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Objective: The aim of this study was to compare the ratio between energy expenditure and caloric density in
human donor milk versus formula milk in preterm newborn infants.

Methods: This was a crossover, randomized clinical trial with 29 preterm newborn infants receiving full diet.
The infants were randomly assigned to receive either human milk or formula milk alternating, after a 24-h
period. Energy expenditure was evaluated by indirect calorimetry. Total calorie and macronutrient values in

Key Word?' the human milk were calculated individually with infrared technique; energy expenditure/caloric density
Preterm infant .
. ratio was calculated.
Feeding . . . . . . .
Human milk Results: Human donor milk energy expenditure/caloric density ratio was significantly greater than in formula

milk at all time points. The total mean was 1.04 + 0.27 for the human milk and 0.81 + 0.11 for the formula.
However, when we analyzed a subgroup of newborns that received human donor milk with >60 kcal/
100 mL, there was no statistical difference (P = 0.36). The mean calorie values were 58.9 kcal/100 mL (human
donor milk) and 81.4 kcal/100 mL (formula milk).

Conclusion: Formula milk produced better metabolic response than human donor milk. Human donor milk
with higher caloric content showed no difference than formula, so the use of human donor milk with more

Energy expenditure

caloric density should be reinforced.

© 2019 Elsevier Inc. All rights reserved.

Introduction

Postnatal growth restriction has become a growing research
and management issue in most neonatal units. Very-low-birth-
weight (VLBW) newborns show less-than-expected growth rates,
which leads to extrauterine growth restriction. Although there are
intrinsic risk factors linked to prematurity, nutritional manage-
ment by neonatal intensive care unit (NICU) teams has played a
decisive role in the prevalence of malnutrition [1—4].

A meta-analysis was published, including nine randomized clin-
ical trials (RCTs), comparing the effect of formula versus human
donor milk on the growth of preterm or low birthweight new-
borns; the infants fed the formula showed a higher short-term
growth rate and a greater risk for developing necrotizing enteroco-
litis [5]. The point is that defining what is “normal” and or “opti-
mal” growth and adequate nutrition remains a goal because in
many cases health outcomes are defined in part by our practices,
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including early nutrition [6,7]. Another important issue still not
resolved is the repercussion of the energy expenditure in newborn
infants in weight gain. Many factors inherent to prematurity could
influence the energy expenditure, including the type of milk [8,9].
Thus, the knowledge of the resting energy expenditure (REE)
related to the type of milk received is important for determining
and discussing the nutritional needs of preterm newborns [7,10].

However, very few studies have evaluated the influence of the
type of milk on energy expenditure in newborns, and only one
such study was an RCT comparing a pool of human milk and pre-
term formula [9,11].

The objective of the present study was to determine individual-
ized ratio of energy expenditure/caloric density in newborns fed
with fortified human donor milk versus formula.

Method

A randomized, controlled, blinded, crossover clinical trial was performed in
which the newborns served as their own controls. Randomization was conducted
with a table of computer-generated random numbers that referred to the type of
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milk with which the study began. Only researches that carried out the evaluation
of the results were blinded.

The eligibility criteria for the study was as follows: Newborns admitted to the
NICU at Instituto Fernandes Figueira, Fiocruz, Rio de Janeiro, Brazil (a referral hos-
pital for prematurity and the headquarter of the Brazilian Network of Human Milk
Banks), birthweight <1500 g, gestational age <34 wk, and absence of congenital
malformations or laboratory-confirmed congenital infections.

For inclusion in the study, the newborns needed to be in ambient air, receive
nasogastric feeding with a daily fluid intake rate >120 mL/kg, and be able to toler-
ate the entire diet well. Newborns were included if they received pasteurized
human donor milk or formula between 21 and 28 d of life. For ethical reasons,
because maternal breast milk is the best food for preterm infants, the study did
not include newborns who were exclusively fed by maternal breastfeeding.

The study excluded newborns who presented bronchopulmonary dysplasia
(oxygen therapy for >28 d) or signs and symptoms of sepsis at the time of the calori-
metric evaluation because these pathologies could increase energy expenditure [12].

In this crossover clinical trial, the intervention was the 24-h supply of each
type of milk: Human donor milk fortified with FM 85 (Nestlé, Nunspeet, The Neth-
erlands) or formula milk, changing the type of milk after 24 h; measurements of
energy expenditure were performed after the 24 h supply of each type of milk. The
milk used in this study was the one available at the moment of the study in institu-
tional human milk bank, mimicking the real conditions in the nursery.

The principal outcome was the ratio of REE to caloric density of the types of
milk in both groups (daily energy expenditure in kcal/kg divided by the calorie
value measured in the milk in kcal/100 mL). The ratio was chosen to adjust the
energy expenditure to the caloric density of the donor human milk or formula, as
was performed in Lubeztky study [9].

A sample size of 29 VLBW newborns was chosen based on the results obtained
by Lubeztky et al. [9] considering a mean difference of 5 kcal-kg-d~" in the energy
expenditure of human milk versus formula and an SD of 8 kcal-kg-d~?, with a sig-
nificance level of 95% and a power of 80%.

Energy expenditure was measured by indirect calorimetry (IC) using the Delta-
trac Il Metabolic Monitor (Datex-Ohmeda, Helsinki, Finland) which uses the open-
circuit principle, allowing continuous measurement of oxygen consumption and
carbon dioxide production using a continuous flow generator. The energy produc-
tion of the individual is calculated from the energetic equivalents of the oxygen
consumed and the carbon dioxide produced using Weir's equation [10]. The
machine is validated to premature infants [13].

The energy expenditure was performed after each period of 24-h supply of
each type milk, in the same volume, that is, they received 24 h of one type of milk,
performed the IC test and then received another 24 h of the other type of milk and
reheated the test at the following time points: 30 min before the administration of
the feeding, 30 min during the feeding by continue infusion, and 30 min after the
feeding, totaling six measures per newborn. These time points were chosen based
on the study of Moreira et al., which showed no differences between the results
after 20 min and after 2 h [14]. After this study, the newborns returned to the indi-
vidualized feeding routine.

The newborns were kept in the incubator during the assessment, in the ther-
mal neutral zone specific for each gestational age following the Thermoneutral
Zone Curves [15], using a canopy around the face. They were not provided with
clothing or accessories, such as booties, gloves, or caps, and were assessed in a
sleeping or drowsy state.

Body movements were observed before and during IC according to the scale
proposed by Thureen et al. [16]. The measurements were interrupted whenever
the infants cried or showed signs of intense activity.

To evaluate the fortified human milk ingested by the newborn, at the moment
of the examination, one 9-mL sample was taken from the total milk supplied for
24 h for qualitative analysis of its protein, fat, lactose, and total calorie content,
which was measured with spectrophotometry using infrared analysis (Milko-Scan
Minor 104, Foss, Denmark), previously calibrated for human milk measurements
using Kjeldahl method for protein, Chloramine-T for lactose, and Gerber for fat
[17]. The fortification occurred before being analyzed.

The formula milk used in this study was Pré-Nan/Nestlé (Nunspeet, The
Netherlands), which contained 81.4 kcal/100 mL. The human milk was fortified on
the theoretical assumption that the milk originally contained 67 kcal/100 mL and that
the fortifier would add 17 kcal/100 mL, resulting in 84 kcal/100 mL.

The data were entered into a databank, which was created and analyzed with
SPSS version 20 (IBM, Armonk, NY. USA). A matched t test was used to analyze the
results, and statistical significance was set at P < 0.05.

The project was approved by the Institutional Review Board of the Instituto
Fernandes Figueira and informed consent was obtained from the parents or guard-
ians. The study was registered at www.clinicaltrials.gov.

Results

The potentially eligible group consisted of 49 VLBW newborn
infants without congenital malformations. Of these, 12 presented

with bronchopulmonary dysplasia, 2 had sepsis, 4 were in mater-
nal breastfeeding, and the parents of 2 infants refused to authorize
participation in the study. Thus, 29 newborns were included and
randomized in the study, as shown in the CONSORT 2010 flowchart
(Fig. 1). There were no losses or exclusions during follow-up.

Among the 29 newborns included, 19 were adequate in terms
of gestational age, and 10 were small for gestational age. The
majority of the newborns were girls (n=20). The mean gesta-
tional age at birth was 30 + 2 wk and mean birthweight was
1193 £ 213 ¢g.

REE and carbon dioxide output were significantly higher before
and after the formula milk diet. Oxygen utilization was signifi-
cantly higher at all three time periods in the formula diet. The
respiratory quotient (RQ), which is related to the type of substrate
used, did not differ significantly between the two types of milk
(Table 1).

We observed that the calorie and protein levels in the fortified
donor milk were significantly lower than expected in the study
design. Fat was the ingredient in the fortified human milk that
showed the largest difference compared with formula; fat was 27%
lower in the fortified human donor milk (Table 2).

The ratio of energy expenditure to caloric density offered to the
newborns in all diets, before, during, and after the feedings was
higher with human donor milk than with formula (Table 3).

However, when we analyzed a subgroup of the sample of new-
borns who received human donor milk with >60 kcal/100 mL
(n=13), we found no statistical difference between the types of
milk (P=0.36). The ratio of energy expenditure to caloric density
was 0.85 for human milk and 0.81 for formula.

We didn’t find any adverse events in our study. In fact, we
found lower than expected rates of protein and calorie in the
offered human donor milk.

Discussion

The neonatal period is a critical time for programming physio-
logic activities, and nutritional inadequacies can have short- and
long-term implications [18]. In the present study, postnatal daily
weight gain was far below the target level of 15 g/kg, suggesting
that nutritional management should be more aggressive [19,20].

When we analyzed the fortified human donor milk, the calorie
and protein levels were far below expected, which probably
affected the growth of the infants. Therefore, some authors sug-
gested the need for more individualized fortification to favor
improved weight gain [21,22]. Sullivan et al. [23] proposed a
human milk fortification method using a human milk—based forti-
fier, but it was not available in our country.

The present study assessed the relationship between the type of
diet offered to VLBW newborns and their REE adjusted by the calo-
rie level of the milk. The ratio of energy expenditure to caloric den-
sity of fortified human donor milk was significantly higher than
that of formula (1.04 versus 0.81). In other words, 100% of the calo-
rie content of fortified human milk was used for REE, with none of
the ingested energy left over for other expenditures (i.e., growth,
physical activity, thermal regulation, losses), meaning that the
body uses its reserves and compromises the infant’s nutritional sta-
tus. In relation to the ingestion of formula, the mean energy expen-
diture adjusted for caloric density (0.81) indicated that 81% of the
calories was used for REE, with 19% remaining for other necessary
expenditures.

Lubetzky et al. [9] conducted the first clinical trial comparing
milk type with energy expenditure and found that the adjusted
energy expenditure of formula milk was significantly higher than
that of breast milk. This difference may be because of the different
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Fig. 1. CONSORT 2010 flowchart.

Table 1
Daily REE (kcal/kg), VCO, (mL/kg), VO, (mL/kg), and RQ in preterm newborns
before, during, and after feeding with fortified human donor milk and formula milk

Fortified human donor milk Formula milk P-value
REE
Before feeding 59.9 +10.2 64.2 + 8.1 0.02
During feeding 60.1 + 10.6 634+73 0.08
After feeding 63 +9.6 69.4+83 0.02
VCO,
Before feeding 71+1 76+1 0.01
During feeding 69+1.1 73+09 0.07
After feeding 74+1.1 81+1.1 0.01
V02
Before feeding 87+14 95+14 0.005
During feeding 88+1.5 94+1.1 0.04
After feeding 92+13 10.1+13 0.00
RQ
Before feeding 0.83 £+ 0.05 0.82 £ 0.04 043
During feeding 0.79 + 0.04 0.79 +0.04 0.70
After feeding 0.82 + 0.04 0.82 + 0.05 0.85

REE, resting energy expenditure; RQ, respiratory quotient; VCO,, carbon dioxide
production volume; VO,, oxygen consumption volume.

Table 2
Macronutrients in fortified human milk and formula ingested by newborns
Fortified human Formula P-value
milk Media + SD
Carbohydrate (g/100 mL) 8.72+2.13 8.6 0.76
Protein (g/100 mL) 1.94 +0.97 23 0.05
Fat (g/100 mL) 1.81+0.85 4.2 <0.01
Total calories (kcal/100 mL 589 +11.16 81.4 <0.01

Table 3

Daily resting energy expenditure (kcal/kg/d) adjusted for calories ingested individu-
ally by preterm newborns (calorie density) before, during, and after feeding with
fortified human donor milk and formula milk

Time Fortified human donor milk Formula milk P-value
Before feeding 1.00 + 0.28 0.82 +£0.13 0.04
During feeding 1.01 £ 0.30 0.80 £0.12 0.02
After feeding 1.05+0.29 0.88 +0.14 0.009

values attributed to the types of milk used (breast milk, with 73
kcal/100 mL versus formula milk, with 67 kcal/100 mL). These
authors used the mother’s own milk and assigned a single calorie
value to all of the milk samples. The present study used formula,
which had higher calorie content compared with the fortified
donor human milk (81.4 versus 58.9 kcal/100 mL).

Interestingly, when we analyzed the subgroup of newborns in
the present study who received fortified human donor milk with
>60 kcal/100 mL (n=13), no statistical difference was found
between the type of milk and adjusted energy expenditure, indi-
cating that fortified milk with a higher calorie/protein content can
influence metabolic expenditure. In these findings, we observed
better utilization of the human milk, with an adjusted calorie den-
sity of 0.85, demonstrating that when calorie content of human
milk is increased, adjusted energy expenditure decreases, and
therefore, ~15% of the ingested calories can be used for expendi-
tures other than the REE.

The present study had some limitations. Although the fortified
human donor milk offered had lower calorie density than we
expected, we had a small number of babies who received better
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calorie density. However, as we compared the babies, we could see
that this greater calorie density in human donor milk could modify
the results. For clinical purposes, samples of human donor milk
with greater calorie density should be used in the NICU.

Conclusions

In the present study, formula produced better metabolic
response than human donor milk. However, when human milk
had higher calorie content, this difference disappeared, which rein-
forces the use of fortified human donor milk and emphasizes the
need to find more calorie- and protein-rich human donor milk.
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