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Abstract: Soy milk formula is a formula which contains soybean as a substitute for cow's milk protein. Consumption of soy 

formula has caused widespread concern especially related to the effect of isoflavones. We aimed to determine the correlation of 

plasma estradiol level and to compare physical growth in children who consumed soy milk formula with children who 

consumed cow's milk formula. This was a case-control study of children aged six months to two years old who were treated at 

pediatric outpatient clinic in Sanglah Hospital and private pediatric outpatient clinic in Denpasar from April to July 2015. 

Subjects were divided into children who consumed soy milk formula and children who consumed cow’s milk formula. Data 

regarding physical examination, anthropometric measurements, diet types and estradiol level were obtained. Total 28 subjects 

enrolled. We found significant difference in estradiol level between the two groups (OR: 0.33; p = 0.001; 95% CI = 0.17 - 

0.64). We found no significant difference in sexual development between those two groups (OR: 1.25; p = 0.12; 95% CI = 0.92 

- 1.71). Furthermore we found no significantly different in physical growth of subjects who consumed soy milk formula 

compared to cow's milk formula (p>0.05). Soy milk formula consumption did not associated with significant difference of 

sexual development and growth in children consuming soy milk compared to cow’s milk. However, it related to increament of 

estradiol level. 
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1. Introduction 

Soy milk formula is a special formula which contains 

soybean as a substitution for cow's milk protein [1]. Several 

indications for the usage of soy milk formula in infants and 

children include cow's milk allergy, galactosemia, vegetarian 

diet and various digestive problems such as lactose 

intolerance [2]. 

Soy protein contains isoflavones which has estrogenic 

activity known as phytoestrogens. Some concerns about soy 

formula are associated with isoflavones, which can bind to 

estrogen receptors and have structure and hormonal effect 

that resemble endogenous hormones 17 β-estradiol [3]. There 

is a concern that phytoestrogens in soy formula will mimic or 

alter estradiol metabolism and modifies process affected by 

estradiol [4-7]. Some research also stated that soy milk 

contains lower protein than cow’s milk and phytate which 

can damage important ions such as zinc and reduce essential 

micronutrient absorption from the gastrointestinal tract [8] 

Vegetarian diet is not a new issue in Denpasar. The number 

of vegetarians in Bali, especially in Gianyar regency, is 

reported to be as much as 60% from the entire population [9]. 

Consumption of soy milk formula is an temporary alternative 

for parents who choose vegetarian diet for children. 

Research of the effect from soy milk formula consumption 

on children’s growth is still controversial. In addition, 
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research on the effect of isoflavones has not been carried out 

systematically while the vegetarian population in Denpasar is 

quite large. The effect of long-term soy milk formula 

consumption has caused widespread concern, therefore we 

conducted a study aimed to evaluate the correlation of soy 

milk consumption with plasma estradiol level and growth of 

children in Denpasar. 

2. Materials and Methods 

This was a case-control study of children aged six months 

to two years old who were treated at pediatric outpatient 

clinic in Sanglah Hospital and a private pediatric outpatient 

clinic in Denpasar from April to July 2015. Cases were 

vegetarian children who consumed soy milk formula with or 

without breast milk for at least 6 months. The control group 

consisted of subjects who consumed cow's milk formula with 

or without breast milk. Samples were collected consecutivel 

while the selection of control subjects was done randomly 

based on age and sex from the case group. The exclusion 

criteria were as follows: (1) children who consume both 

formula milk and soy milk, (2) on hormonal therapy, (3) 

suffer thyroid hormone abnormalities, (4) receive 

corticosteroid therapy, (5) suffer from major congenital 

abnormalities, chromosomal abnormalities and tumors, (6) 

experience liver and kidney function disorders, (7) suffer 

from chronic diseases, such as asthma, nephrotic syndrome 

and leukemia. 

The parents were given complete information and asked 

their willingness to take part in this study and signed 

informed consent. Data were collected through questionnaire 

which contained information regarding complete 

identification of parents and patients, objective data on the 

condition of the patient, diagnosis when the patient was 

admitted to hospital, anthropometric measurements, types of 

diet consumed by subjects and estradiol level in plasma. The 

physical examination including anthropometric 

measurements and laboratory examination were completed 

and carried out by the researcher and assisted by residents in 

Growth and Development sub-section. 

All data entries were made and analyzed by computer 

programs (SPSS 17.0 for windows). Descriptive analysis was 

used to determine the characteristics of samples, which were 

presented in the form of frequency distribution, cross 

tabulation, percentage, middle value, minimum and 

maximum value. The differences of characteristic data 

between case and control groups were analyzed by using 

Chi-square statistical tests for nominal scale or Kolmogorov-

Smirnov test as the alternative. Statistical analysis of 

estradiol levels was carried out by using Chi-square or 

alternatively using Fisher exact test. Odds ratio precision was 

expressed by 95% confidence interval. P value of <0.05 was 

considered statistically significant. 

3. Results 

Total 28 subjects enrolled in this study. Among 28 

respondents, 15 children (54%) were male, four of them 

(27%) consumed soy milk formula. The characteristics of 

respondents are shown in Table 1. 

Among 28 respondents, 9 children (32%) consumed breast 

milk which was interspersed with soy milk formula. Types of 

diet in in those subjects are shown in Table 2. 

Table 1. Characteristics of research subjects. 

 Soy milk formula Cow’s milk formula 

Gender   

Male, n (%) 4 (27) 11 (73) 

Female, n (%) 5 (38) 8 (61) 

Gestational age (weeks) 38 38 

Nutrition intake, n (%)   

>100% RDA 0 8 (100) 

80-100% RDA 7 (41) 10 (59) 

<80% RDA 1 (100) 0 

Intake of soy protein, n (%)   

< 50% 2 (22) 0 

≥ 50% 7 (78) 0 

Mother’s education levels, n (%)   

Primary school graduate 1 (50) 1 (50) 

Junior high school graduate 1 (16.7) 5 (83.3) 

Senior high school graduate 1 (14) 6 (86) 

University graduate 5 (45) 6 (55) 

Mother’s occupation, n (%)   

Unemployed (housewife) 5 (38) 8 (62) 

Employed 3 (23) 10 (77) 

Family income, n (%)   

<1.800.000,- per month 0 1 (100) 

≥1.800.000,- per month 8 (32) 17 (68) 

Table 2. Types of diet in research subjects. 

Diet N (%) 

BM and soy milk formula 10 (36) 

BM and cow's milk formula 18 (64) 

BM = breast milk 

Estradiol level in respondents were tested with Fisher's 

exact test. There was a significant difference between the 

group of children who consumed soy milk formula and 

children who consumed cow’s milk formula with OR: 0.33; p 

= 0.001; 95% CI = 0.17 - 0.64. This can be seen in Table 3. 

Table 3. Estradiol levels in children consuming soy milk formula and cow's milk formula. 

 Soy milk formula Cow milk formula P OR 95% CI 

Estradiol <7 pg/mL 0 12 
0.001 0.33 0.17 – 0.64 

Estradiol ≥7 pg/mL 10 6 

CI 95% = confidence interval 95%; p = probability 

The effects of soy milk formula consumption in children's sexual development compared to cow's milk formula was 
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tested by using Fisher's exact test. There was no significant 

difference in the sexual development of children between 

those two groups with OR: 1.25; p = 0.12; 95% CI = 0.92 - 

1.71. Pubertal status of subjects can be seen in Table 4. 

Table 4. Status of puberty in children consuming soy formula and cow's formula. 

 Soy formula Cow milk formula P OR 95% CI 

Normal 8 18 
0.12 1.25 0.92 – 1.71 

Precocious puberty 2 0 

CI 95% = confidence interval 95%; p = probability 

The effect of soy milk formula consumption in children's 

growth compared to cow's milk formula was tested with 

Kolmogorov-Smirnov test which showed no significant 

difference (p> 0.05). Growth of children who consumed soy 

milk formula and cow's milk formula are displayed in Table 

5. 

Table 5. Growth of children consuming soy milk formula and cow's milk formula. 

 Soy milk formula Cow's milk formula P 

BW/A   

0.947 
Normal, n (%) 7 (88) 14 (88) 

Underweight, n (%) 1 (12) 0 

Severely underweight, n (%) 0 2 (12) 

BL/A   

0.372 

Very tall, n (%) 0 2 (11) 

Normal, n (%) 8 (100) 11 (61) 

Stunted, n (%) 0 3 (17) 

Severly Stunted, n (%) 0 2 (11) 

BW/BL   

0.996 

Obesity, n (%) 1 (6) 0 

Overweight, n (%) 1 (6) 0 

Normal, n (%) 15 (82) 8 (100) 

Wasted, n (%) 0 0 

Severely wasted, n (%) 1 (6) 0 

BMI/A   

0.786 

Obesity, n (%) 1 (6) 0 

Overweight, n (%) 1 (6) 0 

Normal, n (%) 15 (82) 8 (100) 

Wasted, n (%) 0 0 

Severely wasted, n (%) 1 (6) 0 

 

4. Discussion 

Soy formula is formula milk made from soybeans that has 

been fortified and given to children to substitute breast milk, 

provides additional nutrients or as alternative to cow's milk 

protein [10].
 
Soy protein contains isoflavones which has 

estrogenic activity known as phytoestrogen. Phytoestrogen is 

a component of natural plants which possesses biological 

activity that resemble estrogen [11].
 
Estradiol is the most 

active form of estrogen [12]. One concern related to the 

consumption of soy milk formula is associated with exposure 

of phytoestrogens in soy formula that may mimic or alter 

estradiol metabolism and modifies process affected by 

estradiol [4-7]. This study showed a significant difference in 

estradiol levels between children who consumed soy milk 

formula and children who consumed cow’s milk formula 

(OR: 0.33; p = 0.001; 95% CI = 0.17 - 0.64). 

Sex hormones are crucial to achieve normal reproductive 

development and function. Soy milk formula contains 

isoflavones which have estrogen-like action, so there is a 

concern that consuming soy milk formula will impact the 

development of reproductive system [10]. This study found 

no significant difference in the sexual development of 

children who consumed soy milk formula and cow’s milk 

formula (OR: 1.25; p = 0.12; 95% CI = 0.92 - 1.71). This 

finding is consistent with a cross-sectional study conducted 

by Berbaum et al., whom evaluated the estrogenic effects of 

soy formula on child’s sexual development. Higher sexual 

maturity was obtained in infants (ages 3 - 6 months) who 

received soy milk formula compared to those who received 

breast milk or cow’s milk formula but was not statistically 

significant (p = 0.07) [13].
 
The results of a prospective study 

conducted by Gilchrist et al., in infants aged 2-3 months to 6 

years old indicated that there was no relation between the 

given diet (breast milk, cow’s milk formula, and soy milk 

formula) and size of reproductive organs that were evaluated 

at 4 months of age by using ultrasound [11]. 

Results of this study revealed that soy milk formula 

consumption did not correlate with difference in growth of 

children. It was found that body weight/age, body length/age, 

body weight/body length and BMI/age showed no significant 

difference between subjects who consumed soy milk formula 

and cow's milk formula. Some research have been carried out 

on humans to evaluate the effect of soy milk formula on 

growth which also did not show difference of growth in 

children who consumed soy milk formula [14-21]. This 

finding is also in accordance with a study by Zeiger et al., on 

the growth of children consuming soy milk formula 
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compared to cow's milk formula at the age of one month to 

four months old in Lowa University which showed that there 

was no difference in growth between those two groups [8].
 
A 

study by Lasekan et al., also reported that the administration 

of soy milk formula in infants in the first year showed no 

difference in growth compared to infants who received breast 

milk followed by formula milk made from cow's milk protein 

[22]. In contrast, Kohler et al whom reported that children 

who consumed soy formula had lower body weight until the 

sixth week and lower bone mineralization up to 3 months of 

age compared to the group that consumed cow's milk protein 

and breast milk, but this difference was not meaningful after 

being re-evaluated within 6 months [18]. 

There are some possibilities which researcher considered 

as the constraints of this study which are small number of 

respondents, the setting of study which took place at pediatric 

outpatient clinic in Sanglah Hospital which is a tertiary 

health care center where patients mostly suffer from chronic 

diseases or other diseases which met exclusion criteria and 

the reluctance of parents regarding blood sampling 

procedure. 

5. Conclusion 

We conclude that soy milk formula consumption is not 

significant associated with difference in sexual development 

and growth in children compared to cow’s milk. It is, 

however related to increased levels of estradiol. Soy protein 

may be used as formula milk to meet the nutritional needs of 

children to achieve normal growth especially in children with 

special condition. Further investigation with larger and more 

diverse subjects is needed to achieve better understanding 

regarding the effect of soy milk formula consumption. 
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