Blesa-Baviera et al. BMC Pediatrics (2025) 25:229 BMC Pediatrics
https://doi.org/10.1186/s12887-025-05446-6

Check for
updates

Growth and gastrointestinal tolerance
of healthy formula-fed infants: a multicentre,
prospective observational study

Luis Blesa-Baviera', Ana Albors?, Pedro Samblas®, Ursula Maraguat?, Cristdbal Coronel-Rodriguez’, Beatriz Abad®,
Flena Viciano’, Francisco Javier Pérez-Sddaba’ and Cecilia Martinez-Costa®"

Abstract

Background Infant formula with human milk oligosaccharides (HMOs) and increased {3-palmitate mimics breast milk
nutritional composition and clinical benefits. We aimed to assess formula-fed infant growth, gastrointestinal tolerance,
infections, and parental satisfaction with a partly fermented infant formula with an improved lipid profile (enriched
with 3-palmitate and docosahexaenoic/arachidonic acid) and short and long-chain oligosaccharides (scGOS/IcFOS
[9:1]) and HMO:s.

Methods A prospective descriptive observational study in healthy infants with formula feeding or breastfeeding
(reference population) was conducted in six Spanish primary care centres following routine clinical practice. In the
first, second and fourth month of life visits sociodemographic, clinical, and anthropometric variables (weight, length,
head circumference), stool consistency (Brussels Infant and Toddler Stool Scale [BITSS]), gastrointestinal symptoms,
infections incidence and associated healthcare resource utilisation, and caregivers' satisfaction with formula were
collected. A descriptive statistical analysis was performed (STATA-v.14). Growth was estimated as the mean (standard
deviation) increase in the anthropometric variables and z-scores.

Results A total of 61 formula-fed and 65 breastfed infants were included in the study (50.8% male). The average
increase in weight, length and head circumference in the formula feeding and in the breastfeeding groups from the
first to the fourth month of life was 2,566 (496) g, 9.7 (1.7) cm and 4.4 (1.0) cm, and 2,571 (702) g, 9.8 (1.8) cm and

4.4 (1.1) cm, respectively. The weight z-score was —0.1 (0.7) for formula-fed and 0.1 (1.1) for breastfed infants. In all
visits, more than 88% of infants had loose/watery stools and most infants suffered gastrointestinal symptoms with
low/medium frequency. In the fourth month of life visit, 16 (26.2%) formula-fed and 16 (24.6%) breastfed infants

had infections, mainly respiratory, with 16% of formula-fed and 12% of breastfed infants requiring treatment. Most
formula-feeding caregivers had a good/very good opinion of formula (85.2%). 75.4% infants drank the whole feeding
bottle.
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Conclusions The growth, gastrointestinal tolerance, and incidence of infections of healthy formula-fed infants
during the first four months of life were appropriate and in line with WHO standards. Formula feeding caregivers were
satisfied with this partly fermented infant formula with an improved lipid profile and oligosaccharides.

Keywords Formula feeding, Breastfeeding, Growth, Gastrointestinal tolerance, B-palmitate

Background

The World Health Organization (WHO) recommends
exclusive breastfeeding during the first six months of
an infant’s life as it is the optimal source of nutrients for
newborn infants [1]. Breastfeeding positively correlates
with less infectious and immune-mediated diseases,
improved cognitive development and lower risk of being
overweight and having type 2 diabetes later in life [2-4].
Moreover, nursing women have a reduced risk of type 2
diabetes and breast and ovarian cancer [3].

The WHO reports that 44% of infants aged 0—6 months
are exclusively breastfed worldwide [5]. However, sig-
nificant differences exist in breastfeeding rates across
countries. For instance, in eleven European countries,
the rate of breastfeeding (exclusive or mixed feeding) at
six months ranged from 38% in Italy to 71% in Norway,
with exclusive breastfeeding rates ranging from 10 to 39%
across countries [6]. In Spain, 46% and 28% of infants
received any breastfeeding or were exclusively breastfed,
respectively [6]. Perceived insufficient milk, misinter-
preted unsettled infant behaviours and the need to rest
are some of the reported reasons for mixed or formula
feeding [7, 8].

Although formulas cannot emulate the living, dynamic
nature of breast milk and the mother-infant interaction
during breastfeeding [7], formula composition is required
to resemble breastfeeding in nutritional and clinical ben-
efit. Breast milk’s nutritional composition is unique with
lactose as the most abundant nutrient, followed, in this
order, by fat, human milk oligosaccharides (HMOs) and
proteins [9]. In this context, infant formula is designed to
mimic the nutritional composition of breast milk and is
intended as an effective substitute when breastfeeding is
not possible [10].

As the second largest macronutrient in breastmilk, fat
provides 50% of the total energy content [9]. Palmitate
represents almost 25% of fatty acids in breast milk [10].
Most of it is esterified in the sn-2 (B) position, which
allows its absorption [11]. However, esterification in the
sn-1 or sn-3, which are the most in infant formula, results
in high levels of free palmitic acid in the infant’s intestine.
This binds to calcium, forming insoluble calcium soaps
[11]. Calcium soaps are excreted with faeces and are
associated with reduced calcium and fatty acid absorp-
tion and with hard and infrequent stools [11, 12]. Infants
fed with formulas with higher B-palmitate levels show
reduced excretion of palmitic acid-derived calcium soaps
and increased fatty acids absorption. The consequences

of this are better bone mineralisation for the grow-
ing skeleton, improved stool consistency and fatty acid
metabolism and intestinal microbiome development
[12, 13]. Docosahexaenoic (DHA) and arachidonic acid
(ARA) are also two essential fatty acids present in breast
milk important for infant growth, immune system, vision,
cognitive development, and motor systems [10].

More than 150 oligosaccharide structures have been
identified in breast milk [9]. Of these, 90% and 10%
correspond to short and long chain oligosaccharides,
respectively [14]. HMOs are complex, non-digestible and
non-nutritional oligosaccharides in human breast milk
but are almost absent in cow’s milk [2, 15]. After lactose
and lipids, HMOs are the third most abundant solids
of breast milk [16]. HMOs composition vary between
women and during lactation, and their concentration
depends on the Lewis blood group and secretor status of
the mother [17]. However, 2'-fucosyllactose and lacto-
N-neotetraose are two of the most predominant HMOs
[18]. Clinical trials and observational studies have shown
HMOs beneficial effects for infant growth, immune pro-
tection and balanced microbiome development and that
formula supplementation with HMOs is safe and well tol-
erated [2, 18].

A novel partly fermented (postbiotic-providing) infant
formula was developed with an improved lipid profile,
with increased levels of B-palmitate from milk fat and
DHA/ARA. This formula also contains more than 100
different oligosaccharide structures, with HMOs and
short chain galacto-oligosaccharides and long chain
fructo-oligosaccharides (scGOS/IcFOS), in the 9:1 ratio
in which they are present in breastmilk. The scGOS/
IcFOS (9:1) prebiotic mixture, mimics the quantity but
mainly the diversity and function of the oligosaccha-
rides of breast milk [19-23]. More than 90 publications
from more than 40 clinical trials have shown important
clinical benefits of this infant formula, with fewer aller-
gic symptoms and infections, while also promoting gut
microbiome development and improved stool frequency
and consistency [24, 25]. However, real-world studies
may help to understand whether these benefits are also
achieved in routine clinical practice.

With this study we aimed to determine the growth, gas-
trointestinal tolerance, infections, associated healthcare
resource utilisation and parental satisfaction of healthy
infants fed from their first to their fourth month of life
with a partly fermented (postbiotic-providing) infant
formula with an improved lipid profile (high p-palmitate
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levels from milk fat and DHA/ARA) and oligosaccharides
(scGOS/IcFOS [9:1] and HMOs).

Methods

Study design and setting

A descriptive, multicentre, prospective observational
study in healthy infants was conducted between May
2021 and October 2022 in six Spanish primary health
care centres in Valencia (Serreria I, Serreria II, Malvar-
rosa and Trafalgar), Sevilla (Amante Laffon) and Madrid
(El Resto6n). Infants were recruited by their paediatricians
during the routine visit at first month (+5 days) of life.
Infants were followed up during routine clinical prac-
tice visits in their second (+5 days) and fourth (+5 days)
month of life (Fig. 1).

Population
Eligible subjects were one month old (+5 days), healthy
infants born between 37 and 41 weeks of gestation, whose

Birth of the
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1st month of
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parents/legal guardians (hereafter, caregivers) signed
the informed consent. The choice of starting exclusive
breastfeeding or exclusive formula feeding was freely and
voluntarily made by the caregivers prior to their inclusion
in the study. Breastfed infants received breastmilk from
the moment they were born. Formula feeding infants
started feeding with a partly fermented (postbiotic-pro-
viding, derived from the Lactofidus™ fermentation pro-
cess) infant formula with an improved lipid profile (high
B-palmitate levels from milk fat and DHA/ARA) and oli-
gosaccharides (scGOS/IcFOS [9:1] and HMOs) (Almirén
Profutura® 1; Nutricia, Danone Specialised Nutrition,
Spain). Infants who changed their type of feeding during
the study period (three months), were excluded from the
final analysis. Exclusion criteria included known intoler-
ance/allergy to lactose or cow’s milk; conditions requir-
ing types of infant feedings other than those specified in
the protocol; relevant diseases or disorders that contrain-
dicated their inclusion or permanence in the study and,

4th month of
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Fig. 1 Study design and study variables. HCRU: Healthcare Resource Utilisation; BITSS: Brussels Infant and Toddler Stool Scale
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according to the investigators’ criteria, caregivers’ inabil-
ity to follow the instructions or procedures of the study.

A population of exclusively breastfed infants was
included as a reference group. Both breastfeeding and the
infant formula, provided free of charge to subjects, were
given ad libitum.

With regard to sample size, the number of infants
under one year of age in Spain, which was 359,045 in Jan-
uary 2020, and the percentage of formula-fed infants in
Spain were taken into account [26, 27]. Sample size was
calculated using a 95% confidence interval, a standard
deviation (SD) of 5.1 based on WHO data [28], and a pre-
cision of 5% to estimate an increase of 25.8 g/day [28]. It
was necessary to enrol a minimum of 60 infants in each

group.

Study objectives

The primary objective of the study was to determine the
growth, defined as the average weight gain at two and
four months of age from the first month of age, of healthy
formula-fed infants. The secondary objectives were to
evaluate infant anthropometric measurements (length
and head circumference increase; length-for-age, weight-
for-age, and head circumference-for-age z-scores), to
determine the gastrointestinal tolerance, and to describe
the type, severity, duration, and associated healthcare
resource utilisation (HCRU) of infections. Additionally,
satisfaction with the formula from the perspective of
caregivers was assessed.

The aim of the study was not to compare the benefits of
formula feeding with breastfeeding, because the benefits
of breastfeeding exceed those of other feeding options.
The objective of the study was to take the breastfeed-
ing group as a reference to analyse whether growth is
adequate when formula feeding is chosen for personal or
health reasons.

Study variables and measurements

Sociodemographic and clinical characteristics

Baseline infant characteristics, recorded in the first
month of life visit, included sex, age and lactation type.
Labour-related variables were type of labour, weeks of
gestation, mother’s age and number and order of sibling
in family unit.

Growth: anthropometric measurements and z-scores

At birth and at each visit, the infants’ weight, length, and
head circumference were measured by the paediatrician
using standardised procedures.

Gastrointestinal tolerance: stool characteristics and
gastrointestinal symptoms

Stool consistency and gastrointestinal tolerance from
the previous week were recorded during the second and
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fourth month of life visits. To assess stool consistency,
caregivers used the Brussels Infant and Toddler Stool
Scale (BITSS) and classified their infants’ stools as hard,
formed, loose or watery based on their resemblance to
one of the seven photographs included in the scale [29].
Clinicians registered the value from the first month of
life visit. To evaluate gastrointestinal tolerance, caregiv-
ers recorded the frequency of their infants’ feeding and
after-feeding discomfort, feeding and after-feeding regur-
gitation, feeding and after-feeding vomiting, flatulence,
bloating and after-feeding satisfaction.

Infections and associated HCRU

The occurrence of infections was collected from the first
to the second and from the second to the fourth month
of life. The number, type (respiratory, gastrointestinal,
skin, otitis, others [conjunctivitis, fever]), and duration of
the infections were registered. Treatment type and dura-
tion, number of visits to the paediatrician (emergency or
booked) and to the accident and emergency department
(A&E), and hospitalisations associated with the infec-
tions were recorded to estimate the HCRU.

Caregivers’ satisfaction with formula feeding

During the second and fourth month of life visits, care-
givers completed an ad-hoc formula satisfaction ques-
tionnaire (only formula-fed group). Questions and
answering options included: “What is your general opin-
ion about formula feeding? Very good/Good/Good
enough/Bad/Very bad; and ‘In the last week, how much
of the product did your infant take?’ Less than half/More
than half but not all/Whole feeding bottle.

Statistical analysis

Absolute and relative frequencies were calculated to
describe qualitative variables, whereas centrality and dis-
persion measures (mean, standard deviation, quartiles,
minimum and maximum) were calculated for quantita-
tive variables. STATA v.14 was used for data analysis.

Sociodemographic and clinical characteristics were
compared for baseline differences between the formula
feeding and breastfeeding groups using t-test for nor-
mal homoscedastic distributions, Mann-Whitney U test
for distributions not meeting those requirements and
the Pearson Chi? test for categorical variables. The same
tests were used to evaluate the differences between both
groups during follow-up. Only the differences that were
statistically significant are indicated. P-value<0.05 was
regarded as statistically significant.

Regarding the infants’ growth, differences from the
first month of life in mean weight, length and head cir-
cumference were calculated to estimate their growth in
both groups. Weight-for-age, length-for-age and head
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circumference-for-age z-scores were calculated using
WHO Child Growth Standards [30].

Percentages of infants with low (never or rarely),
medium (sometimes) and high frequency (always or
often) of gastrointestinal symptoms were calculated for
each symptom for both groups.

Compliance with ethics guidelines

The study was conducted in accordance with the Dec-
laration of Helsinki, followed Good Clinical Practices
according to the International Conference on Harmoni-
sation and was evaluated and approved by the reference
Ethics Committee for Research on Medicinal Products
of the Hospital Clinico Universitario of Valencia, Spain
(approval reference number: 211/20). All parents or legal
guardians of the subjects gave their written informed
consent.

Results
Sociodemographic and clinical characteristics
A total of 159 infants were invited to participate. Of them,
142 were included, 66 and 76 in the formula feeding and
breastfeeding groups, respectively (Fig. 2). From these,
61 and 65 infants completed the study, respectively. The
most common reasons for drop-out were parental deci-
sion (n=2) and transition to mixed feeding (n =6) for the
formula feeding and breastfeeding groups, respectively.
The mean (SD) age of the infants at enrolment was 1.0
(0.1) months and 50.8% of them were male. The mean

Page 5 of 11

weight, length and head circumference at birth was 3,280
(382) g, 49.8 (1.9) cm and 34.3 (1.0) cm, respectively. The
mean weeks of gestation were 39.3 (1.1), and mother’s
mean age was 33.7 (4.9) years. Most infants were the first
or the second in the family unit. Formula feeding and
breastfeeding infants showed similar baseline character-
istics with no statistically significant differences. How-
ever, a higher proportion of formula-fed infants were
born by C-section (p=0.021) (Table 1).

Growth

From the first to the fourth month of life, formula-fed
infants showed a mean (SD) increase of 2,566 (496)g in
weight (Fig. 3a), 9.7 (1.7) cm in length (Fig. 3b) and 4.4
(1.0) cm in head circumference (Fig. 3c). These results
were consistent with those of the breastfeeding refer-
ence group (p=0.895 for growth, p=0.696 for weight and
p=0.808 for length). In addition, in the fourth month of
life, formula-fed infants’ mean z-scores for weight and
length (Fig. 3d), were consistent with breastfeeding. Only
statistically significant differences were found between
groups in head circumference z-score (p=0.010). All
results were in line with WHO standards [30].

Gastrointestinal tolerance

88.5%, 91.8% and 88.5% of formula-fed infants had loose
or watery stools in their first, second and fourth month
of life, respectively (Fig. 4). In the breastfeeding group,
96.9% in the first and second month of life, and 89.2% in
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Table 1 Sociodemographic and clinical characteristics
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Total population  Formula feeding Breastfeeding p-value
Sex, n (%) Male 64 (50.8%) 33(53.2%) 31 (47.7%) 0472*
Female 62 (49.2%) 28 (46.8%) 34 (52.3%)
Type of labour, n (%) C-section 21 (16.7%) 15 (24.6%) 6(9.2%) 0.021*
Vaginal labour 105 (83.3%) 46 (75.4%) 59 (90.8%)
Type of feeding, n (%) Breastfeeding 65 (51.6%) - - -
Formula feeding 61 (48.4%)
Weeks of gestation, mean (SD) 393(1.1) 39.1(1.1) 394(1.1) 0.092°
Mother's age (years), mean (SD) 33.7(4.9) 33.1 (6.0 343 (3.5) 0.400"
Infants'age at baseline visit (months), mean (SD) 1.0(0.1) 1.0(0.1) 1.0(0.1) 0.890"
Number of children in family unit, n (%) 1 58 (46.0%) 28 (45.9%) 30 (45.2%) 0.805"
2 54 (42.9%) 25 (41.0%) 29 (44.6%)
3 9 (7.1%) 5(8.2%) 4(6.2%)
4 3 (2.4%) 2(3.3%) 1(1.5%)
5 1(0.8%) 1(1.6%) 0 (0.0%)
9 1(0.8%) 0(0.0%) 1(1.5%)
Order of sibling in family unit 1st 56 (44.4%) 28 (45.9%) 28 (43.1%) 0.970"
2nd 56 (44.4%) 25 (41.0%) 31 (47.7%)
3rd 9 (7.1%) 5(8.2%) 4 (6.2%)
4th 3(2.4%) 2(3.3%) 1(1.5%)
5th 1 (0.8%) 1(1.6%) 0 (0.0%)
8th 1(0.8%) 0 (0.0%) 1(1.5%)
Anthropometric measurements at birth, mean (SD) ~ Weight (g) 3,280 (382) 3,274 (398) 3,286 (370) 08517
Length (cm) 498 (1.9) 499(1.7) 49.7 (2.1) 0.6081
H. circumference (cm)  34.3(1.0) 34.3(0.9) 343(1.2) 0.980/

p-values in bold indicate statistically significant differences; * Pearson Chi® test; + Mann-Whitney U test; A t-test. H. circumference: Head circumference; SD: standard

deviation

the fourth month, had loose or watery stools. No hard
stools were detected in any of the infants at any time-
point. Differences were not statistically significant at any
timepoint (p=0.067, p=0.210 and p=0.900 in the first,
second and fourth month of life, respectively).

Formula feeding and breastfeeding resulted in adequate
gastrointestinal tolerance with no statistically significant
differences between groups. In general, most caregivers
reported low or medium frequency for most symptoms
(Additional File 1). However, 32.8% of formula-fed and
32.3% of breastfed infants suffered from flatulence with
high frequency in their second month of life. 15.4% of
breastfed infants showed feeding and after-feeding regur-
gitation with high frequency. In the fourth month of life,
high-frequency symptoms were reported in less than 15%
infants for each category.

After-feeding satisfaction was good in both groups.
More than 75% of infants seemed always or often satis-
fied after feeding in their second and fourth month of life
from the caregiver’s perspective (Additional File 1).

Infections and associated HCRU

In the formula feeding group, a total of 12 infants (19.7%)
suffered 12 infections episodes from their first to their
second month of life, and 16 infants (26.2%) had 21 infec-
tions episodes from their second to their fourth month
of life (Table 2). The number of infants with infections
in the reference breastfeeding group followed the same

pattern and showed no statistically significant differences
with the formula feeding group (p=0.690 and p=0.835 in
the first to second and in the second to fourth month of
life periods, respectively). In the whole period, 19 (31.1%)
formula-fed, and 23 (35.4%) breastfed infants had infec-
tions (p=0.614), of whom 11 and 5 infants had more than
one infection, respectively. Infants were mainly treated in
primary care setting with a booked appointment. In both
groups, respiratory infections were the most common
infection: 81.0% of formula-fed and 70.6% of breastfed
infants infections from the second to the fourth month of
life. Infections had a mean duration of four to seven days.

Nine (14.8%) and ten (16.4%) formula-fed infants in
each period, and eight breastfed infants in both periods
(12.3%), required treatment. Differences were not statis-
tically significant (p=0.688 and p=0.512, respectively).
Antipyretics were the most common prescribed treat-
ment. In the formula feeding group, the mean (SD) dura-
tion of treatment with antipyretics was 2.7 (1.5) days
in the first period (first to second month) and 3.0 (1.4)
days in the second period (second to fourth month). In
the breastfeeding group, the mean duration was 1.5 (0.7)
days in both periods.

Caregivers’ satisfaction with formula feeding

More than 80% of formula feeding caregivers reported
having a good or very good opinion about formula feed-
ing in both study visits (Table 3). Moreover, 67.2% and
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Table 2 Incidence and type of infections in formula-fed and breastfed infants

Infections From 1st to 2nd month of life From 2nd to 4th month of life
Formula feeding N Breastfeeding N Formula feeding N Breastfeeding N
Infants with infections, n (%) 12 (19.7%) 61 11 (16.9%) 65 16'(26.2%) 61 16(24.6%) 65
Total infections per group, n 12 - 11 - 21 - 17 -
Respiratory, n (%) 10 (83.3%) 12 7 (63.6%) 11 17 (81.0%)A 21 12 (70.6%) 17
Gastrointestinal, n (%) 1(8.3%) 1(9.1%) 1 (4.8%) 3(17.6%)
Skin, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (5.9%)
Otitis, n (%) 0 (0.0%) 0 (0.0%) 0(0.0%) 0(0.0%)
Others, n (%) 1(8.3%) 3(27.3%) 3(14.3%) 1 (5.9%)
Conjunctivitis 1(100%) 1 2 (66.7%) 3 3(100.0%) 3 1 (100%) 1
Fever 0 (0.0%) 1(33.3%) 0 (0.0%) 0 (0.0%)

Alncluded 2 infections of COVID-19; T 3 patients with > 2 infections; ¥ 1 patient with =2 infections

Table 3 Satisfaction with formula feeding: General satisfaction and quantity taken

2nd month of life 4th month of life

What is your general opinion of formula feeding? Very good 32(52.5%) 34 (55.7%)

N (%) Good 20 (32.8%) 18 (29.5%)
Good enough 1(1.6%) 1(1.6%)
Bad 0 (0.0%) 0 (0.0%)
Very bad 0 (0.0%) 0 (0.0%)
Not recorded 8(13.1%) 8(13.1%)

Inthe last week, how much of the product did your infant take? Less than half 1(1.6%) 0 (0.0%)

N (%) More than half but not all 11 (18.0%) 7 (11.5%)
Whole feeding bottle 41 (67.2%) 46 (75.4%)
Not recorded 8 (13.1%) 8 (13.1%)

In bold are the answers with a frequency > 15% for each question

75.4% infants had taken the whole feeding bottle in the
preceding week of the second and fourth month of life
visits, respectively (Table 3).

Discussion

Human milk is the preferred nutritional choice for new-
borns. Breast milk reduces the impact of infections in
infants, allergic manifestations and metabolic diseases,
and promotes the development of balanced intestinal
microbiota [31]. Formula feeding is a good alternative
when breastfeeding is not possible [1, 10]; however, little
evidence is available to further demonstrate its suitabil-
ity and benefits in the real-world setting. This descrip-
tive study, following routine clinical practice, shows the
benefits of a partly fermented infant formula with an
improved lipid profile (high p-palmitate levels from milk
fat and DHA/ARA) and oligosaccharides (scGOS/IcFOS
[9:1] and HMOs) for infant growth, gastrointestinal tol-
erance, incidence of infection and associated HCRU and
parental satisfaction with a 3-month follow-up.

In this study, 61 formula-fed and 65 breastfed healthy
infants were included and followed from their first to
their fourth month of life visits. The higher proportion of
formula-fed infants born by C-section is in line with pre-
vious results [32-38]. Type of labour influences the initi-
ation and duration of breastfeeding [35]. Different studies
have highlighted the stress, pain, fear of failure and the

need of help after surgery associated with breastfeeding
(32, 36-38].

The increase in weight, length and head circumference
was comparable between formula feeding and breast-
feeding groups. There were only differences between
groups in terms of head circumference z-score. Never-
theless, both groups increased their head circumference
by 4.4 cm. Only when calculating the head circumference
z-score a statistically significant difference did emerge,
which was considered not clinically relevant. Further-
more, both groups had age-appropriate growth in all
parameters, in line with WHO standards in all cases [30].
This suggests that this partly fermented formula with an
improved lipid profile and oligosaccharides promotes
the development and growth of the infant in accordance
with breastfeeding at least in the first four months of life.
These results are comparable to other real-world studies
evaluating the growth of infants fed with formulas sup-
plemented with HMOs [39, 40], as HMOs supplementa-
tion has shown benefits for infant growth [2]. Therefore,
these results show how the infant formula under study,
with the addition of certain components to infant for-
mula that resemble breastmilk composition, despite the
differences, can provide nutritional value and promote
infants’ growth in an important phase of child develop-
ment. This would be useful in situations where, either for
personal reasons or for health reasons, breastfeeding is
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not possible. In this context, clinicians need alternatives
for the adequate growth of infants.

Infant formula is often associated with harder stools,
constipation and gastrointestinal symptoms [41, 42].
However, in this study more than 88% of formula-fed
infants had loose or watery stools during the study
period and none had hard stools according to BITSS
scale; this may be attributed to the increased -palmitate
levels from the milk fat in this infant formula. Higher
B-palmitate levels correlate with reduced formation of
calcium soaps and softer stools, more similar to breastfed
infants [11, 12, 43]. Most caregivers of formula-fed and
breastfed infants reported low or medium frequency for
most gastrointestinal symptoms, suggesting that the for-
mula was well-tolerated. Good gastrointestinal tolerance
has also been shown with other formulas with increased
B-palmitate in clinical trials and real-world studies [43,
44].

Higher incidence of atopic dermatitis and respiratory
infections, such as bronchitis and bronchiolitis, have
been associated with conventional formulas compared
with breastfeeding or mixed feeding in a clinical trial
[45] and real-world study [46]. In our study, the infec-
tion rate was comparable between groups, with 31.1% of
formula-fed and 35.4% of breasted infants having infec-
tions, mainly respiratory, similar to other studies carried
out with formulas supplemented with HMOs [24, 40].
HMOs, which are not present in conventional formulas,
may account for this improvement due to their beneficial
effect of promoting immune system development [2, 18].
Similarly to the incidence of infections, HCRU was con-
sistent between groups.

The level of caregiver satisfaction with this infant for-
mula was very high. Infants also seemed satisfied with
formula feeding, as most of them had taken the whole
feeding bottle in the preceding week of the fourth month
of life visit.

The study had several limitations. Firstly, the amounts
of formula ingested by the participants were not
recorded, nor was the volume of breastmilk. The amount
of formula or breastmilk to be ingested was established
by the paediatrician according to routine clinical prac-
tice, based on the number of feedings in both groups, the
frequency, what the caregivers reported and the weight
and growth of the infants. As the development and
growth of the infants were within normal limits and in
line with WHO standards, it was assumed that in both
cases the recommendations of the paediatrician were
followed in accordance with standard practice and that
infants’ calorie intake was enough. Secondly, the study
included a small sample of subjects from which it is dif-
ficult to draw inferences from the general Spanish popu-
lation, and even though the aim was not to compare the
study population with the reference group, a sufficient
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size was obtained to analyse baseline differences and to
determine growth in our sample. Infants from different
geographic regions in Spain were included. Although
inferences cannot be made for the rest of the population,
this study shows robust results on infants’ growth, and
they can be applied to other populations and geographic
areas. Thirdly, this was a real-world study and therefore
there was no randomisation of subjects to groups, which
would imply a selection bias. However, in this case ran-
domisation would not be appropriate, as the general rec-
ommendation is that breastfeeding should be continued
until six months of age. The baseline characteristics of the
infants were analysed, and no significant differences were
observed between the groups, with the only exception of
the type of delivery. In addition, the recruitment process
by the paediatricians was completely free and voluntary,
and families were informed that they could withdraw
from the study at any point, to minimize the risk of coer-
cion or undue influence. Moreover, gastrointestinal toler-
ance and stool consistency were assessed by caregivers in
relation to previous weeks, which could lead to recall bias
and reflect subjective results based on caregivers’ percep-
tions. Since gastrointestinal signs and symptoms may be
difficult for caregivers to interpret, we used a validated
stool consistency scale and a short and simple symptom
frequency questionnaire in our study.

Conclusions

This prospective descriptive observational study showed
appropriate growth of healthy formula-fed infants dur-
ing the first four months of life, consistent with WHO
standards and in line with the growth of the breastfeed-
ing reference group. Gastrointestinal tolerance and inci-
dence of infections were also adequate and consistent
in both groups. In addition, caregivers of formula-fed
infants were satisfied with this partly fermented infant
formula with an improved lipid profile (high p-palmitate
levels from milk fat and DHA/ARA) and oligosaccharides
(scGOS/IcFOS [9:1] and HMOs).
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