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Abstract
Objective: To compare the effectiveness of extensively hydrolyzed protein-based formula 
(EHF) or amino acid–based formula (AAF) in reversing the weight and height deficit in infants 
on a cow’s milk protein elimination diet.
Methods: Infants from a retrospective cohort who were fed EHF (n = 17) or AAF (n = 16) for at 
least 2 months on a cow’s milk protein elimination diet were included. The weight and height 
values recorded in the infants’ medical records were obtained.
Results: The mean age of the infants at the start of EHF and AAF were 5.8 ± 2.6 and 4.4 ± 2.5 
months, respectively (P = 0.061). There was no difference between the groups in terms of the 
monthly weight gain (373.0 ± 212.2 and 453.1 ± 138.5 g, P = 0.223, respectively, for EHF and 
AAF), while the monthly increase in height was greater in the group fed with AAF (1.3 ± 0.5 
and 1.8 ± 0.6, P = 0.030). A comparison between the difference in the initial z-score and in 
the oral challenge test of weight-for-age (+0.7 ± 1.2 and +1.3 ± 1.4, P = 0.262, respectively, for 
the EHF and AAF groups), height-for-age (+0.2 ± 1.1 and +1.2 ± 1.8, P = 0.090), and body mass 
index (BMI)-for-age (+0.7 ± 1.3 and +0.7 ± 1.5, P = 0.971) did not reveal a statistically significant 
difference between the groups. Correlation coefficients showed that the greater the initial 
nutritional deficit, the greater the positive variation between the beginning of each formula 
and the oral challenge test.
Conclusion: EHF and AAF provided similar increases in the weight-for-age, height-for-age, and 
BMI-for-age z-scores in both groups. The monthly increase in height was greater in infants who 
received AAF.
© 2023 Codon Publications. Published by Codon Publications.
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The previous diagnosis and treatment of CMPA were defined 
by different physicians using their own usual diagnostic cri-
teria and therapeutic options.

All infants who met the above criteria when undergoing 
the open oral food challenge test at Hospital São Paulo 
by the Discipline of Pediatric Gastroenterology at Federal 
University of São Paulo – Escola Paulista de Medicina 
between January 2015 and March 2019 were admitted. 

Thus, infants who received only EHF with whey proteins 
(n = 17) or AAF (n = 16) between the start of administration 
of each of these formulas and the results of the open oral 
food challenge test were included in the study. 

From 6 months of age, the patients received comple-
mentary food according to the recommendations by the 
professionals responsible for the follow-up. 

Infants with serious diseases or congenital malforma-
tions that could interfere with the growth and nutritional 
status were excluded. 

The research was approved by the Research Ethics 
Committee of the Federal University of São Paulo (Approval 
number: 0718/10), and the legal guardians signed the Free 
and Informed Consent Term.

Weight and height assessment

The weight and height at the initiation of formula use were 
obtained by secondary data collection from the infants’ 
medical records. On the day of the open oral challenge 
test, weight and height were measured as part of the oral 
challenge test. Anthropometric data were classified based 
on standards provided by the World Health Organization.20

To assess the nutritional status and increment of weight 
and height, weight-for-age, height-for-age, and body mass 
index (BMI)-for-age, z-scores were calculated. The z-scores 
were calculated using Anthro Software, version 3.2.2. 

The weight gain (g/month) and height increase (cm/
month) were calculated based on the differences in weight 
or height between the onset of EHF or AAF and the oral 
food challenge test (value in the oral food challenge test –  
value at the beginning of the EHF or AAF) divided by the 
duration of use of each formula expressed in months.

Open oral food challenge test

The open oral food challenge test was performed in the 
morning when the infants were fasting, under medical and 
nutritionist supervision, staying for 2 h and 30 min in the 
health service. Infants who did not have clinical manifes-
tations suggestive of CMPA during this initial period were 
instructed to continue observation at home. A diet with 
cow’s milk and dairy products was allowed, with a recom-
mendation of a minimum intake of 150 mL a day of cow’s 
milk or infant formula with cow’s milk proteins. After 30 
days of reintroduction of cow’s milk proteins, the infants 
were reassessed to investigate possible late positive reac-
tion. The open food oral challenge test was defined as neg-
ative if the infant did not have any consistent symptoms of 
CMPA during this period of follow-up.3,7,18

Introduction 

The most common food allergy in the first 2 years of life 
is caused by cow’s milk proteins.1,2 Control of the clini-
cal manifestations of cow’s milk protein allergy (CMPA) is 
achieved by excluding allergenic proteins from the diet.3–6 
Considering the high rate of growth and development in 
the first 2 years of life, it is essential that the cow’s milk 
protein elimination diet fully meets all the nutritional 
needs that are required at this stage of life.3,6,7 According to 
several guidelines,1,3–6 infants with CMPA and gastrointesti-
nal tract involvement should receive replacement food for-
mulas with extensively hydrolyzed proteins or exclusively 
with amino acids.

Formulas with extensively hydrolyzed protein-based 
formula (EHF) and amino acid–based formulas (AAF) meet 
the nutritional demands of this stage of life that are set 
out in the Codex Alimentarius. In practice, it is estimated 
that up to 10% of children with CMPA may persist with clin-
ical manifestations while on an exclusion diet containing 
EHF. In turn, only AAF is considered fully hypoallergenic 
for all infants with CMPA.3,6 If the clinical symptoms do not 
improve on a diagnostic elimination diet with AAF, then 
it is highly unlikely that the symptoms are due to cow’s 
milk protein.6 In this context, the guidelines recommend 
that EHF be used as a first option for infants with CMPA, 
taking into account their effectiveness, palatability, and 
lower cost.1,3–6 For patients with CMPA who persist with 
symptoms in the presence of EHF or with severe clinical 
manifestations, such as intestinal malabsorption syndrome 
and/or impaired nutritional status, the use of AAF is rec-
ommended.1,3–6 However, there are concerns not only about 
the higher cost of AAF but also about its possible associa-
tion with a later occurrence of spontaneous development 
of oral tolerance.8 Although there are no specific refer-
ences, some experts believe that AAF may be associated 
with lower growth rates. 

On the other hand, there is evidence showing that 
AAF is associated with a faster clinical response.9–11 Some 
articles show that normal infants exhibit adequate growth 
when fed with EHF or AAF in the first months of life.12,13 
However, few studies have compared the growth of infants 
who were fed an elimination diet with EHF or AAF for sus-
pected or diagnosed CMPA, which may even have nutri-
tional impairment at the beginning of the cow’s milk 
protein elimination diet.7.14–19

Thus, the objective of this study was to compare the 
effectiveness of EHF with that of AAF in the evolution of 
weight and height of infants on a cow’s milk protein elimi-
nation diet by CMPA in real life. 

Material and Methods

Study design and casuistry 

A retrospective cohort study in which two groups of infants 
on a cow’s milk protein elimination diet were compared, 
who had received EHF or AAF for at least 2 months as  
part of the cow’s milk protein elimination diet. During  
the follow-up period, there was no exchange of formulas. 
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food challenge test – z-score at the beginning of each for-
mula). All the correlation coefficients calculated showed 
that the greater the initial nutritional deficit, the greater 
the positive variation between the beginning of each for-
mula and the oral food challenge test.

Discussion 

This study evaluated the gain in body weight and growth of 
infants on a cow’s milk protein elimination diet with clini-
cal signs of CMPA fed with EHF or AAF, from the moment 
of introduction of the formula until the performance of 
the oral food challenge test. It was evidenced that both 
groups showed increases in the mean z-scores indicative of 
nutritional recovery. The AAF-fed group showed a greater 
monthly increase in the height, probably due to the greater 
height-for-age deficit at the time of initiation of formula. 
Thus, according to the correlation coefficients, the greater 
the recovery of weight-for-age, height-for-age, and BMI-for- 
age, the greater the initial anthropometric deficit was 
observed to be. 

The treatment of CMPA is based on the exclusion of 
cow’s milk proteins from the diet.1,3,4,6 The elimination 
diet aims at the disappearance of clinical manifestations, 
maintenance of the integrity of the intestinal mucosa, 
prevention of absorption of food antigens, and prevention 
of triggering of new immunological or inflammatory reac-
tions.14 On the other hand, patients with CMPA may have 
an impaired nutritional status as well as reduced growth 
when compared to healthy children.7,15,18,19,21–24 Thus, it is 
extremely important to provide periodic assistance to chil-
dren with CMPA, by trained professionals, such that the 
correct indication of the formula is carried out, according 
to the needs of each child, as well as adequate dietary 
guidelines regarding the requirements for nutrient supple-
mentation, in order to avoid nutritional deficiencies.1,3,4–6 

It is important to highlight that nutritional catch-up can 
provide an equalization to the growth observed in healthy 
children; however, accelerated nutritional recovery can 
contribute to the development of chronic noncommunica-
ble diseases in adult life.15,25 

The performance of the oral food challenge test for 
the diagnosis of CMPA or to characterize the acquisition of  
tolerance to cow’s milk proteins is essential to define the 
end of the elimination diet. Although the EHF and AAF meet 
the requirements required by the Codex Alimentarius, 
there is evidence of lower growth during the cow’s milk 
protein elimination diet,23 as well as higher growth when 
the diet is restarted without restriction.18,19

In this study, the EHF group received a cow’s milk pro-
tein elimination diet for a mean period of 9.5 months, 
while in the AAF group, the mean time on the elimination 
diet was 8.7 months. It is important to highlight that half 
of the number of infants (50.0%) fed with AAF previously 
received EHF as a first option. Despite the fact that only 
5–10% of children fed with EHF showed persistence of 
signs and symptoms, in the composition of our series, a 
similar number of patients receiving AAF and EHF16,26 was 
observed, similar to the proportion found in a study car-
ried out in another Brazilian city.15 It is noteworthy that 

Statistical analysis

A statistical analysis was performed using SigmaPlot 12.5 
Software (Systat Software, San Jose, CA, USA). The quan-
titative variables were expressed as mean and standard 
deviation and qualitative variables as number and percent-
age. A comparison between groups was performed using 
the Student’s t-test or Mann–Whitney test, respectively, 
for variables with or without normal distribution. An intra-
group comparison between the values at the beginning of 
the formula and in the open oral food challenge test was 
performed with the paired t-test or Wilcoxon test for vari-
ables with or without normal distribution, respectively. 
The Pearson’s correlation coefficient was used to relate 
the z-scores from the beginning of the use of each formula 
to the respective differences until the open oral food chal-
lenge test. P-values less than 0.05 were considered as sta-
tistically significant.

Results 

Table 1 presents the characteristics of the two groups stud-
ied at the time of initiation of EHF or AAF. Similarities were 
observed between the groups with respect to the sex, his-
tory of prematurity, low birth weight, and previous dura-
tion of natural breastfeeding. 

All patients included in this study had digestive symp-
toms. Some of them had skin and respiratory clinical man-
ifestation associated with digestive symptoms. No patient 
had a history of anaphylaxis, angioedema, or a diagnosis 
of eosinophilic esophagitis. The diagnostic elimination diet 
(therapeutic test for CMPA) was used for all patients and 
had a positive effect in controlling the clinical manifesta-
tions of CMPA. In the group that were provided with EHF, 
a previous consumption of preparations with whole protein 
from cow’s milk or soy formula predominated. The differ-
ence between the mean age of the two groups was 1.4 
months (P = 0.061). At the beginning of each of the formu-
las, it was found that the weight-for-age and height-for-age 
z-scores were lower in the AAF group, and the differences 
were statistically significant. The proportion of positivity 
in the oral food challenge test was similar in both groups.

Table 2 shows that both groups showed an increase in 
values ​​referring to anthropometric parameters between 
the beginning of each formula and the oral food challenge 
test. In the group that received EHF, the increases were 
statistically significant for weight-for-age and BMI-for-age. 
In the AAF group, the positive variation was statistically 
significant for the weight-for-age and height-for-age.

Table 3 presents the monthly averages of weight and 
height increase during the period of use of EHF or AAF. 
The monthly increase in weight was similar in both groups, 
while the monthly increase in height was greater in the 
AAF group. The comparison between the differences in  
the z-scores between the beginning of each formula and 
the value in the oral food challenge test did not reveal a 
statistically significant difference between the groups. 

Figure 1 presents the correlations between the initial 
values of the z-scores and their corresponding differences 
over the period of use of each formula (z-score in the oral 
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Table 1  General characteristics of the groups studied at the beginning of the use of the formula with extensively hydrolyzed 
protein-based formula (EHF) or amino acid–based formula (AAF).

Type of formula

PExtensively hydrolyzed 
protein-based formula  

(n = 17)

Amino acid–based 
formula (n = 16)

Sex
Male 11 (64.7%) 9 (56.3%)

0.888a

Female 6 (35.3%) 7 (43.7%)

History of prematurity (N and %) 2 (11.8%) 4 (25.0%) 0.398b

Low birth weight, less than 2500 g (N and %) 2 (11.8%) 5 (31.3%) 0.225b

Previous duration of breastfeeding (months) 2.2 ± 1.9 1.7 ± 1.9 0.444c

Clinical manifestations before initiation of EHF or AAFd - - -

Digestive - - -

Infant colic 4 (23.5%) 2 (12.5%) 0.358a

Constipation 5 (29.4%) 3 (18.8%) 0.380a

Diarrhea 5 (29.4%) 6 (37.5%) 0.450a

Abdominal distension 4 (23.5%) 3 (18.8%) 0.536a

Bloody stool 5 (29.4%) 8 (50.0%) 0.197a

Nausea 1 (5.9%) 1 (6.3%) 0.742a

Food refusal 1 (5.9%) 3 (18.8%) 0.277a

Regurgitation 6 (35.3%) 8 (50.0%) 0.308a

Vomiting 3 (17.6%) 2 (12.5%) 0.530a

Cutaneous - - -

Urticaria 1 (5.9%) 3 (18.8%) 0.277a

Skin rash 3 (17.6%) 2 (12.5%) 0.530a

Respiratory - - -

Bronchospasm 2 (11.8%) 3 (18.8%) 0.469a

Dairy used for feeding before initiation of EHF or AAF - - -

Breast milk 2 (11.8%) 2 (12.5%) 0.004a

Formula with cow’s milk proteins 11 (64.7%) 6 (37.5%) -

Soy formula 4 (23.5%) 0 (0.0%) -

Extensively hydrolyzed formula 0 (0.0%) 8 (50.0%) -

Age at initiation of EHF or AAF (months) 5.8 ± 2.6 4.4 ± 2.5 0.061e

Anthropometric indicators at the beginning of EHF or AAF - - -

Weight-for-age z-score −0.9 ± 1.1 −2.0 ± 1.4 0.026c

Height-for-age z-score −0.6 ± 1.3 −2.4 ± 1.9 0.006c

BMI-for-age z-score −0.7 ± 1.4 −0.8 ± 1.5 0.787c

Duration of cow’s milk protein elimination diet (months) 9.9 ± 5.0 9.6 ± 8.5 0.280e

Duration of EHF or AAF use until oral challenge test (months) 9.5 ± 5.0 8.7 ± 8.7 0.130e

Oral food challenge test - - -

Positive 4 (23.5%) 3 (18.8%) 1.000b

Negative 13 (76.5%) 13 (81.2%) -

aChi-squared test; bFisher’s exact test; cStudent’s t-test; dEach patient could have more than one type of clinical manifestation 
before admission; eMann–Whitney test.
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Table 2  Z-scores for weight, height, and BMI (body mass index) for age at the time of initiation and on the day of the oral food 
challenge test for groups receiving extensively hydrolyzed protein-based formula (EHF) or amino acid-based formula (AAF).

Extensively hydrolyzed protein-
based formula (n=17)

P

Amino acid-based formula  
(n=16)

P
Initiation of 
EHF

Oral challenge 
test 

Initiation of 
AAF

Oral challenge 
test 

Weight-for-age z-score −0.9 ± 1.1 −0.2 ± 1.1 0.030a −2.0 ± 1.4 −0.7 ± 1.1 0.003a

Height-for-age z-score −0.6 ± 1.4 −0.4 ± 1.1 0.306b −2.4 ± 1.9 −1.1 ± 1.4 0.014a

BMI-for-age z-score −0.7 ± 1.3   0.0 ± 1.1 0.031a −0.8 ± 1.5 −0.1 ± 1.2 0.064a

aPaired t-test; bWilcoxon test.

Table 3  Monthly increase in the weight and height, and differences in z-scores between the initiation of extensively 
hydrolyzed protein-based formula (EHF) or amino acid-based formula (AAF) and the oral food challenge test (value in the oral 
food challenge test – value at the initiation of formula).

Extensively hydrolyzed 
protein-based formula (n=17)

Amino acid-based  
formula (n=16)

P

Weight (g/month) 373.0 ± 212.2 453.1 ± 138.5 0.223a

Height (cm/month) 1.3 ± 0.5 1.8 ± 0.6 0.030a

Difference in the z-scores between EHF or AAF 
initiation and oral food challenge test

- - -

Weight-for-age +0.7 ± 1.2 +1.3 ± 1.4 0.262a

Height-for-age +0.2 ± 1.1 +1.2 ± 1.8 0.090b

BMI-for-age +0.7 ± 1.3 +0.7 ± 1.5 0.971b

aStudent’s t test; bMann–Whitney test.

Figure 1  Pearson’s correlation coefficient between the initial z-scores and their variations until the oral challenge test (z-score 
value in the oral food challenge test – value at baseline) in the groups that were fed extensively hydrolyzed protein-based formula 
or amino acid-based formula.
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and in the oral food challenge test, were similar in both 
groups, indicating that the formulas improved the chil-
dren’s nutritional status. However, the group with AAF 
showed a greater monthly increase in height, which may 
suggest that this group of infants had more severe CMPA, 
requiring replacement of the EHF, introduced at the begin-
ning of the follow-up. With the introduction of AAF and 
the remission of symptoms, it is possible that the children 
benefited from accelerated growth recovery. A previous 
study10 carried out in children with CMPA and persistence 
of symptoms also highlighted the replacement of EHF by 
AAF. The authors observed that there was an increase 
in height-for-age z-scores after the introduction of AAF. 
These findings suggest that both formulas, despite substan-
tial differences regarding protein components, were able 
to promote progressive improvement in anthropometric 
parameters. In turn, it has been suggested that the rein-
troduction of whole cow’s milk protein may be one of the 
factors involved in the acceleration of growth after the oral 
challenge test.19

Another aspect that should be mentioned is the similar 
rate of oral tolerance development with the previous use 
of EHF and AAF, which disagrees with a previous study that 
showed a lower rate of oral development with the previ-
ous use of AAF.8 A direct comparison between the results 
is difficult due to the differences in the criteria used to 
compose the sample of the two studies. In this context, the 
present data point to the need for this aspect to be evalu-
ated in future studies.

It is important to emphasize that the major limitation 
of this study is that the groups are not constituted by ran-
domization. However, the studied sample allowed us to 
conclude that both formulas improved the weight-for-age, 
height-for-age, and BMI-for-age z-scores. It is worth not-
ing that the group fed with AAF showed a greater monthly 
increase in height, possibly because they had a greater 
nutritional deficit at the time of initiation of AAF use. 

Conclusion

EHF and AAF provided similar increases in the weight-for-
age, height-for-age, and BMI-for-age z-scores in both groups. 
The monthly increase in height was greater in infants who 
received AAF.
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both studies were carried out in specialized outpatient 
clinics that potentially treat more severe cases. 

In this context, national and international scientific 
societies1,3-6 recommend that for children with persistent 
symptoms to protein hydrolysate and, in cases of severe 
intestinal malabsorption syndrome and/or with severe 
impairment of nutritional status (z-scores of weight-for-
height less than 2 SD), one should use AAF. In our findings, 
a considerable portion of infants used AAF, and it is possi-
ble to suggest that this fact occurred because they had a 
more severe form of CMPA and/or more severe impairment 
of nutritional status, because at the beginning of the AAF, 
several infants had average z-scores ≤ −2 SD for weight- 
for-age and height-for-age. 

Another study27 evaluated the efficacy of AAF in 30 
infants with a history of weight loss and persistent aller-
gic symptoms using EHF. Prior to the introduction of AAF, 
infants were below the 50th percentile of the WHO refer-
ence population for weight and had watery stools or vom-
iting among other symptoms. After a 12-week period of 
being fed with AAF, there was an increase in the weight 
gain and a decrease in allergic symptoms and a significant 
reduction in the severity of food allergy (P = 0.020). It is 
likely that children with non-IgE-mediated allergies, such as 
those included in the present study, may be more suscepti-
ble to persistent allergic manifestations in the presence of 
formulas with extensively hydrolyzed proteins. 

In the present study, after nutritional intervention with 
EHF or AAF, the oral food challenge test demonstrated that 
both formulas provided improvement in all anthropomet-
ric parameters. As for the nutritional status of the groups 
at the time of initiating the formulas and in the oral food 
challenge test, it was possible to observe an improvement 
in the nutritional status in both groups, with a statistically 
significant increase in the anthropometric indices of weight-
for-age and BMI-for-age in the EHF group, and weight-for-
age and height-for-age in the AAF group, demonstrating that 
both formulas increased the weight and height in infants 
on a cow’s milk protein elimination diet. In addition, the 
correlation coefficients of all anthropometric indices evalu-
ated showed that the greater the initial nutritional deficit, 
the greater the positive variation between the beginning of 
each formula and the oral food challenge test.

There are few studies on the use of hypoallergenic for-
mulas and their relationship with the growth and develop-
ment of children on a cow’s milk protein restriction diet. 
Studies12,13 carried out with healthy infants fed with EHF or 
AAF showed adequate growth during the evaluation period. 
Another study14 followed the nutritional status of infants 
with CMPA fed with EHF or AAF for 9 months. The authors 
observed that the relative weight increased similarly in 
both groups during the first few months of follow-up; how-
ever, there was a gradual decrease in the EHF-fed group. 
Contrastingly, the relative weight continued to increase in 
the AAF group. Compared with the measurement at base-
line, the relative length increased in the AAF group but not 
in the EHF group. 

In our study, the assessment of monthly weight gain 
and the difference in z-scores for weight-for-age, height-
for-age, BMI-for-age, at the time of initiation of formulas 
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