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Abstract
Objectives: Formulas made from hydrolyzed rice proteins (HRPF) are well‐
tolerated plant‐based alternatives to cow's milk protein (CMP)‐based
formulas for the dietary management of paediatric patients with CMP
allergy (CMPA). Growth in patients with CMPA fed with HRPF has been
evaluated in several studies with conflicting results. The aim was to
evaluate the growth pattern of children with CMPA over a 12‐month follow‐
up period.
Methods: Prospective cohort study evaluating growth patterns in challenge
proven CMPA paediatric patients receiving HRPF for 12 months.
Outcomes were anthropometry (body weight, body length, head circum-
ference), adherence to the study formula and occurrence of adverse
events (AEs).
Results: Sixty‐six children were included and completed the 12‐month study.
At baseline, all CMPA patients were weaned. For the entire CMPA pediatric
patients' cohort, from baseline to the end of the study period, the growth pattern
resulted within the normal range of WHO growth references. The formula was
well tolerated. Adherence was optimal and no AEs related to HRPF use were
reported.
Conclusions: HRPF is well tolerated and can help support healthy growth
and development in infants and young children with CMPA. These type of
formula can be given with complementary foods in the dietary manage-
ment of CMPA.
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1 | INTRODUCTION

Cow's milk protein allergy (CMPA) is a relevant
problem worldwide with lifelong implications for health.1

With an estimated prevalence of up to 3%, it is one of
the most common food allergies and one of the main
causes of food‐induced anaphylaxis in the paediat-
ric age.1

Management of CMPA includes elimination of cow's
milk proteins from the diet and identification of suitable
alternatives for a nutritionally balanced diet.2 When
breastfeeding is not possible, there are a variety of
special formulas for infants and children with CMPA
that can be selected based on the patient's age,
disease features, and local availability.2‐5

It has been suggested that compared with breast-
feeding, formula feeding is more likely to cause
malnutrition in children with CMPA.6,7

Formulas for the dietary management of paediatric
CMPA contain different protein sources.4 Regardless of
the protein source, these formulas must comply with
relevant food regulations, be nutritionally complete to
support normal growth and development in infants, and
have to undergo clinical trials to support efficacy.8

Formulas made from hydrolyzed rice proteins
(HRPFs) have been developed and marketed in
Europe over the last two decades.8,9 They are well‐
tolerated plant‐based alternatives to cow milk proteins
(CMP)‐based extensively hydrolyzed formulas (EHF)
for the dietary management of paediatric patients
affected by CMPA.8‐14

Growth in paediatric patients with CMPA fed with
HRPFs has been evaluated in several studies with
conflicting results. Many studies were focused on small
cohorts of patients and were of relatively short duration.15‐
18 In a prospective, nonrandomised, open single‐centre
study evaluating the growth of infants treated with different
formulas during the first 2 years of life, growth was
significantly lower in 15 infants (mean age of 2.42 months)
fed with HRPF at different time points.15 Similar results
were reported in a randomised trial designed to investigate
whether the type of formula used in the complementary
feeding period affects growth in infants with CMA. In this
study, 30 infants aged from 3 to 6 months, treated with
HRPF up to 12 months of age showed negative values for
both weight‐for‐age and length‐for‐age z‐scores at different
study points.16 In contrast, in a study designed to assess
whether an HRPF allows normal growth and adequate
metabolic balance during a 6‐month treatment period in 8
CMPA patients (mean age of 10.7 months), weight and
height z‐scores remained within expected ranges.17 In a
study aimed to evaluate the hypoallergenicity and safety of
a new HRPF for 6 months in 36 CMPA infants of mean
age of 3.4 months, weight‐for‐age and weight‐for‐length
increased significantly towards full normalization during the
study.14 Similarly, in a randomised trial aimed to assess
growth, tolerance and plasma biochemistry, 32 infants

(mean age of 1.8 days) treated with HRPF for 16 weeks
showed growth patterns similar to healthy controls treated
with CMP‐based formula.18

Based on this evidence, the present study was
designed to evaluate the growth pattern of children with
CMPA receiving HRPF for a treatment period of
12 months.

2 | METHODS

2.1 | Study design and ethics

A prospective cohort study was conducted from
September 2020 to December 2022 in a tertiary Centre
for Paediatric Allergy.

The study was approved by the Ethics Committee of
the University Federico II of Naples and was conducted
in accordance with the Helsinki Declaration (Fortaleza
revision, 2004), the standards of Good Clinical Practice
(CPMP/ICH/135/95), and the pertinent European and
Italian regulations on data protection.

2.2 | Participants

Non‐breastfed paediatric patients (aged 2−24 months)
with suspected immunoglobulin E (IgE)‐mediated or
non‐IgE‐mediated CMPA were eligible for the study.
Patients were referred to the Center by family
paediatricians to confirm CMPA diagnosis.

Exclusion criteria were age < 2 or >24 months at
the first evaluation; breastfed infants; concomitant

What is Known

• The management of cow's milk protein
allergy (CMPA) includes the elimination from
the diet of cow's milk protein sources and
identifying suitable alternatives for a nutrition-
ally balanced diet.

• Growth in paediatric patients with CMPA
fed with rice hydrolysed formula has been
evaluated in several studies with conflicting
results.

What is New

• Rice hydrolyzed formula is well tolerated and
can help support healthy growth and devel-
opment in infants and young children
with CMPA.

• Rice hydrolyzed formulas can be given with
complementary foods in the dietary manage-
ment of CMPA.
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presence of celiac disease or other chronic gastro-
intestinal diseases; other allergic diseases; chronic
systemic diseases; chronic infectious diseases;
autoimmune diseases; immunodeficiencies; malfor-
mations; malignancies; genetic and metabolic dis-
eases; cardiac diseases; chronic respiratory tract
diseases; cystic fibrosis; history of gastrointestinal
tract surgery; treatment with antibiotics in the previ-
ous 4 weeks; participation in other studies.

2.3 | Patients' evaluation

At baseline, after written informed consent was
obtained from the parents/caregivers of all study
subjects, the patients were evaluated by a Multi-
disciplinary Paediatric Allergy Team (MPAT) formed
by paediatric allergists, dietitians, and nurses. For all
patients the MPAT performed a complete medical
history (i.e., type of delivery, gestational age, birth
weight, breastfeeding, weaning age, family history of
allergy, exposure to passive smoking/maternal
smoking during pregnancy) and clinical assessment
collecting of all demographic, anthropometric, and
clinical data.

Anthropometric measurements were collected ac-
cording to standardized procedures by calculating the
mean of two measurements with the mean of the two
closest measurements recorded (see Supporting Infor-
mation: Appendix 1 for diagnostic study procedures).

Skin prick tests and atopy patch tests with
fresh cow's milk were also performed (see Support-
ing Information: Appendix 1 for diagnostic study
procedures).

If the suspected diagnosis of CMPA was confirmed
on the basis of the medical history and clinical
evaluation, an elimination diet period of 2−4 weeks
was started with the use of HRPF (BLEMIL RISO® 1 or
2, Laboratorios Ordesa S. L). The composition of the
study formulas is reported in the Supporting Informa-
tion: Table S1.

In patients with complete resolution of CMPA‐related
signs and symptoms on the exclusion diet with HRPF,
the oral food challenge (OFC) was performed after 2−4
weeks to confirm the diagnosis of IgE‐ or non‐IgE‐
mediated CMPA, as previously described19‐22 (see
Supporting Information: Appendix 1 for diagnostic study
procedures). Subjects with a diagnosis of CMPA
confirmed by OFC were invited to participate in the study.

Parents/caregivers were instructed on how to follow
an adequate CMP‐free diet with verbal and written
instructions on how to prepare, use and weigh HRPF
and solid foods, and how to record daily formula and
solid food intake in the standardised a 3‐day food
record (2 weekdays and 1 weekend day).23

It was recommended that patients follow a
normocaloric diet (daily energy intake was based
on the patient's age and sex), consisting of proteins
(population reference intake: 1.00−1.32 g/kg/die),
carbohydrates (45%‐60% of energy intake [En]), fat
(35−40% En; <10% En from saturated fatty acids,
5−10% En from polyunsaturated fatty acids), and
fiber (8.4 g/1000 kcal) according to the reference
values recommended by the Italian Society of
Human Nutrition.24 Supplementation with calcium
and vitamin D was evaluated in case of deficiency
and/or inadequate dietary intake.5 Dietary assess-
ment of energy and nutrient intakes was performed
by analyzing the 3‐day food records using an ad hoc
software (Winfood 3; Medimatica Srl) at each study
visit by independent experienced registered dieti-
tians not directly involved in the study and in the
patient care.

Then, according to the standard care procedures
for patients with CMPA, two visits after 6 and 12
months were planned. During the visits, the MPAT
assessed clinical status, the compliance to the
CMP‐free diet, the growth, the adherence, and the
compliance with the HRPF by analysing the 3‐day
food records administered by the study dietitian and
reviewing the notes regarding the HRPF use in the
diary recorded by parents. Compliance was judged
acceptable if 80% of the recommended HRPF intake
was achieved.

Unscheduled visits were made, when necessary,
for allergic symptoms or other morbidity.

Adverse events (AEs), serious and nonserious,
during the 12‐month study period were notified by
the investigators and coded according to diagnosis,
severity, date of onset, and resolution. They were
reported and classified by the investigators as
related (definitely, probably, or possibly related) or
unrelated (unlikely or not related) to the use of the
study formula. All data were recorded in the specific
clinical chart.

2.4 | Study outcomes

The main study outcome was the weight‐for‐age
z‐score (WAZ) of children with CMPA receiving HRPF
over a 12‐month treatment period compared with the
WHO Child Growth Standards.25

Explorative analyses were: the WAZ at 6 m from
baseline; additional anthropometric measures
(weight, g; length, cm; head circumference, cm;
weight‐to‐length ratio) and their Z‐scores compared
with WHO Standards after 6 and 12 m from baseline;
formula intake; and AEs reported throughout the
study.

NOCERINO ET AL. | 3
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2.5 | Sample size

The sample size calculation determined that 63 infants
were needed to demonstrate a mean WAZ significantly
greater than the non‐inferiority margin of −0.5 SD
(primary outcome) with a standard deviation of 1.2 SD
at the α level of 0.025 with 90% power in a one‐tailed
t‐test.

The non‐inferiority margin of −0.5 SD corresponds
to a difference in weight gain of 3 g/day, which is
considered clinically relevant by the American Acad-
emy of Pediatrics.26 With an estimated dropout rate
of up to 5%, an enrolment target of 66 subjects was
planned.

2.6 | Statistical analysis

A clinical trial monitor reviewed the clinical forms for
completeness, clarity, consistency, and accuracy.
All the data were collected anonymously and entered
into the study database using a single data entry
method. The study database was cleaned according
to standard procedures and was locked before
statistical analysis by the statistical team. The
Kolmogorov‐Smirnov test was used to determine
whether continuous variables were normally distrib-
uted, in which case they were reported as mean (SD).
Continuous variables that were not normally distrib-
uted were reported as median and interquartile range
(IQR). Categorical variables were reported as the
number and proportion of subjects with the character-
istic of interest. Estimated means and 95% confi-
dence intervals (CIs) of the z‐score at each visit were
calculated. According to sample size calculation, a CI
approach was used to assess the non‐inferiority of the
primary outcome, compared to the WHO standards.
The estimated mean WAZ and 95% CI were com-
pared with the non‐inferiority margin of −0.5 SD; non‐
inferiority was demonstrated if the lower limit of the
95% CI of WAZ was above −0.5 SD. Data between
enrolment and after 6 and 12 months from baseline
were compared using paired Student's t‐test. Individ-
ual growth trajectories were plotted and examined to
gain a better insight into the interindividual variability
of growth. The level of significance for all statistical
tests was two‐sided, p < 0.05. All analyses were
performed using SPSS for Windows (SPSS Inc,
version 23.0).

3 | RESULTS

A total of 86 subjects were assessed for eligibility.
Four subjects were excluded due the presence of at
least one exclusion criterion, 5 due to other diag-
noses, and 11 were excluded due to negative OFC

leaving a total of 66 children (54.5% male, mean ± SD
age of 9.4 ± 4.5 months).

Baseline medical history, demographic, and clinical
features of the study population are reported in
Supporting Information: Table S2. All patients com-
pleted the study without any protocol violations. All
children were compliant.

Figure 1 shows the mean (95% CI) of the standard
deviations score of body weight (panel A), body length
(panel B), head circumference (panel C) and weight‐
for‐length ratio (panel D) at baseline, at 6 months and
at 12 months from baseline. The estimated mean (95%
CI) WAZ after 12 m‐treatment period from baseline was
0.99 (0.76−1.21), and the lower limit of the 95% CI was
above the non‐inferiority margin of −0.5 SD. Also after 6
m‐treatment period from baseline the lower limit of the
95% CI was above the −0.5 SD non‐inferiority margin,
with a mean (95% CI) WAZ of 1.02 (0.69−1.35). The
mean of WAZ increased over the course of the study
(Figure 2, panel A). The results for other anthropomet-
ric z‐scores were similar to those for WAZ. At 6 months
from baseline was observed a significant decrease of
length; however, the mean value was not ≤2 SDS, and
returned at T12 similar to that at baseline. No
significant difference was observed in the standard
deviation score of head circumference compared the
study points. A significant increase in the standard
deviation score of weight‐for‐length ratio was observed
during the study.

In Supporting Information: Table S3 all anthropo-
metric measurements of the study population are also
reported by sex. At 6 months and at 12 months from
baseline the lower limit of the 95% CI of the WAZ was
above the non‐inferiority margin of −0.5 SD for both
males and females. The only significant difference
between the two groups was observed for the head‐
circumference‐for‐age z‐score at 6 and at 12 months
from baseline.

Figure 2 plots the mean of body weight (panel A),
body length (panel B) and head circumference
(panel C) at baseline, at 6 months and at 12 months
from baseline. A significant increase in body weight,
body length and head circumference was observed
during the study.

Figure 3 shows the individual changes in the
standard deviation scores for body weight (panel A),
body length (panel B), head circumference (panel C)
and weight‐for‐length (panel D) at baseline, at 6 and
12 months from baseline. At baseline, some subjects
presented with < −2 SDS for WAZ (n = 2), length‐for‐
age (n = 4) and weight‐for‐length (n = 1), indicating
malnutrition. However, at 12 months from baseline all
subjects had SDS higher than −2 for all anthropo-
metric measurements. Furthermore, already after
6 months from the enrolment, no infant had a weight
or a weight‐for‐length < −2 SDS, confirming that
the subjects achieved normal growth early on. In

4 | NOCERINO ET AL.
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addition, we examined patterns of weight/length/
head circumference velocity of patients throughout
the study period, by using the WHO reference for
growth standards. As the WHO reference standards
for growth velocity are available up to 24 months of
age, we evaluated the weight/length/head circumfer-
ence velocity for age standard deviation score at 6
months and at 12 months from baseline in patients up
to 18 months of age at enrolment and after 6 months
of treatment. From 6 months to 12 months the vast
majority of subjects presented a weight/length/head
circumference velocity for age standard deviation
score between −1 and 1 (Supporting Information:
Table S4). Finally, the mean weight gain was
2983.63 g at T6 compared to T0, and 1253.18 g at

12 months from baseline compared to T6. Similarly,
the mean length gain was 5.97 cm at 6 months from
baseline to T0, and 6.98 cm at 12 months from
baseline compared to 6 months from baseline.

At 6 months and at 12 months from baseline, the
mean (±SD) daily formula intake was 350.8 (±60.4) mL,
and 282.6 (±67.6) mL respectively. Total daily energy
and nutrient intakes were within the recommended
reference values for gender and age for all study
subjects at each study visit (data not shown).

Regarding safety data, there were 29 nonserious
AEs due to acute gastroenteritis (n = 8), respiratory
infections (n = 9), and febrile illness/viral infections
(n = 12). All AEs were considered to be unrelated to
the HRPF use.

F IGURE 1 Mean (95% CI) of weight‐for‐age (panel A), length‐for‐age (panel B), head circumference‐for‐age (panel C) and weight‐for‐length
(panel D) z‐scores at baseline, at 6 months and 12 months from baseline. *p < 0.05 versus T0.

NOCERINO ET AL. | 5
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4 | DISCUSSION

The results of this study suggest that the 12‐month
dietary treatment with HRPF is well tolerated and can
help support healthy growth and development in
infants and young children with IgE‐ or non‐IgE
mediated CMPA. These results are well in line with
previous evidence reporting that HRPFs exhibit good
efficacy and tolerance and appear to be adequate in
promoting normal growth in both healthy children and
paediatric patients affected by CMPA.14,17,18,27 Based
on the current evidence, the commercially available
HRPFs seem to be adequate to restore a normal
growth and ensure metabolic balance and they are
considered an appropriate strategy for the dietary
management of paediatric CMPA.9 The strengths of
our study, when compared with the available literature

on this topic,14‐18 are related to the fact that the
investigation was conducted with an adequate sample
size, calculated on the non‐inferiority margin of
−0.5 SD, which was considered clinically relevant. In
addition, the study was conducted in a well‐
characterised population of children with challenge‐
proven CMPA who were followed at a tertiary center
for paediatric allergy. The study methodology was
rigorous, with diet and formula intake systematically
assessed using standardized procedures. Lastly, the
12‐month follow‐up period adopted in our study was
longer than other previous studies available in the
literature,14,16‐18 suggesting that HRPF may help to
support healthy growth in CMPA children even in the
long term. However, to better assess this aspect,
future studies are advocated. Nonetheless, this study
has limitations. Our data cannot be generalised to

F IGURE 2 Mean of body weight (panel A), body length (panel B), head circumference (panel C) at baseline, at 6 months and 12 months
from baseline. *p < 0.05 versus T0; °p < 0.05 versus T6.

6 | NOCERINO ET AL.
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children with conditions that were reasons for exclu-
sion from the study.

Our findings are well in line with those outlined in
the Diagnosis and Rationale for Action against Cow's
Milk Allergy guidelines. In fact, it has been stated that
HRPF has proven hypoallergenicity and is suitable for
dietary management, and it has been shown to support
infant growth compared to other hypoallergenic formu-
las and where available, it can be therefore recom-
mended as a first‐line alternative for feeding infants and
children with CMPA.28

In addition, a recent survey of Spanish paediatri-
cians on this topic showed that HRPF was indicated as
the second preferred alternative formula after EHF, and
that more than 80% of paediatricians believed that
HRPF was better accepted by infants in terms of
organoleptic qualities compared to EHF, as far as taste
preferences are concerned.29 Another important point

is the cost‐effectiveness of HRPF; in fact, in a recent
study, hypoallergenic formulas accounted for the
largest proportion of the total cost of managing CMPA,
averaging 69% across all comparators, with a minimum
of 58% for HRPF and a maximum of 87% for amino
acid‐based formulas.30

However, according to the ESPGHAN position
paper,31 it is important to consider the arsenic content
of HRPFs, as this is not stated for all commercial
HRPFs.32 Therefore, only HRPFs whose the arsenic
content is known and within the recommended limits
should be used.33

To date, evidence is lacking on the effects of
HRPFs long‐term consumption in infants and children
on bone mineralization, on the acquisition of immune
tolerance, and on their exact place in complex
conditions associated with CMPA, such as allergy to
hydrolysates, multiple food allergies and neonates.

F IGURE 3 Individual changes of the standard deviation score of weight‐for‐age (panel A), length‐for‐age (panel B), head circumference‐for‐
age (panel C) and weight‐for‐length (panel D) at baseline, 6 months and 12 months from baseline.

NOCERINO ET AL. | 7
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Thus, more data are needed to better support the use
of HRPFs in these specific settings.

In conclusion, among the special formulas already
available, HRPFs where accessible, may be a suitable
alternative as an adjunct to complementary foods for
the dietary management of infants and children with
CMPA that can help to meet nutritional requirements
and can help support healthy growth in paediatric
patients affected by CMPA.
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