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Abstract

Purpose The use of soy products is common in young children with cow milk allergy (CMA). The aim was to examine
prospectively the association between infantile consumption of soy-based formula, growth parameters and early pubertal
signs, in comparison to cow milk-based formula.

Methods A nested case—control study was conducted, selected from a cohort of infants prospectively followed from birth
until the age of 3 years for eating habits and the development of IgE-mediated CMA. Infants who consumed only soy-based
formula were included in the soy group. The control group was randomly selected from those without IgE-CMA and not
receiving soy formula. Study participants were reevaluated between ages 7.8 and 10.5 years by an interview, nutritional
intake by 3 days diaries, and height, weight, and pubertal signs by physical examination.

Results The soy-fed group included 29 participants (17 males), median age 8.92 years IQR (8.21, 9.42). The control group
included 60 participants (27 males), median age 8.99 years IQR (8.35, 9.42). The groups had comparable height and BMI z
scores (—0.17+1.08 versus —0.16 +1.01, p=0.96, and 0.67 + 1.01 versus 0.53 +1.02, p=0.56, for soy and control groups,
respectively). Four (three males and one female) from the soy-group (13.8%) and eight females from the control-group
(13.3%) had early pubertal signs (p =0.95). No association was detected between puberty and infantile nutrition, after con-
trolling for BMI and family data. No association with puberty or differences between groups were found in current daily
consumption of soy, micronutrients, energy, carbohydrates, fat, and protein.

Conclusions This is the first prospective, physical examination-based study, demonstrating no association between infantile
soy-based formula consumption and growth and puberty parameters.
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Introduction

Soy and soy-based product consumption has become wide-
spread in recent years. It is a major staple in some select
populations, such as vegetarians and vegans [1]. Recent
data show that 12% of bottle-fed infants in the USA receive
soy-based formula [2]. Among infants with IgE-mediated
cow’s milk allergy, breast-feeding, soy-based formulas, and
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products contain phytoestrogens (isoflavones) that may act
as weak hormonal disruptors due to their functional similar-
ity to mammalian estrogens and their active metabolites [4].
Infants who were fed soy-based formulas had significantly
higher blood concentrations of isoflavones as compared to
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Over the past several decades, the onset of puberty has
been occurring at an earlier age [6], which may result in
anthropometric [7], psychological [8], and medical conse-
quences [9, 10]. It has been speculated that the consump-
tion of soy-based products in infancy and childhood may
contribute to the trend of early puberty [11]. However, data
in the literature are inconclusive. It is unclear whether the
measured phytoestrogens are biologically active and little
is known regarding their clinical hormonal impact during
school-age growth and pubertal development [12]. Further-
more, methodological differences among studies limit the
ability to reach meaningful conclusions regarding this ques-
tion [13-20].

The aim of this study was to assess the association
between infantile consumption of soy-based formula and the
timing of secondary sexual characteristics in a prospective
manner, utilizing data regarding infantile feeding and assess-
ment of growth and puberty by physical examination, and
considering confounding factors such as current nutritional
and behavioral habits, and familial trends.

Subjects and methods
Study design

This was a nested case—control study, based on a prospec-
tively followed cohort of participants, born 2004—-2006, and
followed from birth for eating habits during infancy. Those
selected for the present study were approached again during
2012-2016 for additional clinical data. Demographic and
clinical data were collected by a pediatrician, 3-day food dia-
ries were reviewed by a registered dietician, and a physical
examination including growth and pubertal assessment was
performed by a board-certified pediatric endocrinologist,
who was blinded to exposures. The study was approved by
the Institutional Ethics Committee of Assaf Harofeh Medical
Center and conducted according to the principles of the Dec-
laration of Helsinki on biomedical research involving human
patients. Informed consent was obtained prior to enrollment.

Study population

The study cohort was selected from a prospectively followed
infant population born at a single medical center (Assaf
Harofeh Medical Center, Zerifin, Israel). Newborns born
during 2004-2006 were followed for the development of
milk allergy during the first 6 months of life by telephone
calls, and for milk formula intake until age 3 years [21].
Sixty-six (0.5%) developed an IgE-mediated cow milk
allergy (IgE-CMA), 71 developed non-IgE-mediated milk
intolerance, and 12,638 were defined healthy, since no gas-
trointestinal symptoms associated with food were reported
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during the follow-up [21]. The experimental group termed
“soy group” consisted of infants pooled from those with IgE-
mediated CMA, who ingested soy-based formula for longer
than 3 months, usually at the end of breast-feeding or in
combination with breast-feeding. The control group com-
prised children who were randomly selected from the popu-
lation defined healthy. The computer selected 235 children,
to include at least a rate of 2:1 between the study groups.
Inclusion criteria for both groups included: data available
regarding nutritional habits during at least the first 6 months
of life and agreement for pubertal physical examination.
Exclusion criteria included: refusal for pubertal physical
examination, consumption of only breast milk during first
6 months of life, and consumption of soy-based formula in
the control group. The soy group included 29 children. This
constituted 43.9% (29/66) of the initial cohort categorized as
IgE-CMA. Of the remaining children from the original IgE-
CMA cohort, 5 were lost to follow-up, 5 never consumed
soy-based formula, and 27 refused physical examination.
Sixty control participants, who were randomly selected from
the large healthy cohort, answered our calls and were com-
patible with the inclusion and exclusion criteria.

Demographic and clinical data collection

Data collected in this study included retrieval of data from
the initial infantile database, including: birth weight, birth
week, ethnicity, infantile food habits, and maternal age.
Data collected at the school age assessment included family
history including obesity, early or delayed puberty, age of
maternal menarche and age of paternal shaving, parental
height, child’s physical activity levels and nutritional habits,
illnesses, and current medications. Height was measured to
the nearest 0.1 cm using a stadiometer. Weight was meas-
ured to the nearest 0.1 kg (Tanita WB-3000). Body mass
index (BMI) and z scores were calculated according to the
Centers for Disease Control and Prevention growth charts
[22].

Tanner score was used to characterize sexual maturation.
The pre-pubertal state (Tanner 1) was defined as testicular
volume <3 ml in boys and absence of breast development
in girls [23, 24]. Precocious puberty was defined as Tan-
ner stage 2 (T2) before the age of 8 years in females and
9 years in males. Early puberty was defined as T2 at the age
of 8-8.5 years in females and 9-9.5 years in males. Prema-
ture adrenarche was defined as the sole presence of pubic or
axillary hair and odor, at the ages 68 years in females and
7-9 years in males, respectively.

Dietary intake analysis

All participants provided a detailed 3-day food diary (two
typical weekdays and 1 day during the weekend) with the aid
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of their parents, under the guidance of the study dietician.
Nutrient values of the food records were determined using a
computerized program (Tzameret) based on local food tables
developed by the Israeli Ministry of Health [25]. Results of
nutrient intake were reported as absolute values and also
as a percentage of the dietary reference intakes (DRI) for
energy, carbohydrates, proteins, and several micronutrients
[26]. Macronutrient intake was also reported as percentage
of energy intake [26]. Soy food consumption was measured
in servings, which by definition contained approximately 6 g
of soy protein per serving.

Outcome measures

The primary outcome measure was pubertal state and the
secondary outcome measures were weight and BMI.

Secondary outcome measures included height and BMI z
scores, controlled for group, family history, and nutritional
intake.

Statistical analysis

Data were stored on a spreadsheet and analyzed on SPSS
v21 (IBM Inc. USA). Continuous variables that were nor-
mally distributed are presented as mean + SD, and those
with a non-normal distribution are presented as median
and interquartile range (IQR). Categorical variables were
assessed using frequency tables and are presented as n
(%). Continuous variables were compared between groups,
using independent sample ¢ test or Mann—Whitney test.
Categorical variables were compared using Chi square

test or Fisher exact test. Analysis was controlled for con-
founding factors, including family history of precocious
and delayed puberty, BMI, daily soy intake, and breast-
feeding. Analysis included Levene’s test for equality of
variances and Pearson correlations. Cases with missing
data were excluded. Cases with only dietary data missing
were not excluded from analysis. The final study popu-
lation included in the analysis enabled a power of 50%
and two-sided tests with results considered significant at
p<0.05.

Results
Demographic data

The study population included 89 children (44 males) from
the original 20042006 cohort. The soy group consisted of
29 participants, median age 8.92 years IQR (8.21, 9.42),
of whom 17 were males (59%). The healthy control group
included 60 participants, median age 8.99 years IQR (8.35,
9.42), of whom 27 were males (45%). There were no sig-
nificant difference between the groups in their age, gen-
der distribution, maternal characteristics, weight for ges-
tational age, family history, and behavioral habits. There
was a significantly longer duration of breast-feeding in the
soy group compared with control group: 7.98 months IQR
(4.48, 13.35) compared with 1.08 months IQR (0, 5.33),
p<0.001 (Table 1).

Table 1 Demographic and

L . Characteristics
clinical characteristics of study

Soy group N=29  Control group N=60 p value

population according to groups Gender (F:M)

Age (years)®

Gestational age (weeks)®

Birth weight (g)*

Age of mother at birth (years)*
Breastfeeding length (months)®
Soy exposure (months)®

Mean MPH Z Score (SDS)?

Maternal and/or paternal early puberty (%)

Familial obesity (%)
Height z score (SDS)*
BMI z score (SDS)?
Overweight/obesity (%)

Physical activity (<3 sessions/week)

Sweet beverages (>4 cups/week)

12:17 33:27 0.23
8.92(8.21,9.42)  8.99 (8.35,9.42) 0.85

39 (38, 40) 39 (37.2, 40) 0.39
3269 +337 3072+676 0.15
29.17+4.6 30.63+5.5 0.25
7.98 (4.48, 13.35) 1.08 (0, 5.33) <0.001
23.7 (12, 44.5) 0 Inclusion criteria
0.29+0.84 0.1+0.85 0.34
5(17.9%) 12 (20.3%) 0.77

14 (48%) 26 (43%) 0.52
—0.17+1.08 -0.16+1.01 0.96
0.67+1.01 0.53+1.02 0.56

6 (20.7%) 12 (20.0%) 0.94
89.65% 85% 0.34
27.59% 21.67% 0.90

MPH midparental height
Mean and standard deviation
"Median and IQR
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Growth and puberty data

No significant differences were found between the
groups in height z scores (0.17 + 1.08, versus 0.16 +1.01,
p=0.96) and BMI z scores (0.67 = 1.01 versus
0.53 +£1.02, p=0.56), for soy and control groups, respec-
tively (Table 1). There were a total of four children in the
soy group (13.8%) and eight children in the control group
(13.3%) who had signs of premature adrenarche, preco-
cious puberty, or early puberty, p=0.95. Specifically, one
female and two males from the soy group and six females
from the control group had signs of precocious or early
puberty (p =0.96). One male from the soy group and two
females from the control group had signs of premature
adrenarche (p =0.98) (Table 2).

Nutritional data

Eighty-four food diaries were completed, 26 from the soy
group (89.7%) and 58 from the control group (96.7%). No
significant differences were observed in the energy, carbohy-
drate, fat, protein, and micronutrient consumption between
the groups. All children had an overall balanced diet based
on the percent of macronutrients from total energy. How-
ever, the consumption of several micronutrients (vitamin
A, vitamin E, calcium, potassium) did not meet the DRI
recommendations (mean intakes < 70% DRI). No significant
differences were found between groups (Table 3).

Milk allergy was resolved by the age of 3 years in 23/29
of the children in the soy group. In both groups, the total
amount of soy was of very low proportion of their total daily
intake (Table 3), although its consumption was higher in
the soy group compared with the control group (0.29 +0.78

Table 2 Incidence of

. Characteristics Soy group Control group p value

precocious, early, and premature

adrenarche according to study N=29 [n (%)] F-M N=60 [n (%)] F-M

groups
Precocious puberty 1(3.4) 1:0 4 (6.7) 4:0 0.54
Early puberty 2(6.9) 0:2 2(3.3) 2:0 0.45
Premature adrenarche 1(3.8) 0:1 2(3.3) 2:0 0.98
Total 4 (13.8) 1:3 8(13.3) 8:0 0.95

Precocious puberty was defined as T2 before the age of 8 years in females and 9 years in males

Premature adrenarche was defined as the sole presence of pubic or axillary hair and odor at the ages
6-8 years in females and 7-9 years in males

Early puberty was defined as T2 at the age of 8-8.5 years in females and 9-9.5 years in males

Table 3 Daily nutritional

. . Nutrient Soy group n=26 Control group n=>58 p value

analysis of 3 days food diaries,

according to study groups Energy (kcal)® 1551.1+359.0 1424.7+320.6 0.11
Energy (%DRI)® 87.3 (69.1, 102.8) 91.6 (73.2,110.1) 0.63
Protein (g)* 60.4+13.0 58.2+14.3 0.50
Protein (% of energy)b 16.0 (14.2, 17.6) 16.7 (14.4,19.4) 0.27
Fat (g)° 50.5 (45.6, 63.3) 50.4 (40.8, 60.3) 0.50
Fat (% of energy)® 31.8+6.3 32.1+45 0.80
Carbohydrates (g)° 190.7 (154.0, 254.1) 163.8 (136.3, 215.6) 0.14
Carbohydrates (% of energy)® 50.1+7.4 49.5+6.1 0.68
Tron (%DRI)® 117.3 (94.8, 156.9) 101.3 (76.3, 113.7) 0.16
Zinc (%DRI)® 84.7 (70.5, 108.3) 87.3 (63.7, 107.4) 0.81
Calcium (%DRI)° 26.6 (16.5, 44.9) 34.1(27.6,44.4) 0.07
Phosphorus (%DRI)" 68.7 (54.2,97.1) 74.8 (58.6, 97.0) 0.39
Vitamin A (%DRI)" 45.1 (27.8,73.0) 71.8 (39.8, 85.8) 0.09
Vitamin E (%DRI)" 53.6 (40.0, 64.4) 42.8 (30.1, 61.2) 0.15
Soy products (no. servings/day) 0.3+0.8 0.1+0.2 0.06

Data are presented as percent of energy or DRI, calculated according to gender and age

Mean and standard deviation
"Median and IQR
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soy servings/day versus 0.05 +0.24 soy servings/day, respec-
tively, p=0.056).

Risk factors for puberty analysis

On propensity analysis of puberty according to group, no
parameter was found to differ significantly between groups
or be associated with early pubertal signs. Analysis included
gender (p =0.07), parental puberty (p=0.18), family obesity
(p=0.70), BMI (p=0.11), breast-feeding length (p =0.52),
and soy product consumption (p =1).

Data analysis of all those who had any early signs of
puberty from both groups as a whole (n=12), compared
with those who had no pubertal signs (pre-pubertal) (n=77),
demonstrated that those with earlier signs of puberty had
higher growth parameters: BMI z score 1.20+ 1.13 versus
0.48 +£0.98, p=0.022 and height z score 0.64 +0.87 versus
—0.29+ 1, p=0.003, respectively. In addition, those who
had early signs of puberty reported of less weekly physical
activity compared to those with no pubertal signs, and 10
versus 15% of patients reported of physical activity more
than 3 times per week, p=0.032. On logistic regression
analysis of parameters contributing to puberty, being in the
soy group was not found to be a significant contributor.

Discussion

This is the first prospective study including both real-time
infantile data regarding feeding habits and birth parameters,
in conjunction with a physical examination at the age of
early pubertal onset, demonstrating that infantile soy con-
sumption is not associated with early onset of secondary
pubertal signs. Nutritional, behavioral, and familial con-
founding parameters were accounted for in the analysis.

The percentage of premature adrenarche, precocious
puberty, and early puberty in the study population (13.5%)
for both “control” and “soy” groups did not differ from that
reported from large population databases from the past
decade [27]. Signs of early puberty were more common in
female participants compared to males, in agreement with
the literature that early puberty is far less prevalent among
boys than girls in the general population [28].

Results from several previous studies are consistent with
the findings noted here [11, 13-16]. Strom et al. [11], in a
large retrospective cohort study, reported no differences in
pubertal parameters between infants fed soy versus those
fed cow milk-based formula. However, their pubertal data
were derived from a structured telephone interview and may
have been subject to recall bias and to misdiagnosis. No
association was found between soy intake and early onset of
menarche in a cross-sectional, Web-based American study
[13]. Furthermore, Cheng et al. [14] reported that German

girls with higher prepubertal isoflavone intakes entered
puberty at the higher ages within the normal range.

Our results support the findings provided by Andres et al.
[16], who demonstrated no statistically significant differ-
ences in ultrasonographic measures of breast bud, uterus,
ovaries, prostate and testes, in a group of 100 pre-pubertal
children, at 5 years of age, who were followed prospec-
tively, with a third of them consuming soy-based formula
during infancy. However, our data add the clinically relevant
information of no difference between those ingesting soy
formulae versus those on a non-soy formula-based feeding
regimen, based on physical examination and face-to-face
interview.

On the other hand, there are reports of a positive asso-
ciation between soy formula exposure and sexual develop-
ment. Infantile physiologic telarche has been associated with
soy feeding [17, 18], but there is little indication that this
leads to premature puberty. In a case—control study, Kim
et al. [19] reported that higher serum isoflavone concentra-
tions were measured in Korean girls diagnosed with preco-
cious puberty; however, their source was not obligatorily
from food intake. Adgent et al. [20] reported a trend toward
increased risk of early menarche in girls fed soy products in
early infancy; however, the reported age is well within the
normal age range for menarche (12.4 years).

Numerous factors are thought to impact the timing of the
onset of puberty which may confound data analyses. This
includes association with family history of early puberty
[29], prenatal growth [30] obesity [31], breastfeeding [32],
nutritional intake habits [33], physical activity [34], and cur-
rent soy consumption [17, 18]. These potential confound-
ers were all accounted for in the data acquisition phase and
statistical analysis of this study. Current dietary intake data
were collected using the recommended methodology for
accurate and precise nutritional evaluation [35]. Nutrient
intake including consumption of soy-based foods was similar
in the soy-based and control groups, and was consistent with
national food consumption data [36]. Furthermore, none of
the six participants who retained their allergic status and
consumed soy-based products instead of cow’s milk-based
products throughout childhood had signs of early puberty.

In addition to pubertal stage, we analyzed growth parame-
ters and our results were in agreement with numerous reports
and a recent meta-analysis that measured growth parameters
during the first 3 years of life [37]. These studies indicate
that consumption of soy formula at an early age had little or
no impact on anthropometric parameters [37]. Our study is
novel in that it reports data for older, school-aged children,
a relatively longer follow-up, supporting no significant dif-
ference. The differences detected in BMI z score and height
z score between pubertal and non-pubertal participants, from
both groups are not surprising, or novel, since puberty and
body composition are interrelated physiologically [6, 7].
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Our study has several strengths. First, the collection of
data was carried out in a prospective manner, which elimi-
nated recall bias of the infantile period. Second, pubertal
and anthropometric parameters were based on physical
examination by a pediatric endocrinologist, providing data
not subject to self-assessment or self-recall bias. Third, the
addition of 3-day dietary records, which is considered the
gold standard for nutritional intake assessment [35], adds
to the elimination of other nutritional confounding fac-
tors from puberty. The main limitation of the study is its
relatively small sample size. However, it was homogenous,
without recall bias, and similar in size to the only previously
reported prospective study [16]. Nevertheless, our data dem-
onstrate the need for a larger prospective multi-center study
based on physical examination, to understand if soy-based
infant formula is really an endocrine disruptor, as previously
suggested.

In summary, this nested case—control study of a prospec-
tively followed cohort, including a current physical examina-
tion and dietary analysis validates previous reports indicat-
ing no difference in pubertal development, growth, and BMI
z scores, among those provided soy-based formula during
infancy. This provides important information for physicians
and caretakers alike, supporting the safety of soy-based for-
mula consumption during infancy regarding pubertal onset
timing.
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