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Abstract
Introduction  Cow’s milk allergy (CMA) is the most common food allergy in infants. As this food allergy indicates a 
wide range of clinical syndromes due to immunological reactions to cow’s milk proteins, we aimed to evaluate the 
status of micronutrients in infants suffering from cow’s milk allergy.

Methods  In this historical cohort study, infants with CMA were divided into two equal groups: breastfeeding and 
diet formula feeding. Data were gathered by a form, including the micronutrients such as iron, selenium, calcium, 
phosphorus, zinc, and vitamin D. Groups were compared and data were analyzed by the IBM SPSS version 21.

Results  This study involved 60 six-month-old infants, and the findings revealed no significant difference between the 
two groups concerning magnesium, phosphorus, zinc, and vitamin D. However, infants in the formula-feeding group 
exhibited significantly elevated mean serum levels of iron and selenium, whereas breastfed infants displayed higher 
levels of calcium.

Conclusion  The findings of this research revealed a significant difference in calcium, selenium, and iron levels 
between formula-fed and breastfed infants, even though all variables were within the normal range for both groups. 
In light of these results, conducting further studies with a larger sample size and extended follow-up periods 
becomes imperative.
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Introduction
The prevalence of allergic reactions to foods in the first 
three years of life is about 6–8% [1]. Also, it has been 
noted that allergy to cow’s milk is the most common 
form of food allergy in children. Dairy products con-
sumed by mothers can also cause allergies in infants [2]. 
Food allergies are often caused by IgE-mediated and non-
IgE-mediated mechanisms [3] that may lead to growth 
disorder, anemia, colic, eczema, chronic diarrhea, diar-
rhea, hemorrhage, persistent vomiting, constipation, rhi-
norrhea, wheezing, etc. [4]. .

Cow’s milk has several protein compounds that can 
enter the breast milk and induce digestive problems [5]. 
On the other hand, Breast milk is the most appropri-
ate source of food which ensures the physical and brain 
development of a child up to the age of 6 months [6] 
and reduces malnutrition and deaths in children and 
infants [7, 8]. Therefore, in patients with food allergies, 
it is primarily recommended to continue breastfeeding 
by adjusting the mother’s diet. However, in irresponsive 
infants or mothers with the inability to breastfeed, an 
appropriate formula is needed. In these cases, hypoal-
lergenic formulas such as extensively hydrolyzed formula 
(eHF) or amino acid-based formulas can be the choice 
[9].

Notably, infants have a constant need for micronutri-
ents and sufficient nutrition for growth and develop-
ment. Since cessation of consuming dairy products in 
breastfeeding mothers with allergic infants is a neces-
sary treatment, one of the most important concerns is 
the lack of receiving these micronutrients from mother’s 
milk. Considering the high prevalence of food allergy 
and the importance of proper nutrition in this age group, 
paying attention to micronutrients is an important and 
challenging issue. Therefore, it may be assumed that the 
use of formulas containing micronutrients is more suit-
able for these infants. As it seems that breast milk is the 
appropriate milk for any type of breastfeeding and based 
on the shortage of evidence and similar studies compar-
ing micronutrients in breast and formula-fed infants, 
we assessed the status of micronutrients in infants with 
cow’s milk allergy (CMA) in these infants.

Materials and methods
This historical cohort study was conducted from Octo-
ber 2020 to October 2021 on 60 infants diagnosed with 
CMA who had been referred to the gastroenterology 
clinic of 17 Shahrivar Hospital, Iran. CMA was indicated 
with the clinical symptoms and signs of sensitivity to 
cow protein such as vomiting, chronic diarrhea, dysen-
tery, and restlessness. A definitive diagnosis of CMA was 
indicated by the symptom elimination due to the cessa-
tion of cow’s milk from the mother’s and infant’s diet and 
the recurrence of symptoms upon reintroduction of milk 

[10]. Infants who received this diet for at least 3 months 
entered the study.

Exclusion criteria were underlying diseases or a his-
tory of taking drugs or supplements other than those 
mentioned as necessary for age. Also, infants with com-
bined feeding including breast milk and dietary formula, 
those who started complementary feeding earlier than 6 
months of age, and breastfed infants whose mother had 
a special medical condition or needed to take a special 
drug or supplement except Calcium- vitamin D were 
excluded. We also did not include infants with failure 
to thrive based on the WHO growth standards with 
z-scores less than two standard deviations.

Notably, the age range of our infants was less than 6 
months and we selected those with gastrointestinal mani-
festations, including food and protein-induced enteroco-
litis, proctocolitis, and enteropathy syndromes.

This study comprised 60 infants, with 30 infants 
assigned to the breastfeeding group and 30 to the for-
mula-feeding group. In the breastfeeding group (group 
1), mothers adhered to a cow’s milk-restricted diet and 
received a daily supplement of Calcium-vitamin D. For 
the formula-feeding group (group 2), infants exclusively 
consumed extensively hydrolyzed milk powder, excluding 
those on amino acid-based milk powders. Both groups 
received daily supplements of 400 units of vitamin D and 
1500 units of vitamin A.

At 6 months of age, before the introduction of com-
plementary feeding, all infants underwent laboratory 
assessments. These included plasma levels of calcium, 
phosphorus, iron, vitamin D, magnesium, zinc, and sele-
nium in a unified laboratory setting. Plasma levels of 
magnesium, zinc, iron, and calcium were determined 
using the Audit unit kit, Ferene, Colorimetric, Xylidyl 
Blue, and Arsenazo methods, respectively. The level of 
25-hydroxyvitamin D was assessed with the Diasorine 
kit utilizing the Chemiluminescence method. Serum 
phosphorus levels were measured using the Phospho-
molibdate method with a Man kit, and selenium plasma 
levels were determined through the Atomic Absorption 
method.

Statistical analysis
Data were analyzed by IBM SPSS Statistics for Windows, 
Version 20.0. Armonk, NY: IBM Corp. At first, the nor-
mality of the quantitative data was assessed using the 
Kolmogorov-Smirnov test. In the case of normally- dis-
tributed data, T-test was used to compare the variables in 
two groups. If there were non-normally distributed vari-
ables, the Mann–Whitney U test was used. A significance 
level of less than 0.05 was considered significant.
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Results
In this study, 60 infants under 6 months known to have 
CMA were evaluated in two groups of dietary formula-
fed and breast milk. Results showed that 21 neonates 
(70%) of dietary formula-fed and 16 (53.3%) of the breast-
fed group were girls and no significant difference was 
noted between the two groups in terms of sex (P = 0.288). 
In terms of weight at six months, there was no significant 
difference between dietary formula (7583 ± 3.920  g) and 
breast milk (7746 ± 6.859 g) (P = 0.48).

As Table 1 shows, it was found that the mean level of 
serum calcium in breast-fed infants was significantly 
higher than the serum calcium level of infants fed with 
dietary formula (P = 0.036). Meanwhile, the mean serum 
level of selenium and iron in formula-fed infants was sig-
nificantly higher than in the breastfed group (P = 0.0001). 
Notably, our results indicated that despite these signifi-
cant differences between calcium, selenium, and iron, all 
of them were within the normal range in both groups. 
However, in terms of phosphorus, zinc, and vitamin D, 
the comparison of the two groups showed no significant 
difference (P > 0.05).

Discussion
Cow’s milk is one of the first foods that enter a child’s 
diet, and CMA is the most common food allergy in the 
first year of life [11]. Conducted due to its high preva-
lence and the widespread necessity of identifying optimal 
nutrition for infants, this study yielded insightful results. 
Despite both groups exhibiting all variables in the normal 
range, breastfed infants displayed a significantly higher 
mean calcium level compared to formula-fed infants. 
While no significant differences were observed between 
groups in terms of phosphorus, zinc, and vitamin D, 
formula-fed infants exhibited elevated levels of selenium 
and iron.

We obtained higher levels of calcium in breastfed 
infants. In addition to being a vital component of bone, 
calcium is a messenger in cell-signaling pathways. 
Total calcium contents in breast milk rise significantly 
during the first five days of lactation, then gradually 
decrease over this course [12]. On the other hand, the 

concentration of ionized calcium in breast milk remains 
constant during the lactation process, indicating a 
homeostasis similar to that found in blood [13]. It has 
been reported that breast milk calcium concentrations 
are not impacted by maternal status [14] or vitamin D 
or calcium-containing diet interventions [15]. Therefore, 
it seems that despite the use of the elimination method 
in breastfed infants, we did not notice reduced calcium 
levels. It is noteworthy that breast milk typically contains 
about 200–250  mg/L of calcium. Our study was con-
ducted on infants consuming an extensive hydrolyzed 
formula, which includes 610 mg/L of calcium.

In addition, the homeostasis of calcium can be kept by 
the hormone activities, including parathyroid hormone, 
1, 25 dihydroxyvitamin D3, and calcitonin, which regu-
late its transportation in the intestine, kidneys, and bone. 
Therefore, it is assumed that not only the calcium intake 
from the diet can affect its level, but also these hormones 
can have a significant impact [16]. However, further 
investigations are needed to elucidate this issue.

We found that the mean serum level of selenium in 
both groups was in the normal range despite its signifi-
cantly higher level in formula-fed infants. Selenium as a 
cofactor is necessary to preserve the glutathione peroxi-
dase activity and it is a critical trace element in our body 
[17]. Colostrum has the largest quantities of selenium, 
which decreases as breastfeeding goes on. This pattern 
is similar to what is seen in milk proteins that contain 
selenium [18]. While breast milk typically contains about 
1-2.5 micrograms/dL selenium. Our study was conducted 
on infants consuming an extensive hydrolyzed formula, 
which includes 3 micrograms/dL [19].

Several investigations have reported a considerable but 
weak correlation between selenium in blood plasma and 
breast milk [20, 21]. Breast milk selenium concentrations 
are highly influenced by dietary selenium intake, which is 
indicative of the selenium level in the soils used to farm 
food [22]. This variance explains why selenium concen-
trations have been found in a wide variety of geographical 
locations [23]. Therefore, it seems that we can consider 
the geographical regions we have performed our study as 
a probable cause of lower levels of selenium in breastfed 
infants despite it being placed in the normal range.

In our recent investigation, we observed that Iron (Fe) 
levels were notably lower in breastfed infants, though still 
within the normal range. Infant formulas are enriched 
with iron regarding the probability of iron deficiency 
and limited iron absorption in formula-fed compared 
to breastfed infants [24]. While breast milk typically 
contains about 0.3  mg/L, our study was conducted on 
infants consuming an extensive hydrolyzed formula, 
which includes 7.2 mg/liter of iron. Another key distinc-
tion between breast milk and formula lies in the elevated 

Table 1  Comparison of the mean serum levels of micronutrients 
in the two groups
Micronutrients Formula

N = 30
Breastfeeding
N = 30

P-value

Calcium ( mg/dL) 9.94 ± 0.37 10.17 ± 0.47 0.036
Magnesium ( mg/dL) 2.34 ± 0.18 2.33 ± 0.16 0.712
Phosphorus ( mg/dL) 5.65 ± 0.72 5.60 ± 0.62 0.775
selenium ( mg/dL) 87.42 ± 25.63 64.65 ± 19.08 0.0001
zinc ( mg/dL) 93.07 ± 18.37 92.87 ± 16.15 0.964
Iron ( mg/dL) 70.70 ± 26.02 43.27 ± 20.69 0.001
Vitamin D ( mg/dL) 34.85 ± 10.97 39.00 ± 17.31 0.273
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concentration of lactoferrin, a bioactive protein that 
binds to iron [24]. Therefore, it has a high bioavailability 
[25].

It is noteworthy that despite the low iron concentration 
in human milk, it is believed to be unrelated to maternal 
iron status and remains unaffected by maternal diet or 
iron supplementation [25]. Since we found that iron level 
was in the normal range in both groups and formula-fed 
infants had higher levels of iron, it can be inferred that 
breast milk composition is optimal for infants’ devel-
opment. However, clinicians have to consider the side 
effects of increased iron on neurodevelopmental param-
eters, growth, and infection [24].

Notably a previous investigation assessing adoles-
cents consuming highly iron-enriched formulas during 
infancy after 16 years showed that they had weak prob-
lem-solving, processing, and quantitative reasoning skills 
and worse visual-motor integration [26]. This evidence 
emphasizes the importance of monitoring iron levels 
before administering iron supplements in infants.

Conclusions
The findings of this research revealed a significant differ-
ence in calcium, selenium, and iron levels between for-
mula-fed and breastfed infants, even though all variables 
were within the normal range for both groups. There-
fore, this study solves our concern that maternal dairy 
restrictions will disrupt the intake of enough calcium for 
this group of infants. In light of these results, conduct-
ing further studies with a larger sample size and extended 
follow-up periods becomes imperative. Such activi-
ties would contribute to more robust findings and shed 
light on a potentially more favorable feeding pattern for 
infants with CMA, promoting optimal growth and pre-
venting malnutrition in children.
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