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Abstract

Currently available guidelines on the daily formula milk requirements of infants are based on the needs of infants with
their growth pattern following the 50th percentile of the weight-for-age growth curve. Hence, current recommendations
may not thoroughly detail the needs of infants across the broad spectrum of body weight percentiles. This study aimed to
provide stratified recommendations for daily formula milk intake of fully formula-fed infants, across different weight-for-
age categories from 0 to 4 months. At first, theoretical age- and gender-specific weight ranges were constructed for infants
across five pre-defined weight-for-length percentile categories of the WHO growth standard. Thereafter, total daily energy
requirements for each category were calculated and converted to daily formula milk needs. Subsequently, these stratified
age- and weight-formula milk recommendations were compared to actual daily and relative formula milk of infants in these
categories, retrieved from pooled individual infant formula milk intake data derived from 13 clinical intervention trials. A
fitted regression model was used to evaluate differences in volume intakes across body weight categories as well as between
theoretically derived and actual intake values. Median daily formula milk volume intake (ml/day) of infants differed signifi-
cantly across the increasing weight-for-age categories at each time point, with significant differences between small and large
infants. Interestingly, the relative daily formula milk volume intake (ml/kg/day) was higher for smaller infants compared to
larger infants. The mean daily and relative formula milk intakes demonstrated the same pattern based on theoretical calcula-
tions as well as for the actual formula milk intake values retrieved from 13 pooled clinical intervention trials. Conclusions:
Based on theoretical calculations and actual formula intake data, we conclude that larger infants require a significantly higher
daily formula milk intake than smaller infants, and we postulate that infants could benefit from more tailored formula milk
intake recommendations.

What is Known:

o Adequate energy intake during the infancy period is crucial to support optimal growth and organ development, with the potential for long-
lasting health effects.

o Current available guidelines on the daily formula milk requirements of infants are based on the needs of infants with their growth pattern fol-
lowing the 50th percentile of the weight-for-age growth curve.

What is New:
® Based on using both theoretical calculations and actual formula intake data, larger infants require a significantly higher daily formula milk

intake than smaller infants.
o Exclusive formula-fed infants could benefit from more tailored formula milk intake recommendations, in early infancy.
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RP Responsive parenting
TEE Total energy expenditure
RWG Rapid weight gain
Introduction

The first 1000 days of life represent a critical period for estab-
lishing metabolic programming, corresponding with a rapid
phase of growth and development in infancy. During this time,
infants experience the fastest growth rate, reaching up to 30 g
per day, and then slowing down to approximately 15 g per
day by 3—6 months [1]. Therefore, ensuring adequate intake
and nutritional quality during this period is crucial to support
optimal growth and organ development, with the potential for
long-lasting effects on later-life health outcomes [2].

Exclusive breastfeeding is the recommended source of
nutrition for infants, providing all the necessary energy and
nutrients during the first few months of life [3]. However,
when breastfeeding is not feasible, infant formulas are con-
sidered the suitable alternative. Nonetheless, studies have
shown different growth patterns between breastfed and for-
mula-fed infants [4]. Formula-fed infants are more likely to
experience higher weight gain in their first year of life, which
has been associated with a higher overweight or obesity risk
in childhood [4]. Rapid weight gain (RWG) during infancy
has been linked to 3.6 times greater risk of becoming over-
weight or obese later in life [5]. The increased risk for RWG
in formula-fed infant populations may be due to several dif-
ferent mechanisms [6—10]. These include the higher total
energy and protein content in formula compared to breast
milk and/or inaccurate formula milk dispensing resulting in
higher energy intake from formula milk [11-13]. It is postu-
lated that formula-fed infants show less variability in volume
intake between feedings, larger total daily volume of feed-
ing, and have reduced self-regulation of energy intake [14,
15] which ultimately affects their growth patterns in early
life [16]. Overfeeding during this early period of life could
also lead to hyperinsulinemia and impaired insulin signaling,
resulting in rapid weight gain and adipose hyperplasia and
affecting a baby’s health throughout life [17].

Hence, introducing more precise daily formula milk
volume recommendations that match the growth and nutri-
tional requirements of formula-fed infants can be beneficial
in avoiding excessive as well as suboptimal energy intakes.

Currently, available guidelines on the daily formula milk
requirements of infants, including those from the Institute
of Medicine (IOM) or Food and Agriculture Organiza-
tion/World Health Organization/United Nations University
(FAO/WHO/UNU), are based on the needs of infants with
median body weight and the assumption that their growth
patterns follow the 50th percentile of weight-for-age growth
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curve [18-20]. Therefore, current recommendations might
not be sufficiently tailored to the needs of infants growing
across the broader spectrum of body weight percentiles for
each month.

We anticipate that more specific formula milk intake rec-
ommendations using stratification based on gender, age, and
weight of infants could more adequately guide daily energy
intake and eventually result in more optimal growth. This
approach could be of particular interest for smaller or larger
infants who are at higher risk for underweight or overweight
development, respectively, during infancy.

This study aimed to define stratified recommendations on
the required daily formula milk intake for exclusive formula-
fed infants across different weight-for-age categories from
0 to 4 months. As a proof-of-concept, the validity of the
stratified recommendations was evaluated using real-life
intake data, based on pooled data analysis from 13 clinical
intervention trials.

Methods

This study was conducted in a stepwise approach with
three phases. In the first phase, daily energy and formula
milk volume requirements were theoretically calculated
for infants from five pre-defined percentiles weight for
length percentiles according to the WHO 2006 growth
standards as small (10th percentile), medium-small (15th
and 25th percentiles), medium (50th percentile), medium-
large (75th and 85th percentiles), and large (90th percen-
tile) infants [18, 21]. As an example, Fig. 1 presents a
calculation of the daily energy and formula milk volume
requirements for girls at birth using the WHO weight-for-
length growth chart, from different growth percentiles.
In the second phase, actual daily formula intakes were
retrieved anonymously from 13 intervention clinical trials
done by Danone Nutricia Research, and stratified intake
data was generated according to the different weight per-
centile categories [22-35]. As a final step, we compared
our calculated formula milk intakes with real-life formula
milk intakes. These three phases have been explained in
detail in Supplementary A.

Statistical analysis

To assess potential differences in formula intake across
weight classes, we fitted linear regression models with
weight class as a predictor and formula milk intake (either
total daily formula milk (ml/day) or relative formula milk
volume (ml/kg/day) as response variable). The models
were fitted separately for each age/sex combination, and
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@ WHO weight for length chart—girl at birth

24 25 26 2,7 29 3 31
25 26 26 28 3 31 32
26 26 2,7 29 31 32 33
2,7 2,7 28 3 32 33 33
27 28 29 31 33 34 34
28 29 3 32 34 35 36
29 3 31 33 35 36 37
3 31 32 34 3,6 37 38
31 32 33 35 37 38 39
32 32 34 36 38 39 4
33 34 35 37 39 4 41

0, 1, 2, 3 months) = (89*Weight-100)+175
(4 month) = (89*Weight-100)+56

IOM Equation ‘

@ Daily energy requirements at birth (kcal/d)

Energy P10 |Energy P15 |Energy P25 |Energy P50 |Energy P75 |Energy P85 |Energy P90
2886 2975 306,4 315,3 333,1 342 350,9
297,5 306,4 306,4 3242 342 350,9 359,8
306,4 306,4 315,3 333,1 350,9 359,8 368,7
3153 3153 324,2 342 359,8 368,7 368,7
3153 3242 333,1 1350,9 368,7 3776 377,6
324,2 333,1 342 .359,8 377,6 386,5 395,4
3331 342 350,9 1368,7 386,5 395,4 404,3
342 350,9 359,8 3776 395,4 404,3 413,2
3509 359,8 368,7 386,5 404,3 413,2 422,1
3598 3598 377,6 395,4 413,2 422,1 431

368,7 3716 |386,5 14043 422,1 451 439,9

& J
combined ‘

@ Convert to daily formula milk (ml/day) and
relative formula milk (ml/kg)

¥

combined

The median (min — max) of energy needs calculated for Min
5 weight-for-length percentile categories of the WHO Quartile 1
growth standard: small (10th percentile), medium- Median

small (15th and 25th percentiles), medium (50th
percentile), medium-large (75th and 85th percentiles),
and large (90th percentile) infants.

Quartile 3
Max

gl

Fig. 1 Calculation steps for daily energy and formula milk volume requirements for girls at birth, growing at five pre-defined percentiles, using

the WHO weight-for-length growth chart months

both for theoretical and actual intake from the pooled
dataset of clinical studies. The details regarding null
hypotheses and sample size calculations are presented in
Supplementary B.

All inferential statistics were performed using R ver-
sion 4.3.3 for Windows. Power and sample size calcula-
tions were generated using the pwr.r.test function from
the pwr package (version 1.3-0) for R. Figures were gen-
erated using Prism 9.0.

Results

First phase: Calculation of stratified formula milk
volume intake recommendation

The median daily formula milk volume intake require-
ments (ml/day) for infants with smaller body weight cat-
egories were found to be significantly lower compared to
those infants with larger body weight categories at each
month (p <0.0001). However, there was still a small over-
lap in the daily formula milk requirements of infants with
different body weight categories (Fig. 2). Over time, the
difference in required daily formula volume intake ranges
between the groups increased due to larger differences in

weight-for-age values across the 10th to 90th percentile.
For example, the difference in required median formula
milk intake between smaller and larger baby girls at birth
was 211 ml/day compared to 305 ml/day at 4 months.
Furthermore, smaller infants required significantly
higher relative median formula milk (ml/kg/day) com-
pared to larger infants (p <0.0001), with small overlap
for infants with different body weight categories (Fig. 3).

Second phase: Actual formula milk intake in pooled
data from 13 clinical studies

Our analysis was designed cross-sectionally and as such only
included data of infants who were exclusively formula fed at
each time point (irrespective of prior feeding history). It means,
before enrolment and randomization, infants could have been
breastfed exclusively or partially. Hence, given the high preva-
lence of breastfeeding immediately after birth, we have only
limited available data points of formula-fed infants at birth
(0-2 weeks of age). Infants had to be exclusively or at least
predominantly formula fed at the time of allocation to one of
the randomized formula intervention groups. In a substantial
number of studies (8 out of 13), randomization of infants to the
intervention formulas took place before 5 weeks of age. In the
remaining studies, randomization occurred before 2 to 4 months
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of age (4 of 13 studies), and in one study, the start of infant
formula intervention took place before 7 months of age. As a
result, the total number of data points increased over time, with
numbers at 1 month (2-6 weeks of age) of 1877, at 2 months
(6-10 weeks of age) of 2044, at 3 months (10-14 weeks of
age) of 2482, and at 4 months (1418 weeks of age) of 2372.
These higher data points reflect a greater proportion of avail-
able formula intake information of infants who were exclusive
formula feeding during these periods (Supplementary Fig. 1).

@ Springer

Our analysis on the pooled data from clinical studies
demonstrated that the daily and relative daily formula milk
volume intake of smaller and larger infants differs signifi-
cantly. Larger infants had higher daily formula milk intake
but lower relative formula milk intake compared to smaller
infants, between 1 and 4 months (p <0.0001). No significant
difference in formula intake outcomes was observed based
on the limited available data points at birth (0—2 weeks)
(p>0.05) (Figs. 4 and 5 and Supplementary Figs. 3 and 4).
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Fig.3 Median (min—max)
relative formula milk volume
requirements (ml/kg/day) based
on the Institute of Medicine
(IOM) equation, for boys (A)
and girls (B) with different
weight-for-length percentile
categories, from 0 to 4 months.
*Significant differences
comparing large and small
categories at all-time points,
p<0.0001
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Supplementary Tables 2 and 3 present the calculated and ~ Third phase: Comparison of theoretical and actual

actual formula milk intakes, from O to 4 months.

milk intake from pooled clinical studies

We also assessed comparability between the mean weight
of the pooled clinical dataset and the WHO growth chart  To assess the trend of theoretical calculation for daily for-
[4]. The details of this comparison are presented in Sup- mula milk intake for infants of different body sizes, we com-

plementary C.

pared them with the actual daily formula milk volume intake
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(ml/day) and relative intake (ml/kg/day) from our pooled
dataset based on 13 clinical studies (Figs. 6 and 7 and Sup-
plementary Figs. 3 and 4).

A fitted regression model was conducted to compare the-
oretical and actual formula milk intake within the Q1-Q3
interquartile range. The results clearly showed that the slopes
exhibit the same trend between actual and theoretical intakes
with milk volume intake of infants increasing across weight
categories at each time point, for boys and girls. However,
at specific time points, the slope of the actual daily formula
intake data is significantly steeper for boys (at 1-3 months)

@ Springer

or shallower for girls (at 4 months (p <0.001)) compared
to theoretical calculated required daily formula intake data
(Supplementary Figs. 3 and 4).

Discussion

This study, for the first time, provides theoretical calcula-
tions for daily formula intake and compared them with actual
intakes based on pooled data from 13 clinical studies, across
a wider range of weight percentiles.
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We showed that larger infants on average tend to consume
significantly more formula milk than smaller infants based
on the pooled formula intake data from 13 clinical studies.
This observation was in line with theoretical calculations
across the five pre-defined stratified infant weight catego-
ries. In addition, the slopes of mean formula intakes across
weight categories based on actual and theoretical calcula-
tions were generally in the same direction, although it was
significantly steeper for boys and shallower for girls at spe-
cific time points (based on actual intake). We confirmed that
the required formula volume intakes between smaller and
larger infants are substantially different from infants growing
at the 50th percentiles and considering both sex and weight
categories is essential.

The formula milk intakes for infants are typically
based on the standard recommended quantities indicated
on formula packaging. These recommendations are tai-
lored to meet the needs of infants with average body
weight. The current formula recommendations may not
be optimal and tailored to the needs of infants growing
across the broad spectrum of body weight percentiles
[19, 35]. For instance, we calculated the energy require-
ments for 3-month-old infants in five pre-defined weight
categories using IOM equations. The results showed that
the minimum energy needs of infants growing at the 10th
percentile is 480 kcal/day, while the maximum energy
needs of infants at the 90th percentile is 720 kcal/day.
However, the recommended energy requirements for
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3-month-old infants with average weight according to the
WHO and EFSA are 583 and 479 kcal/day, respectively
[19, 35]. Therefore, adjusting the intake recommenda-
tions based on the infant’s weight percentile may lead
to more accurate and personalized feeding recommenda-
tions, and it could overcome the current limitations of
“population average” energy and formula milk recom-
mendations for formula-fed infants.
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Adequate nutrition tailored to infants’ needs throughout
infancy supports infants in achieving an appropriate growth
trajectory and can help prevent adverse health effects later
in life [5]. As such, both high or low formula milk intake
during the first 4 months of life could be important factors
contributing to the imbalanced infancy weight gain and sub-
sequent higher body weight or underweight during child-
hood [2, 10, 19]. For example, Ong et al. found that formula
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milk providing 640 kcal/day at 4 months led to increased
rapid weight gain until age 2 [10]. Therefore, more precise
and personalized formula milk recommendations can serve
as a strategy to help parents avoid underfeeding or overfeed-
ing their infants.

Inevitably, infant biology and individual developmental
needs play crucial roles in regulating milk consumption dur-
ing early life. While breastfed infants often self-regulate their

intake based on biological cues and individual developmental
needs, among exclusive formula-fed infants, the total formula
milk intake is more a complex interplay between infant biol-
ogy, infant development plus parental behavior, and formula
milk dispensing. Fildes et al. found that mothers tend to
encourage lighter infants with smaller appetites to drink more,
while restricting infants with larger appetites if they are bottle-
fed [36]. Other studies have also shown that formula milk
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dispensing and parental feeding behavior significantly impact
infants’ daily energy and nutrient intakes [35—40]. Ferguson
et al. investigated the effects of following different formula-
feeding guidelines advised by hospitals on infant weight gain.
Using a “Virtual Infant” model, they found that caregivers
following the first set of formula-feeding guidelines (with
recommended a higher minimum daily amount of formula
milk) might lead to overweight or obese infants. However,
when caregivers followed the second set of guidelines, which
allowed more flexibility in adjusting formula amounts, infants
were able to maintain a healthier weight [37].

The early responsive parenting (RP) intervention study,
which focused on feeding, infant soothing, and sleeping, also
found that the RP group had 6% fewer overweight infants
(weight for length > 95th percentile) compared to the control
group during the first year of life [38]. On the other hand,
the mathematical model estimated that formula-fed infants
with an 11% higher daily energy intake would reach the 75th
percentile of weight-for-age at 6 months, starting from the
50th percentile at birth, with a higher level of adiposity [39].
Taken together, formula-fed infants could benefit from more
accurate instructions for dispensing formula milk.

Stratified formula milk recommendations could also offer
a valuable approach for future implementation through digi-
tal tools or as detailed guidelines on formula milk packaging
to address the limitations of the existing guidelines. From
a practical standpoint, it may be challenging for parents or
caregivers to determine the actual weight of infants particu-
larly for small-scale weight categories to classify them into
the respective weight category and receive the recommended
volume of formula milk. However, anticipating the rapid
growth of digital applications for tracking nutrition and
health, future innovative tools will likely simplify weight
reporting for infants. Consequently, this advancement will
provide the opportunity to implement more precise formula
milk recommendations tailored to smaller, medium, and
larger infants, rather than relying solely on generic recom-
mendations based on medium-sized infants.

We should acknowledge that our study had certain limi-
tations. The comparison between the theoretical and actual
formula milk intakes was implemented only for 0—4 months
of life due to the lower available data for the formula milk
intakes after the 4 months from 13 clinical studies. In addi-
tion, we had a low number of exclusive formula-fed infants
at birth (0-2 weeks) from clinical studies. The low number
could potentially be caused due to the fact that women were
still breastfeeding in the first days or weeks after birth. How-
ever, a second and probably main driver of this low number
is that most of the intervention studies allowed the infants to
be enrolled beyond 14 days of age, even up to 28, 35, or even
56 days of age, resulting in a lack of available data. Another
related limitation was that our current recommendation is only
for infants growing between the 10th and 90th percentiles.
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However, we acknowledge that there can be situations, such
as very small or very large infants, or cases of faltering growth
or catch-up growth that require tailored energy and dietary
intakes from a pediatrician as well. Finally, the data in the
current study were analyzed cross-sectionally. Considering
the importance of monitoring longitudinal growth patterns in
early life and their impact on limiting excessive weight gain
during infancy and early childhood, collecting data on actual
formula milk intake and growth outcomes for the same infant
population over time could provide comprehensive insights.

Conclusion

Our study revealed that based on both theoretical calculation
and actual pooled clinical studies, the estimated required
formula milk intakes between smaller and larger infants
growing between the 10th and 90th percentile of weight
for age growth charts are substantially different. Therefore,
given the critical nature of nutrition in early life, formula-fed
infants, especially those who are not growing on the 50th
percentiles, could benefit from introducing more precise and
detailed daily formula milk recommendations that increase
the accuracy of formula milk dispensing and daily caloric
density from bottles. This could optimally meet the person-
alized growth and nutritional requirements of infants and
avoid excessive (or suboptimal) energy intakes.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00431-024-05726-w.
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