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Abstract: The aim of this study was to observe after following a routine change in the feeding
protocol whether the earlier introduction of nutrient supplements improved nutritional outcomes in
moderately preterm to late preterm low birth weight (LBW) babies. In this prospective observational
study, LBW babies between 31 and 39 weeks’ gestation admitted to a Special Care Nursery were
assigned to two groups (F80, n = 45, F160, n = 42) upon commencing nutrient supplement at total fluid
intake achievement of 80 or 160 mL/kg/day. Outcomes included weight, protein intake, biochemical
markers, feeding intolerance, and length of stay (LOS). F80 nutrient supplements commenced
before F160 (2.8 vs. 6.7 days, p < 0.0001) and lasted longer (15.2 vs. 12.2 days, p < 0.03). Weight
gain velocity and LOS were similar. F80 mean protein intake during the first 10 days was higher
(3.38 vs. 2.74 g/kg/day, p < 0.0001). There were fewer infants with protein intake <3 g/kg/day
in the F80 group (8% vs. 65%, p < 0001). F80 babies regained birthweight almost two days earlier
(7.5 vs. 9.4 days, p < 0.01). Weight gain Z-scores revealed an attenuation of the trend towards lower
weight percentiles in the F80 group. Feeding intolerance was decreased for F80 (24.4% vs. 47.6%,
p < 0.03). There were no adverse outcomes. Earlier nutrient supplementation for LBW babies lifts
mean protein intake to above 3 g/kg/day and reduces both the duration of post-birth weight loss
and incidence of feeding intolerance.

Keywords: moderately preterm; late preterm; human milk fortification;, LBW; blood urea; EBM;
preterm formula; SCN; SCBU

1. Introduction

In the Special Care Nursery (SCN), the feeding and nutrition of the moderate preterm
(32 to 34 weeks’ gestation) to late preterm (34 to 36 weeks’ gestation) low birth weight (LBW) babies
are key objectives. While more research has been directed toward the nutritional needs of extremely
and very low birth infants (ELBW and VLBW) in the setting of the neonatal intensive care unit (NICU),
there has been relatively less research on the nutritional needs of moderate to late preterm infants.

Although late preterm infants may be regarded by parents, caregivers, and health care
professionals as being developmentally mature and at low risk of morbidity, this is often not the
case [1]. Compared to full term infants, late preterm infants with poor feeding are seven times
more likely to have delayed home discharge [2] and almost twice as likely to be readmitted for
dehydration [3]. Although stabilization of suck and suck-swallow rhythms generally mature before
36 weeks’ gestation, coordination of respiration and swallow starts to improve later [4], which clearly
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has implications for the development of mature feeding. The establishment of breastfeeding in the
late preterm infant compared to the full-term infant is often problematic due to immaturity and
difficulties with latching, sucking, and swallowing [5]. Assessing feeding adequacy requires careful
attention via a cue-based approach with an expressed breast milk (EBM) fortifier and preterm formula
of potential benefit especially in those babies who are growth retarded and with gestation ages around
34 to 35 weeks [6].

In our SCN, babies are admitted from around 31 weeks and can have birth weights as low as
1200 g. Up until late 2014, we had a protocol of not commencing fortification of expressed breast milk
(EBM) or preterm formula until full enteral feeds of 160 mL/kg/day had been achieved. However,
there has been a shift towards commencing fortifier or preterm formula earlier in SCN and NICU
feeding protocols in Australia with commencement at enteral feed achievement of 80 mL/kg/day or
100 mL/kg/day being more common [7]. As studies have shown that earlier nutrient supplementation
is well tolerated [8], we made a clinical decision to also introduce earlier supplementation commencing
in October 2014.

We were interested in assessing whether this earlier introduction of protein and mineral
supplements would have any measurable outcome for our moderately preterm and late preterm
nursery population. Consequently, we decided before the full introduction of earlier supplements to
run a prospective observational study:.

2. Materials and Methods

2.1. Overview

This study followed moderately preterm and late preterm LBW neonates during SCN admission
between October 2014 and May 2016 at The Northern Hospital (TNH) in Epping, which is an outer
suburb of Melbourne, Australia.

The catchment area for TNH is a lower-socioeconomic, multicultural, multi-ethnic community
with a high rate of primary care health concerns such as obesity and admissions to our SCN reflect
heterogeneous social and demographic factors. This presents a challenge when carrying out basic
observational research in determining a representative sample reflecting community demographics.
In this study, we used a simple random sampling technique that has been demonstrated to reliably
reflect the community population [9] in observational studies. It should be emphasized that this is an
observational study. No placebo or active comparator was involved [10]. Both protocols were identical
in terms of the material provision of nutrient supplement and were run in parallel. To determine an
appropriate sample size, we assumed that the weight gain velocity and LOS may be similiar, but earlier
nutrient supplements may improve the regaining of post birth weight. Power calculation indicated a
sample size of 35 in each group to detect an improvement of 2 days in the time to regain birthweight
(alpha = 0.05, with a power of 80%).

2.2. Participation

Parents were informed of the study and gave written consent. Participants were allocated to
respective groups by the joining sequence: i.e., infants achieving total fluid intake of 80 mL/kg/day
(F80, n = 45) and infants achieving total fluid of 160 mL/kg/day (F160, n = 42). Inclusion criteria
were: birthweight less than 2500 g, gestational age 31 weeks to term, and admission before tolerating a
total enteral fluid intake of less than 80 mL/kg/day. Infants with gastrointestinal malformations or
recognized chromosomal abnormalities were excluded. Babies were followed until SCN discharge.
Ethics approval was provided through the Northern Health Human Research Ethics Committee
in 2014.
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2.3. Outcomes and Feeding Intolerance

Primary outcomes were considered to be: protein intake, days to regain birthweight, the rate of
feeding intolerance and the incidence of Necrotizing Enterocolitis (NEC). NEC is identified in our
nursery by systemic, intestinal, and radiological signs with disease severity based on Bell Staging
criteria [11].

Secondary outcomes included weight gain velocity, length of stay (LOS), neonatal complications,
and presumed or diagnosed sepsis. Infants were reviewed daily by medical staff for feeding intolerance,
NEC, and sepsis. Feeding intolerance was defined by frequent large volume vomits with abdominal
distension. Sepsis was presumed if there were systemic symptoms such as respiratory distress,
fever, lethargy, and increased inflammatory markers such as C-reactive protein levels and full blood
examination. Small for gestational age (SGA) was defined as weight being below the 10th percentile
for gestational age using Fenton growth charts throughout the study.

2.4. Feeding Protocol

Healthy babies commenced feeding from day 1 at an enteral volume of 60 mL/kg and increased
by 20 mL/kg daily as tolerated.

Human milk fortifier (FM85, Nestle, Vevey, Switzerland) was introduced into expressed breast
milk (EBM) or preterm formula was commenced if EBM was not available (Pre-nan, Nestle, Vevey,
Switzerland) or 526 low birth weight Formula (Aspen Nutritionals Pty Ltd., Clayville, South Africa) at
respective total fluid intakes. FM85 was given at the recommended concentration of 1 g per 20 mL
of EBM, which provided 1 g protein per 100 mL. Preterm formula provided a protein content of
2.9 g/100 mL. Fortification or preterm formula was given to all babies up to a weight of 2000 g.
Thereafter, cessation was at the discretion of the neonatal consultant and, based on such issues as
appropriate weight gaining, extent of feeding intolerance and SGA.

2.5. Data Collection and Calculation Assumptions

Weight was measured every third day by using scales accurate to 1 g. Weight measurements were
single only and not replicated and averaged. Z-scores were calculated for birth weight, lowest weight
post birth, weight at 10 days, and discharge weight using the 2013 Fenton growth charts [12]. Head
circumference and length were measured by on duty nursing staff as routinely required, but this data
was excluded from analysis as unreliable due to inconsistency.

Standard biochemical and hematological tests were performed at day 7 and 21 of life and included
hemoglobin, reticulocyte count, alkaline phosphatase (ALP), blood urea, and creatinine. Since this was
an observational study, from time to time, routine requests for blood tests were either not initiated by
error or an insufficient sample was collected, which resulted in laboratory test data not being available
for all study participants. Techniques for measuring milk protein levels analytically were not available
to us, so protein content was calculated based on two factors: EBM and gestation age using published
data [9]. For example, EBM at a gestational age of 33 weeks provided protein content of 2.2 g/100 mL
and EBM at a gestational age of 34 weeks 2.1 g/100 mL [13]. Each day the total milk requirement of a
baby was calculated. The volume of consumed breastfed breast milk was estimated to be the same as
the unconsumed volume of EBM or preterm formula left over from the daily calculated input. During
the study period, the predominant method of feeding was EBM via the feeding tube.

Since we were not using analytical techniques to measure milk protein levels and were relying
on published data, we thought it prudent to use another methodology to help validate the protein
calculations. We did this through routine urea tests done on study participants as a normal practice in
our SCN. In the presence of normal renal function, blood urea reflects protein intake [14]. Normal renal
function in the newborn is achieved by 21 days [15]. However, day 7 blood urea levels can be corrected.
We used the method of Moro et al. [16]: day 7 blood urea levels were corrected by multiplying the
observed day 7 blood urea level by the averaged cohort day 21 creatinine level modified by a ratio to the
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observed day 7 creatinine level. Averaged blood creatinine in our study at 21 days was 33 pmol /L. With
regard to relating blood urea levels to protein intake levels, we used the findings of Polberger et al. [17].
They followed infants who had been born between 26 and 32 weeks but waited, on average, 19 days
until they had achieved equivalent gestational ages between 32 to 36 weeks. The study period was
28 days. Protein enrichment was commenced at an enteral volume of 170 mL/kg/day. They found a
high correlation between blood urea levels and protein intake. We have adopted their finding that, for
protein intake less than 3 g/kg/day, blood urea levels were always less than 1.6 mmol/1. Even though
their equivalent gestational ages of 32 to 36 were similar to our study, their study did not report the
actual weight of infants during their study period.
Being enrolled for 10 days in the study was considered a minimum for data analysis.

2.6. Statistical Methods

Groups were compared using t-tests for continuous variables and chi-square or exact tests for
categorical variables. A two-sided significance level was set at p < 0.05. Data was tested for normality
by using skewness and kurtosis and found to be acceptable. NCSS statistical software (NCSS Statistical
Software, Kaysville, UT, USA) was used.

3. Results

3.1. Study Population and Demographic Characteristics

A total of 115 babies were enrolled in the study. However, 28 babies were not included for data
analysis since they did not complete the first consecutive 10 days of the study. The F80 group had
45 participants and the F160 group had 42 participants.

For the total cohort, the infant gestational age ranged from 31 to 39 weeks and birth weight ranged
from 1380 g to 2496 g. Both groups were comparable in relation to infant birth weight, discharge
weight, gestational age, sex, mode of delivery, intrauterine growth restriction, and the frequency of
maternal gestational diabetes mellitus. See Table 1.

Table 1. Comparative demographics.

F80 (n = 45) F160 (n = 42) p Value
Birth Weight (g) + sd 2028 =+ 235 2032 £ 297 0.95
Birth Weight Z-score + sd —0.737 £ 091 —0.578 £0.97 0.43
Birth Gestation (weeks) + sd 344 +21 342+1.6 0.74
Discharge Weight (g) &+ sd 2312 £ 255 2300 £ 263 0.83
SGA 19 (42%) 11 (26%) 0.12
Males 26 (52%) 20 (48%) 0.34
Maternal GDM 9 (20%) 13 (31%) 0.24
Caesarean Birth 29 (64%) 18 (43%) 0.07

Mean and percentage data. Student’s t-test for birth weight & gestation. x? for all other categories. sd, standard
deviation, SGA, Small for gestational age (defined as below 10th percentile for weight at gestational age), GDM,
Gestational diabetes mellitus. Z-score: derived from Fenton growth charts for preterm infants.

3.2. Anthropometric Findings

The F80 group regained birthweight almost two days earlier. Weight gain as measured by a
change in the Z-score from birth showed that a significantly lower decrease in weight percentiles
occurred for the F80 group. Otherwise, there was no significant difference in maximum weight loss
following birth, weight gain velocity, or LOS. See Table 2.
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Table 2. Anthropometric findings.

F80 (n = 45) F160 (n = 42) p Value

Maximum Weight Loss (g) & sd 108 £+ 69 124 + 59 0.95
Weight Loss as % Birth Weight 5.3% 6.1%

Weight Loss A Z-score + sd —0.531 +0.28 —0.639 £+ 0.25 0.08

Days to Regain Birth Weight + sd 75+32 94428 <0.01

Weight Gain Velocity (g/kg/day) 73+55 70+42 0.76

Weight Gain: A Z-Score at 10 Days + sd —0.661 £ 0.18 —0.762 £ 0.22 0.03

Weight Gain: A Z-Score at Discharge + sd —0.620 £+ 0.27 —0.765 £+ 0.23 0.02

Mean and percentage data. Student’s t-test for all categories. sd, standard deviation. Z-score: derived from Fenton
growth charts for preterm infants. n = 38 for F80 and n = 37 for F160 Z-score data (1 reduced due to missing data
points). A Z-score: Change in Z-score from birth.

3.3. Nutrition and Feeding Outcomes

See Table 3. All babies received some standard formula or preterm formula as a top up. Almost
all babies received human milk (92% overall). 80.5% of babies were breast fed at some stage. Of those
breastfed, there were six breast feeding episodes on average per LOS with 19% of babies having 10
or more breast feeds per LOS. A total of 70% of breast feeding episodes were of a volume less than
50 mL. F80 babies commenced nutritional supplements earlier and for a longer duration. Over the
first 10 days, the F80 group received increased protein intake and there were significantly fewer babies
failing to receive 3 g/kg/day. Additionally, the variance of the distribution of protein intake was
significantly less over the first 10 days. This finding is explored further in Figure 1. Over the full LOS,
this increase in protein intake was maintained. However, over the full LOS, there was no difference in
the frequency of protein intake <3 g/kg/day. Figure 1 illustrates the protein intake for both F80 and
F160 groups over the first 10 days and over the full LOS.

Table 3. Nutrition and feeding outcomes.

F80 F160 p Value
TP Intake daily 1st 10 days (g/kg/day) & sd 3.38 £ 0.26 2.74 +0.53 <0.0001 *
TP Intake daily 1st 10 days—Variance 0.07 0.28 <0.0001 **
TP Intake daily 1st 10 days <3 g/day 8% 65% <0.0001 ***
TP Intake daily per LOS (g/kg/day) £ sd 3.69 +0.46 3.44 4+ 0.52 0.0245 *
TP Intake daily per LOS—Variance 0.21 0.27 0.2280 **
TP Intake daily per LOS <3 g/day 11% 17% 0.6629 ***
Fortifier commencement day =+ sd 2.8+0.8 6.7 +18 <0.0001 *
Length of fortification (days) + sd 152+ 6.1 122+ 6.5 0.0273 *
Number babies fed fortified EBM 42 (93%) 38 (91%) 0.9242 ***
F80 days to reach 160 mL/kg + sd 6.8+1.2 6.7+ 1.8 0.8288 *

TP, total protein, mean values. Sd, standard deviation. TP Intake 1st 10 days—n = 38 for F80, n = 37 for F160.
(n reduced due to missing data points). Fortifier Commencement day—day post birth at which fortifier or preterm
formula was commenced. F80 day to reach 160 mL/kg—the number of days the F80 group took to reach 160 mL/kg
milk intake. LOS, hospital length of stay—n = 45 for F80, n = 42 for F160. Number babies fed fortified EBM—these
babies all had some standard or preterm formula top up. n = 45 for F80. n = 42 for F160. * Student’s t-test, unpaired
data, mean values. ** F-test—two-sample for variances. *** x? test.
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Figure 1. Box plot of protein intake for the F80 and F160 groups during the first 10 days of feeding
and for the F80 and F160 groups over the full LOS. Daily protein intake for the first 10 days—Median
(F80: 3.89, F160: 2.85). Daily protein intake for the first 10 days—IQR (F80: 0.33, F160: 0.55). Protein
Intake daily per full LOS—Median (F80: 3.76, F160: 3.45). Protein Intake daily per full LOS—IQR
(F80: 0.30; F160: 0.75), LOS, length of stay. 1st, first. IQR, inter quartile range.

3.4. Blood Urea as a Marker of Protein Intake Adequacy

At seven days of life, there was no mean difference in blood urea levels between the two groups,
but, when using a cut off level of 1.6 mmol/L, markedly fewer babies in the F80 group had estimated
protein intake levels less than 3 g/kg/day (See Table 4 and Figure 2).

Table 4. Blood urea as a marker of protein intake adequacy.

F80 F160 p Value
Urea 1st week (raw data) + sd 41+15 36+19 0.2087 *
Urea 1st week (corrected) + sd 3.6£20 3.15+2.0 0.3642 *
Urea (corrected) 1st week <1.6 9.7% 31.3% 0.0344 **

Urea, blood urea in mmol/L. sd, standard deviation. 1st week data: n = 33 for F80, n = 35 for F160. Urea (corrected)
= Urea (raw data) x 33/blood creatinine (raw data). Urea levels <1.6 mmol/L correspond to enteral protein intake
<3 g/kg/day. * Student’s t-test, unpaired data, mean values. ** X2 test.
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Figure 2. Frequency of infants with protein intake <3 g/kg/day calculated versus estimated via blood
urea measurement. x test for probability.

3.5. Clinical Outcomes

Feeding intolerance in the F80 group was significantly less. There were no differences in the
frequencies of presumed sepsis, hypoglycaemia, the phototherapy requirement, and the blood ALP
levels. There was no occurrence of NEC in any of the study subjects. See Table 5.

Table 5. Frequency of Clinical Outcomes.

F80 (n = 45) F160 (n = 42) p Value
I}Ziiﬁ;’fei’llﬁfﬁcge 11 (24.4%) 20 (47.6%) 0.0276 *
0, 0, *

phototherapy 12 (26.7%) 18 (42.9%) 0.1124
Presumed sepsis 17 (40.0%) 17 (40.5%) 0.9639 *
Hypoglycaemia 3 (6.7%) 4 (9.5%) 0.6244 *

NEC 0 0 1.0

ALP at 7 days =+ sd 256.7 £ 86.9 229.4 £ 80.5 0.1659 **

NEC—necrotizing enterocolitis. ALP—alkaline phosphatase. sd = standard deviation. * 2 test. ** Student’s t-test,
unpaired data, mean values. Hypoglycemia defined as plasma glucose <2.6 mmol/L.

4. Discussion

The simple expedient of commencing routine nutrient supplementation earlier resulted in a
number of benefits. As thought possible, the earlier introduction of the nutrient supplement was
associated with an almost two day earlier regaining of birthweight. Earlier supplementation was
also associated with improved protein intake. This improvement was marked in the first 10 days,
but also lasted the length of the SCN stay. During the first 10 days, the number of babies in the
early supplementation group receiving less than 3 g/kg/day of protein was significantly decreased.
Although growth as assessed by weight gain velocity was not different, Z-score analysis showed that
earlier supplementation significantly mitigated the extent of post birth weight percentile reduction at
both 10 days and at discharge. Surprisingly, an earlier nutrient supplement was associated with a 50%
improvement in feeding intolerance.

A key component of both human milk fortifier and preterm formula is protein. However,
compared to VLBW and ELBW babies, there has been relatively less research on the protein needs of
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the moderate and late preterm infant. Theoretically, protein intake should be important. Consider
a theoretical example. A baby born at the 50th percentile at 34 weeks’ gestation has a birthweight
of approximately 2000 g and has a projected normal term birthweight of approximately 3200 g [18].
Assuming two weeks to regain a healthy birthweight, a growth rate of around 15 g/kg/day has been
calculated to parallel fetal growth rates culminating in 3000 g bodyweight at 40 weeks post menstrual
age [19], which is a process requiring adequate protein intake. Additionally, protein intake also helps
minimize weight loss due to energy requirements immediately after birth. Up until late gestation,
while glucose metabolism is important, the fetus has a low ability to metabolize fat. Instead, oxidation
of amino acids provides significant energy [20]. Consequently, the earlier provision of protein/amino
acids soon after birth is important in maintaining energy and minimizing protein store degradation [20].
Even in babies born at term, the irreversible loss of protein during fasting has been estimated at 0.87
g/kg/day [21].

For moderately preterm infants, enteral protein intake necessary to achieve fetal rates of growth
have been quoted at 3.6 g/kg/day for 1500 g to 1800 g infants and 3.4 g/kg/day for 1800 g to 2200 g
infants [22]. Our study (Table 3) showed that, during the first 10 days, F80 mean protein intake was
consistent with achieving such targets. Importantly, in our study, only 8% of the F80 group had
calculated protein intake less than 3 g/kg/day compared with 65% of the F160 group. This finding
was corroborated by the blood urea results, which also showed the F80 group to have a majority of
protein intake above 3 g/kg/day at day 7 (see Table 4 and Figure 2).

Commencement of fortifier or preterm formula at an enteral volume of 80 mL/kg/day altered
the dynamics of the distribution of protein intake (Figure 1). Babies in the F80 group experienced a
much tighter distribution than those in the F160 group within the first 10 days and throughout the
course of the hospital stay. This observation is supported by the highly significant difference in the
variance of the two groups (Table 3). Stated another way, comparatively more babies in the F80 group
received higher and consistent protein intake, which indicated an earlier and long-lasting toleration of
protein. This contributed to the F80 group in regaining birthweight earlier (Table 2) and is a possible
part explanation for the improved feeding intolerance (Table 5). With regard to the earlier regaining of
birthweight in the F80 group, obvious factors that may have been an influence can be discounted. First,
the mean birthweight of both groups was almost identical (2028 g vs. 2032 g). There was no evidence
of transient tachypnoea of the newborn and no babies in the study received IV fluids. Supporting
the changed dynamics of protein intake and the improvement in the rates of protein intake above
3 g/kg/day are the Z-score findings for weight, which showed a significant mitigation in the F80
group of the trend toward lower weight percentiles at both 10 days and at discharge.

Feeding intolerance is the inability to digest enteral feedings. It is associated with symptoms such
as increased gastric residuals and abdominal distension. It often leads to the disruption of an infant’s
feeding plan and presents a challenge to the clinician in providing adequate nutrition. Additionally,
there is the potential that its occurrence may signal the onset of necrotizing enterocolitis NEC [23].
In this context, the almost 50% reduction in feeding intolerance observed in this study is an important
finding. The reason for this beneficial reduction in feeding intolerance associated with earlier nutrient
supplementation is not clear even though some recent studies’ findings allow speculation and provide
a possible future research direction. Feeding intolerance relates to a disorganized premature intestinal
tract and a multiplicity of factors such as swallowing reflex, lactase enzyme activity, an immature
motility pattern, and the establishment of intestinal flora, which have a key role in gut barrier function
and the immune response [24]. In relation to intestinal flora, it has been shown that late preterm infants
have a significantly different microbiome than full term infants [25] and that there is a growing body of
evidence that intestinal bacteria may have a causative role in NEC [26]. Micronutrients in nutritional
supplements have a role to play in both physiological intestinal maturation and in the developing
intestinal microbiota. For example, zinc has been shown to have trophic effects on intestinal mucosa,
modulates intestinal permeability, and zinc deficiency has implications for NEC [27]. Additionally,
animal studies such as in the neonatal piglet, have shown that dietary zinc level can have an inhibitory
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effect on some intestinal flora species and is capable of influencing the composition of the intestinal
microbiota [28]. Could it be that the earlier introduction of micronutrients in our study occurred at a
threshold point in the complex, multifactorial developing intestine, which promotes a level of intestinal
stability that diminishes if introduction is delayed by a few days?

There was no statistical difference in LOS between the study groups (Table 2). This observation
is unsurprising since LOS was determined by the requirement for discharge that weight achieved
should be 2300 g or more and that post menstrual age should be at least 36 weeks. Despite the positive
nutritionally-related benefits observed in the F80 group, the F80 group did not achieve full enteral
feeds earlier than the F160 group. This result is also unsurprising since the feeding regime was identical
for both groups and required 20 mL/kg/day grade up in milk volumes. Additionally, although the
F160 group had a higher incidence of feeding intolerance, feeding tolerance mainly manifested after
full enteral feeds were achieved.

This study showed that earlier nutrient supplementation boosted protein intake, reduced feeding
intolerance, and was associated with an improvement in weight growth curves. The question then
arises as to whether these short-term improvements are likely to have positive longer-term benefits.
Brain development could be one such possibility. During the final six to eight weeks of gestation,
brain size increases by more than a third. There is also a five-fold increase in white matter volume
from 35 weeks’ gestation and significant development of white matter microstructural integrity [29,30].
The importance of dietary protein has been demonstrated in a study on preterm infants with white
matter injury (WMI), which showed that a high energy and protein diet during the first year after
birth resulted in a significant improvement in head growth, weight gain, and corticospinal tract axonal
diameters [31]. Even though WMI such as periventricular leukomalacia more commonly occurs in very
premature infants, it also occurs in the moderate or late preterm infant [29] and is linked to cognitive
deficits later in life [32]. WMI is associated with inflammation and ischemia, which suggests that
nutritional supplements may have a role in reducing systemic infections and associated inflammatory
responses promoting a reduction in WMI and improved brain development [33].

The results of this study and discussion of possible future directions and implications highlights
the need for many further studies into the nutritional requirements of moderate-preterm to late-preterm
infants and medium to long term outcomes. While some studies have already examined longer term
aspects in such preterm infants such as the prevalence of hypertension and diabetes [34,35], there is
still much left to research. A proposal for one such study was recently announced [36], which aims to
assess the effects of feeding strategies for moderate to late preterm infants on body composition, feed
tolerance, and neurodevelopmental outcome.

The major limitation in this study was the use of published figures to estimate protein levels of
expressed breast milk and the subtractive method of estimating the volume of breast feedings.

5. Conclusions

Commencing human milk fortifier or preterm formula at half enteral feed volumes
(80 mL/kg/day) resulted in a number of benefits for the moderate to late preterm baby. Protein
intake was lifted and consistently consumed both in the short term and for an infant’s LOS to levels
that have been recognized as adequate for growth. Additionally, there was a reduction both in the
time taken to regain birth weight, an improvement in growth curves, and, importantly, a reduction in
feeding intolerance. There were no negative clinical outcomes.

Author Contributions: Conceptualization, W.Q.F.; Methodology, W.Q.F.,, A.G. and O.C.; Validation, W.Q.F.,, A.G.
and O.C.; Formal Analysis, W.Q.F.,, A.G. and O.C.; Investigation, W.Q.F., A.G. and O.C.; Date Curation, W.Q.F,, A.G.
and O.C.; Writing-Original Draft Preparation, A.G. and W.Q.F.; Writing-Review & Editing, W.Q.F.; Supervision,
W.Q.F,; Project Administration, W.Q.E, O.C. and A.G.

Funding: This research received no external funding.

Acknowledgments: Thanks to the families who were willing to participate in this study. Many thanks to SCN
nursing and medical staff for helping to recruit participants.



Nutrients 2018, 10, 1340 10 of 11

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Engle, W.A.; Tomashek, K.M.; Wallman, C. Committee on Fetus and Newborn, American Academy of
Pediatrics. “Late-preterm” infants: A population at risk. Pediatrics 2007, 120, 1390-1401. [CrossRef]
[PubMed]

Wang, M.L.; Dorer, D.J.; Fleming, M.P.; Catlin, E.A. Clinical outcomes of near-term infants. Pediatrics 2004,
114, 372-376. [CrossRef] [PubMed]

Escobar, G.J.; Gonzales, V.M.; Armstrong, M.A.; Folck, B.E; Xiong, B.; Newman, T.B. Rehospitalization for
neonatal dehydration: A nested case-control study. Arch. Pediatr. Adolesc. Med. 2002, 156, 155-161. [CrossRef]
[PubMed]

Gewolb, LH.; Vice, FL. Maturational changes in the rhythms, patterning, and coordination of respiration and
swallow during feeding in preterm and term infants. Dev. Med. Child Neurol. 2006, 48, 589-594. [CrossRef]
[PubMed]

Adamkin, D.H. Feeding problems in the late preterm infant. Clin. Perinatol. 2006, 33, 831-837. [CrossRef]
[PubMed]

Whyte, R.K. Canadian Paediatric Society, Fetus and Newborn Committee. Safe discharge of the late preterm
infant. Paediatr. Child Health 2010, 15, 655-660. [CrossRef] [PubMed]

Canberra Hospital and Health Services, Clinical Guideline, Neonatal Nutrition Guide. Available online:
http:/ /health.act.gov.au/research-data-and-publications/policy-and-plans-0 (accessed on 7 July 2018).
Thoene, M.; Hanson, C.; Lyden, E.; Dugick, L.; Ruybal, L.; Anderson-Berry, A. Comparison of the Effect of
Two Human Milk Fortifiers on Clinical Outcomes in Premature Infants. Nutrients 2014, 6, 261-275. [CrossRef]
[PubMed]

Valley, M.A; Heard, K.J.; Ginde, A.A.; Lezotte, D.C.; Lowenstein, S.R. Observational studies of patients in
the emergency department: A comparison of 4 sampling methods. Ann. Emerg. Med. 2012, 60, 139-145.
[CrossRef] [PubMed]

Yang, W.; Zilov, A.; Soewondo, P.; Bech, O.M.; Sekkal, F; Home, P.D. Observational studies: Going beyond
the boundaries of randomized controlled trials. Diabetes Res. Clin. Pract. 2010, 88, S3-S9. [CrossRef]
Gregory, K.E.; Deforge, C.E.; Natale, KM.; Phillips, M.; Van Marter, L.J. Necrotizing enterocolitis in
the premature infant: Neonatal nursing assessment, disease pathogenesis, and clinical presentation.
Adv. Neonatal Care 2011, 11, 155-164. [CrossRef] [PubMed]

Fenton, T.R.; Kim, J.H. A systematic review and meta-analysis to revise the Fenton growth chart for preterm
infants. BMC Pediatr. 2013, 13, 59. [CrossRef] [PubMed]

Bauer, J.; Gerss, ]. Longitudinal analysis of macronutrients and minerals in human milk produced by mothers
of preterm infants. Clin. Nutr. 2011, 30, 215-220. [CrossRef] [PubMed]

Arslanoglu, S.; Moro, G.E.; Ziegler, E.E. Adjustable fortification of human milk fed to preterm infants: Does
it make a difference? J. Perinatol. 2006, 26, 614-621. [CrossRef] [PubMed]

Bueva, A.; Guignard, ].P. Renal Function in Preterm Neonates. Pediatr. Res. 1994, 36, 572-577. [CrossRef]
[PubMed]

Moro, G.E.; Minoli, I.; Ostrom, M.; Jacobs, ].R. Fortification of human milk: Evaluation of a novel fortification
scheme and of a new fortifier. J. Pediatr. Gastroenterol. Nutr. 1995, 20, 162-172. [CrossRef] [PubMed]
Polberger, S.K.; Axelsson, I.E.; Rdihd, N.C. Urinary and serum urea as indicators of protein metabolism in
very low birthweight infants fed varying human milk protein intakes. Acta Paediatr. Scand. 1990, 79, 737-742.
[CrossRef] [PubMed]

Villar, J.; Giuliani, F.; Bhutta, Z.A.; Bertino, E.; Ohuma, E.O. Postnatal growth standards for preterm infants:
The Preterm Postnatal Follow-up Study of the INTERGROWTH-21(st) Project. Lancet Glob. Health 2015, 3,
e681-e691. [CrossRef]

Cooke, R.J. Improving growth in preterm infants during initial hospital stay: Principles into practice.
Arch. Dis. Child Fetal Neonatal Ed. 2016, 101, F366-F370. [CrossRef] [PubMed]

Thureen, P.; Heird, W.C. Protein and energy requirements of the preterm/low birthweight (LBW) infant.
Pediatr. Res. 2005, 57, 95R-98R. [CrossRef] [PubMed]


http://dx.doi.org/10.1542/peds.2007-2952
http://www.ncbi.nlm.nih.gov/pubmed/18055691
http://dx.doi.org/10.1542/peds.114.2.372
http://www.ncbi.nlm.nih.gov/pubmed/15286219
http://dx.doi.org/10.1001/archpedi.156.2.155
http://www.ncbi.nlm.nih.gov/pubmed/11814377
http://dx.doi.org/10.1017/S001216220600123X
http://www.ncbi.nlm.nih.gov/pubmed/16780629
http://dx.doi.org/10.1016/j.clp.2006.09.003
http://www.ncbi.nlm.nih.gov/pubmed/17148007
http://dx.doi.org/10.1093/pch/15.10.655
http://www.ncbi.nlm.nih.gov/pubmed/22131865
http://health.act.gov.au/research-data-and-publications/policy-and-plans-0
http://dx.doi.org/10.3390/nu6010261
http://www.ncbi.nlm.nih.gov/pubmed/24394538
http://dx.doi.org/10.1016/j.annemergmed.2012.01.016
http://www.ncbi.nlm.nih.gov/pubmed/22401950
http://dx.doi.org/10.1016/S0168-8227(10)70002-4
http://dx.doi.org/10.1097/ANC.0b013e31821baaf4
http://www.ncbi.nlm.nih.gov/pubmed/21730907
http://dx.doi.org/10.1186/1471-2431-13-59
http://www.ncbi.nlm.nih.gov/pubmed/23601190
http://dx.doi.org/10.1016/j.clnu.2010.08.003
http://www.ncbi.nlm.nih.gov/pubmed/20801561
http://dx.doi.org/10.1038/sj.jp.7211571
http://www.ncbi.nlm.nih.gov/pubmed/16885989
http://dx.doi.org/10.1203/00006450-199411000-00005
http://www.ncbi.nlm.nih.gov/pubmed/7877873
http://dx.doi.org/10.1097/00005176-199502000-00005
http://www.ncbi.nlm.nih.gov/pubmed/7714681
http://dx.doi.org/10.1111/j.1651-2227.1990.tb11548.x
http://www.ncbi.nlm.nih.gov/pubmed/2239266
http://dx.doi.org/10.1016/S2214-109X(15)00163-1
http://dx.doi.org/10.1136/archdischild-2015-310097
http://www.ncbi.nlm.nih.gov/pubmed/26867763
http://dx.doi.org/10.1203/01.PDR.0000160434.69916.34
http://www.ncbi.nlm.nih.gov/pubmed/15817496

Nutrients 2018, 10, 1340 11 of 11

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Kalhan, S.C. Rates of urea synthesis in the human newborn: Effect of maternal diabetes and small size for
gestational age. Pediatr. Res. 1993, 34, 801-804. [CrossRef] [PubMed]

Zeigler, E.E. Meeting the Nutritional Needs of the Low-Birth-Weight Infant. Ann. Nutr. Metab. 2011, 58, 8-18.
[CrossRef] [PubMed]

Fanaro, S. Feeding intolerance in the preterm infant. Early Hum. Dev. 2013, 89, S13-520. [CrossRef] [PubMed]
Indrio, F; Riezzo, G.; Cavallo, L.; Di Mauro, A.; Francavilla, R. Physiological basis of food intolerance in
VLBW. J. Matern. Fetal Neonatal Med. 2011, 24, 64—66. [CrossRef] [PubMed]

Forsgren, M.; Isolauri, E.; Salminen, S.; Rautava, S. Late preterm birth has direct and indirect effects on
infant gut microbiota development during the first six months of life. Acta Paediatr. 2017, 106, 1103-1109.
[CrossRef] [PubMed]

Warner, B.B.; Tarr, P1. Necrotizing enterocolitis and preterm infant gut bacteria. Semin. Fetal Neonatal Med.
2016, 21, 394-399. [CrossRef] [PubMed]

Terrin, G.; Canani, B.C.; Di Chiara, M.; Pietravalle, A.; Aleandri, V.; Conte, F.; De Curtis, M. Zinc in Early
Life: A Key Element in the Fetus and Preterm Neonate. Nutrients 2015, 7, 10427-10446. [CrossRef] [PubMed]
Starke, 1.C.; Pieper, R.; Neumann, K.; Zentek, ].; Vahjen, W. The impact of high dietary zinc oxide on
the development of the intestinal microbiota in weaned piglets. FEMS Microbiol. Ecol. 2014, 87, 416—427.
[CrossRef] [PubMed]

Sahni, R.; Polin, R.A. Physiologic underpinnings for clinical problems in moderately preterm and late
preterm infants. Clin. Perinatol. 2013, 40, 645-663. [CrossRef] [PubMed]

Ou, X.; Glasier, C.M.; Ramakrishnaiah, R.H.; Kanfi, A.; Rowell, A.C.; Pivik, R.T.; Andres, A.; Cleves, M.A.;
Badger, T.M. Gestational Age at Birth and Brain White Matter Development in Term-Born Infants and
Children. AJNR Am. ]. Neuroradiol. 2017, 38, 2373-2379. [CrossRef] [PubMed]

Dabydeen, L.; Thomas, J.E.; Aston, T.].; Hartley, H.; Sinha, S.K.; Eyre, J.A. Highenergy and -protein diet
increases brain and corticospinal tract growth in term and preterm infants after perinatal brain injury.
Pediatrics 2008, 121, 148-156. [CrossRef] [PubMed]

Allin, M.P; Kontis, D.; Walshe, M.; Wyatt, J.; Barker, G.J.; Kanaan, R.A.; McGuire, P; Rifkin, L.; Murray, RM.;
Nosarti, C. White matter and cognition in adults who were born preterm. PLoS ONE 2011, 6, e24525.
[CrossRef] [PubMed]

Keunen, K.; van Elburg, R.M.; van Bel, F.; Benders, M.]. Impact of nutrition on brain development and its
neuroprotective implications following preterm birth. Pediatr. Res. 2015, 77, 148-155. [CrossRef] [PubMed]
Crump, C.; Winkleby, M.A_; Sundquist, K.; Sundquist, J. Risk of hypertension among young adults who were
born preterm: A Swedish national study of 636,000 births. Am. |. Epidemiol. 2011, 173, 797-803. [CrossRef]
[PubMed]

Crump, C.; Winkleby, M.A.; Sundquist, K.; Sundquist, . Risk of diabetes among young adults born preterm
in Sweden. Diabetes Care 2011, 34, 1109-1113. [CrossRef] [PubMed]

Bloomfield, FH.; Harding, J.E.; Meyer, M.P,; Alsweiler, ].M.; Jiang, Y.; Wall, C.R.; Alexander, T.; DIAMOND
Study Group. The DIAMOND trial—DlIfferent Approaches to MOderate & late preterm Nutrition:
Determinants of feed tolerance, body composition and development: Protocol of a randomised trial. BMC
Pediatr. 2018, 7, 220. [CrossRef]

@ © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1203/00006450-199312000-00021
http://www.ncbi.nlm.nih.gov/pubmed/8108197
http://dx.doi.org/10.1159/000323381
http://www.ncbi.nlm.nih.gov/pubmed/21701163
http://dx.doi.org/10.1016/j.earlhumdev.2013.07.013
http://www.ncbi.nlm.nih.gov/pubmed/23962482
http://dx.doi.org/10.3109/14767058.2011.607583
http://www.ncbi.nlm.nih.gov/pubmed/21942596
http://dx.doi.org/10.1111/apa.13837
http://www.ncbi.nlm.nih.gov/pubmed/28316118
http://dx.doi.org/10.1016/j.siny.2016.06.001
http://www.ncbi.nlm.nih.gov/pubmed/27343151
http://dx.doi.org/10.3390/nu7125542
http://www.ncbi.nlm.nih.gov/pubmed/26690476
http://dx.doi.org/10.1111/1574-6941.12233
http://www.ncbi.nlm.nih.gov/pubmed/24118028
http://dx.doi.org/10.1016/j.clp.2013.07.012
http://www.ncbi.nlm.nih.gov/pubmed/24182953
http://dx.doi.org/10.3174/ajnr.A5408
http://www.ncbi.nlm.nih.gov/pubmed/29025726
http://dx.doi.org/10.1542/peds.2007-1267
http://www.ncbi.nlm.nih.gov/pubmed/18166569
http://dx.doi.org/10.1371/journal.pone.0024525
http://www.ncbi.nlm.nih.gov/pubmed/22022357
http://dx.doi.org/10.1038/pr.2014.171
http://www.ncbi.nlm.nih.gov/pubmed/25314585
http://dx.doi.org/10.1093/aje/kwq440
http://www.ncbi.nlm.nih.gov/pubmed/21320866
http://dx.doi.org/10.2337/dc10-2108
http://www.ncbi.nlm.nih.gov/pubmed/21411504
http://dx.doi.org/10.1186/s12887-018-1195-7
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Overview 
	Participation 
	Outcomes and Feeding Intolerance 
	Feeding Protocol 
	Data Collection and Calculation Assumptions 
	Statistical Methods 

	Results 
	Study Population and Demographic Characteristics 
	Anthropometric Findings 
	Nutrition and Feeding Outcomes 
	Blood Urea as a Marker of Protein Intake Adequacy 
	Clinical Outcomes 

	Discussion 
	Conclusions 
	References

