaddi A, Descovich GC, Noseda G, Fragiacomo C, Nicolini A, Montanari G, Vanetti G, Sirtori M, Gatti E, Sirtori CR. Hypercholes-
terolaemia treated by soybean protein diet. Arch Dis Child 1987;62:274-8.

Blumenschein S, Torres E, Kushmaul E, Crawford J, Fixler D. Effect of oat bran/soy protein in hypercholesterolemic children.
Ann N Y Acad Sci 1991;623:413-5.

Weghuber D, Widhalm K. Effect of 3-month treatment of children and adolescents with familial and polygenic hypercholester-
olaemia with a soya-substituted diet. Br J Nutr 2008;99:281-6.

Lamartiniere CA, Moore J, Holland M, Barnes S. Neonatal genistein chemoprevents mammary cancer. Proc Soc Exp Biol Med
1995;208:120-3.

Lamartiniere CA, Moore JB, Brown NM, Thompson R, Hardin MJ, Barnes S. Genistein suppresses mammary cancer in rats.
Carcinogenesis 1995;16:2833-40.

Lamartiniere CA, Zhao YX, Fritz WA. Genistein: mammary cancer chemoprevention, in vivo mechanisms of action, potential
for toxicity and bioavailability in rats. J Women’s Cancer 2000;2:11-9.

Peng JH, Zhu JD, Mi MT, Li FJ, Cai L, Dong JZ, Zhang HX, Zhao Y, Xue RL. Prepubertal genistein exposure affects erbB2/Akt
signal and reduces rat mammary tumorigenesis. Eur J Cancer Prev 2010;19:110-9.

Shu X0, Jin F, Dai Q, Wen W, Potter JD, Kushi LH, Ruan Z, Gao YT, Zheng W. Soy food intake during adolescence and subsequent
risk of breast cancer among Chinese women. Cancer Epidemiol Biomarkers Prev 2001;10:483-8.

Wu AH, Yu MC, Tseng CC, Stanczyk FZ, Pike MC. Dietary patterns and breast cancer risk in Asian American women. Am J Clin
Nutr 2009;89:1145-54.

Korde LA, Wu AH, Fears T, Nomura AM, West DW, Kolonel LN, Pike MC, Hoover RN, Ziegler RG. Childhood soy intake and breast
cancer risk in Asian American women. Cancer Epidemiol Biomarkers Prev 2009;18:1050-9.

Page 7



28.
29.
30.

3L

32.
33.
34.
35.
36.
37.
38.
39.
40.

41.

42.
43.
44,
45.
46.
47.
48.
49.
50.

51.

52.
53.
54.

55.
56.

57.
58.

59.
60.

61.

62.
63.
64.
65.
66.

67.
68.

Baglia ML, Zheng W, Li H, Yang G, Gao J, Gao YT, Shu XO. The association of soy food consumption with the risk of subtype of
breast cancers defined by hormone receptor and HER2 status. Int J Cancer 2016;139:742-8.

Russo J, Mailo D, Hu YF, Balogh G, Sheriff F, Russo IH. Breast differentiation and its implication in cancer prevention. Clin
Cancer Res 2005;11:931s-6s.

Brown NV, Belles CA, Lindley SL, Zimmer-Nechemias LD, Zhao X, Witte DP, Kim MO, Setchell KD. The chemopreventive action
of equol enantiomers in a chemically induced animal model of breast cancer. Carcinogenesis 2010;31:886-93.

de Assis S, Warri A, Benitez C, Helferich W, Hilakivi-Clarke L. Protective effects of prepubertal genistein exposure on mam-
mary tumorigenesis are dependent on BRCA1 expression. Cancer Prev Res (Phila) 2011;4:1436-48.

Rahal OM, Simmen RC. Paracrine-acting adiponectin promotes mammary epithelial differentiation and synergizes with ge-
nistein to enhance transcriptional response to estrogen receptor beta signaling. Endocrinology 2011;152:3409-21.

Halm BM, Ashburn LA, Franke AA. Isoflavones from soya foods are more bioavailable in children than adults. Br J Nutr
2007;98:998-1005.

Maskarinec G, Oshiro C, Morimoto Y, Hebshi S, Novotny R, Franke AA. Urinary isoflavone excretion as a compliance measure
in a soy intervention among young glrls a pllot study. Eur J Clin Nutr 2004.

Euling SY, Herman-Giddens ME, Lee PA, Selevan SG, Juul A, Sorensen TI, Dunkel L, Himes JH, Teilmann G, Swan SH. Examina-
tion of US puberty-timing data from 1940 to 1994 for secular trends: panel findings. Pediatrics 2008;121 Suppl 3:5172-91.

Biro FM, Galvez MP, Greenspan LC, Succop PA, Vangeepuram N, Pinney SV, Teitelbaum S, Windham GC, Kushi LH, Wolff MS.
Pubertal assessment method and baseline characteristics in a mixed longitudinal study of girls. Pediatrics 2010;126:583-90.
Junqueira Do Lago M, Faerstein E, De Souza Lopes C, Werneck GL. Family socio-economic background modified secular trends
in age at menarche: evidence from the Pro-Saude Study (Rio de Janeiro, Brazil). Ann Hum Biol 2003;30:347-52.

Harris MA, Prior JC, Koehoorn M. Age at menarche in the Canadian population: secular trends and relationship to adulthood
BMI. J Adolesc Health 2008;43:548-54.

Hosokawa M, Imazeki S, Mizunuma H, Kubota T, Hayashi K. Secular trends in age at menarche and time to establish regular
menstrual cycling in Japanese women born between 1930 and 1985. BMC Womens Health 2012;12:19.

Cho GJ, Park HT, Shin JH, Hur JY, Kim YT, Kim SH, Lee KW, Kim T. Age at menarche in a Korean population: secular trends and
influencing factors. Eur J Pediatr 2010;169:89-94.

Morris DH, Jones ME, Schoemaker MJ, Ashworth A, Swerdlow AJ. Secular trends in age at menarche in women in the UK
born 1908-93: results from the Breakthrough Generations Study. Paediatr Perinat Epidemiol 2011;25:394-400.

Cabanes A, Ascunce N, Vidal E, Ederra M, Barcos A, Erdozain N, Lope V, Pollan M. Decline in age at menarche among Spanish
women born from 1925 to 1962. BMC Public Health 2009;9:449.

Herman-Giddens ME. Recent data on pubertal milestones in United States children: the secular trend toward earlier develop-
ment. Int J Androl 2006;29:241-6; discussion 86-90.

Himes JH. Examining the evidence for recent secular changes in the timing of puberty in US children in light of increases in
the prevalence of obesity. Mol Cell Endocrinol 2006;254-255:13-21.

Talma H, Schonbeck Y, van Dommelen P, Bakker B, van Buuren S, Hirasing RA. Trends in menarcheal age between 1955 and
2009 in the Netherlands. PloS one 2013;8:e60056.

Segovia-Siapco G, Pribis P Messina M, Oda K, Sabate J. Is soy intake related to age at onset of menarche? A cross-sectional
study among adolescents with a wide range of soy food consumption. Nutrition journal 2014;13:54.

Helk O, Widhalm K. Effects of a low-fat dietary regimen enriched with soy in children affected with heterozygous familial
hypercholesterolemia. Clin Nutr ESPEN 2020;36:150-6.

Maskarinec G, Morimoto Y, Novotny R, Nordt FJ, Stanczyk FZ, Franke AA. Urinary sex steroid excretion levels during a soy
intervention among young girls: a pilot study. Nutr Cancer 2005;52:22-8.

Zung A, Shachar S, Zadik Z, Kerem Z. Soy-derived isoflavones treatment in children with hypercholesterolemia: a pilot study. J
Pediatr Endocrinol Metab 2010;23:133-41.

Pang X, Cai C, Dong H, Lan X, Zhang Y, Bai D, Hao L, Sun H, Li F, Zeng G. Soy foods and nuts consumption during early preg-
naI}icy are associated with decreased risk of gestational diabetes mellitus: a prospective cohort study. J Matern Fetal Neonatal
Med 2022:1-9.

Wang H, Huang L, Lin L, Chen X, Zhong C, Li Q, Li N, Gao D, Zhou X, Chen R, et al. The overall plant-based diet index during
pregnancy and risk of gestatlonal diabetes mellitus: a prospective cohort study in China. Br J Nutr 2021;126:1519-28.

Jamilian M, Asemi Z. The effect of soy intake on metabolic profiles of women with gestational diabetes ‘mellitus. J Clin Endo-
crinol Metab 2015;100:4654-61.

Sarathi V, Kolly A, Chaithanya HB, Dwarakanath CS. Effect of soya based protein rich diet on glycaemic parameters and thyroid
function tests in women with gestational diabetes mellitus. Rom J Diabetes Nutr Metab Dis 2016;23:201-8.

International Association of D, Pregnancy Study Groups Consensus P, Metzger BE, Gabbe SG, Persson B, Buchanan TA, Catalano
PA, Damm P, Dyer AR, Leiva A, et al. International Association of Diabetes and Pregnancy Study Groups recommendations on
the diagnosis and classification of hyperglycemia in pregnancy. Diabetes Care 2010;33:676-82.

Ferrara A. Increasing prevalence of gestational diabetes mellitus: a public health perspective. Diabetes Care 2007;30 Suppl
2:S141-6.

Hartling L, Dryden DM, Guthrie A, Muise M, Vandermeer B, Donovan L. Benefits and harms of treating gestational diabetes
mellitus: a systematic review and meta-analysis for the U.S. Preventive Services Task Force and the National Institutes of
Health Office of Medical Applications of Research. Ann Intern Med 2013;159:123-9.

Shah BR, Retnakaran R, Booth GL. Increased risk of cardiovascular disease in young women following gestational diabetes
mellitus. Diabetes Care 2008;31:1668-9.

Lawlor DA, Fraser A, Lindsay RS, Ness A, Dabelea D, Catalano P, Davey Smith G, Sattar N, Nelson SM. Association of existing
diabetes, gestatlonal diabetes and glycosurla in pregnancy with macrosomia and offsprmg body mass index, waist and fat
mass in later childhood: findings from a prospective pregnancy cohort. Diabetologia 2010;53:89-97.

Yang J, Nakagawa H, Tsuta K, Tsubura A. Influence of perinatal genistein exposure on the development of MNU- induced
mammary carcinoma in female Sprague-Dawley rats. Cancer Lett 2000;149:171-9.

Shibayama T, Fukata H, Sakurai K, Adachi T, Komiyama M, Iguchi T, Mori C. Neonatal exposure to genistein reduces expres-
sion of estrogen receptor alpha and androgen receptor in testes of adult mice. Endocr J 2001;48:655-63.

Foster WG, Chan S, Platt L, Hughes CL, Jr. Detection of phytoestrogens in samples of second trimester human amniotic fluid.
Toxicol Lett 2002;129:199-205.

North K, Golding J. A maternal vegetarian diet in pregnancy is associated with hypospadias. The ALSPAC Study Team. Avon
Longitudinal Study of Pregnancy and Childhood. BJU Int 2000;85:107-13.

Murphy PA, Song T, Buseman G, Barua K, Beecher GR, Trainer D, Holden J. Isoflavones in retail and institutional soy foods. J
Agric Food Chem 1999;47:2697-704.

Franke AA, Custer LJ, Wang W, Shi CY. HPLC analysis of isoflavonoids and other phenolic agents from foods and from human
fluids. Proc Soc Exp Biol Med 1998;217:263-73.

Pierik FH, Burdorf A, Deddens JA, Juttmann RE, Weber RF. Maternal and paternal risk factors for cryptorchidism and hypospa-
dias: a case-control study in newborn boys. Environ Health Perspect 2004;112:1570-6.

Michikawa T, Yamazaki S, Ono M, Kuroda T, Nakayama SF, Suda E, Isobe T, Iwai-Shimada M, Kobayashi Y, Yonemoto J, et al.
Isoflavone intake in early pregnancy and hypospadias in the Japan Environment and Children’s Study. Urology 2019;124:229-
36.

Robinson JD, Judd HL, Young PE, Jones OW, Yen SS. Amniotic fluid androgens and estrogens in midgestation. J Clin Endocri-
nol Metab 1977;45:755-61.

Witorsch RJ. Low-dose in utero effects of xenoestrogens in mice and their relevance to humans: an analytical review of the
literature. Food Chem Toxicol 2002;40:905-12

PRACTICAL TIPS FOR INTRODUCING SOY IN THE FIRST YEAR

1
2.

1. Testa, I, Salvatori, C., Di Cara, G, Latini, A, Frati, F, Troiani, S., Principi, N., & Esposito, S. (2018). Soy-Based Infant Formula:
Are Phyto-Oestrogens Still in Doubt? Frontiers in Nutrition, 5, 110. https://doi.org/10.3389/fnut.2018.00110

2. Ha,E.K,Lee S. W, Kim, J. H, Shim, S, Kim, Y. H, Song, J. Y,, Koh, H. Y,, Shin, Y. H,, & Han, M. Y. (2021). Neurodevelopmen-
tal Outcomes in Infants Fed with Soy Formula: A Retrospective, National Population-Based Observational Cohort Study. The
Journal of Nutrition, 151(10), 3045—3052. https://doi.org/10.1093/jn/nxab229

3. Savage, J. H, Kaeding, A. J., Matsui, E. C.,, & Wood, R. A. (2010). The natural history of soy allergy. Journal of Allergy and
Clinical Immunology, 125(3), 683-686. https://doi.org/10.1016/j.jaci.2009.12.994

Page 8



SoyConnection

Health & Nutrition News About Soy

ﬂ Editorial Board

SNI IS\I?J¥RITION
INSTITUTE
G L@ B A |— Editorial Staff

Page 9

Mark Messina, PhD, MS, Chairman
Guy Johnson, PhD

Leah McGrath, RD, LDN

Lee Murphy, MS-MPH, RDN, LDN

Sarah Alsager, Managing Editor
Lori Pendleton, Editorial Assistant

The Soy Connection PO Box 237

Jefferson City, MO 65102
info@soyconnection.com



