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Abstract: This study aimed to evaluate jaundice outcomes of low-birthweight premature infants
commenced on earlier versus later nutrient supplementation (80 mL/kg/day vs. 160 mL/kg/day;
total fluid intake, F80 vs. F160). Demographics, feeding regimens, and clinical outcomes data were
collected. Infant and maternal characteristics were similar. Earlier nutrient supplementation was
associated with multiple improved jaundice outcomes: total (TSBR), unconjugated and conjugated
(CSBR) serum bilirubin values (196 ± 46 vs. 228 ± 52, 184 ± 44 vs. 212 ± 50, 12 ± 4 vs. 16 ± 5,
respectively, all p < 0.001); phototherapy (39% vs. 64%, p < 0.0001). % CSBR/TSBR ratio was similar
between groups. For those on phototherapy, duration and median irradiance were similar. F80 infants
experienced reduced: feeding intolerance (26.0% vs. 45.2%, p = 0.007); length of stay (16.0 ± 0.64 vs.
18.8 ± 0.74 days, p = 0.03), maximum weight loss as % birth weight (5% vs. 6%, p = 0.03); decrease in
weight Z-score at 10 days (−0.70 ± 0.03 vs. −0.79 ± 0.03, p = 0.01). F80 infants regained birthweight
earlier (10.0 ± 0.3 days vs. 11.5 ± 0.3 days, p < 0.0001) and had no differences in adverse clinical
outcomes. We speculate that earlier nutrient supplementation improved jaundice outcomes due to
enhanced excretion/elimination of bilirubin.
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1. Introduction

The basic etiology of neonatal hyperbilirubinemia is well understood. Neonatal jaundice results
from an imbalance between bilirubin production soon after birth and elimination. Factors include:
bilirubin formation from the breakdown of heme present in normal red blood cells; conjugation in the
liver with glucuronic acid to form a water-soluble form; excretion in the bile [1]; some hydrolysis of
bilirubin glucuronide in the small intestine with resultant reabsorption of bilirubin; final removal via
faeces [2].

What is not so well understood, despite decades of research, are the influences contributing
to hyperbilirubinemia—which, in the neonate, is a multifactorial process, associated with both
biochemical and physiological immaturity. In the near term to term infant, risk factors for developing
severe unconjugated hyperbilirubinemia include: haemolytic disease; gestational age 35–36 weeks;
cephalohematoma; exclusive breastfeeding, particularly if nursing is problematic and weight loss
significant; East Asian race; macrosomic infants of a diabetic mothers; male gender [3]. On the other
hand, a decreased risk of significant jaundice has been associated with: gestational age of 41 weeks;
discharge from hospital after 72 h; exclusive bottle feeding [3].

An interrelationship between enteral feeding, the timing of feeds, nutrition and neonatal jaundice
has long been recognised. In the 1960s, when 48 h fasting of newborn infants was common, studies
showed that babies fed glucose in part saline or water at 4 h of life developed significantly less
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jaundice than fasting babies [4,5]. During the 1980s, it was noted that breastfed babies developed
more jaundice than formula-fed babies [6,7]. An important factor in this finding is that breastmilk
is rich in in β-glucuronidase, which, in the intestine, decouples glucuronic acid from conjugated
bilirubin and allows bilirubin to be reabsorbed by the enterohepatic circulation [8]. At the turn of
the century, further investigations revealed that a formula’s composition was a factor—infants on
casein-hydrolysate formula developed less jaundice than those fed standard formula, which in turn
was associated with less jaundice than breastfed babies [8]. The key role of the intestine in feeding
was shown by a prospective randomised study where infants on parental nutrition developed less
jaundice if they also had early hypocaloric enteral feeds [9]. In the near term to term infant, early or
later parenteral nutrition has no effect on jaundice outcomes—indicating that the timing of nutrition is
only a factor with enteral feeding [10].

In our Special Care Nursery (SCN), we manage mostly moderate (32 to 34 weeks’ gestation) to
late (34 to 36 weeks’ gestation), low birthweight preterm infants. Previously, we commenced the
fortification of expressed breast milk (EBM) or preterm formula at a full enteral feed achievement of
160 mL/kg/day, before moving to a protocol of earlier fortification/preterm formula at 80 mL/kg/day.
In a prospective, observational study, we investigated the nutritional requirements of moderate
and late preterm infants—an area which has been little researched [11]. We reviewed the available
evidence on appropriate protein intake levels and showed that a daily protein intake of above 3 g/kg,
an essential level to maintain fetal growth rates, could be provided soon after birth via the fortification
of breast milk (delivering 1 g of protein per 100 mL of milk)—if commenced at an enteral volume of
80 mL/kg/day. This earlier protein boost was associated with other benefits such as decreasing the
duration of post-birth weight loss and the incidence of feeding intolerance.

During the study, we found evidence to suggest a benefit of earlier nutrient supplementation at
80 mL/kg/day on jaundice outcomes—however, due to small sample size, our results did not achieve
significance [11].

The aim of this study is to explore the link between an earlier commencement of fortification of
enteral feeds and the evaluation of a possible improvement in jaundice outcomes. We hoped to achieve
this by retrospectively examining the records of a sufficiently large cohort of infants during the period
when the earlier protocol of commencing fortification at 160 mL/kg/day was in place, with a similar
sized cohort following the protocol change that commenced fortification at 80 mL/kg/day.

2. Materials and Methods

2.1. Population Overview

This study’s participants were moderately preterm and late preterm LBW neonates admitted to
the SCN between January 2012 to December 2018 at The Northern Hospital (TNH) in Epping, an outer
suburb of Melbourne, Australia.

The catchment area for TNH is a lower-socioeconomic, multicultural, multi-ethnic community
with associated concerns such as obesity.

2.2. Participation

We performed a retrospective chart review. Assignment into F80 or F160 groups was done
on the basis of chronology. Before 2016, our feeding protocol introduced breastmilk fortification
once full enteral feeds had been achieved (160 mL/kg/day). Following this date, we changed our
protocol to commence fortification at 80 mL/kg/day. No other changes were made to the protocol.
Otherwise, the management of F80 and F160 infants was identical.

Inclusion criteria were: birthweight less than 2500 g; gestational age 31 weeks to late preterm;
tolerating a total enteral fluid intake of less than 80 mL/kg/day. Infants with gastrointestinal
malformations or recognized chromosomal abnormalities were excluded. Infants who did not
strictly fit into the commencement criteria of 80 or 160 mL/kg/day enteral fluid intake were also
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excluded. Ethics approval was provided through the Northern Health Human Research Ethics
Committee. (ALR No: ALR 52.2018).

2.3. Data Collection

Maternal baseline data collected include age, gravity and para, region of birth based on United
Nations country grouping, and primary language spoken at home. Maternal clinical data collected
include antenatal complications such as gestational diabetes, preeclampsia, and Group B Streptococcus
screening result.

Baseline data collected on neonates include gestational age, sex, reason for prematurity, mode of
delivery, 5-min APGAR score, and birthweight. Data on feeding regimens collected included: day of
life at first enteral feed; total fluid intake at first enteral feed; total fluid intake at commencement
of enteral supplementation; day of life at commencement of enteral supplementation. F80 neonates
were defined as those that were commenced on human milk fortifier (or preterm formula if EBM was
unavailable) at total fluid intake of 80 mL/kg/day, while F160 were defined as those that commenced
on human milk fortifier (or preterm formula) at total fluid intake of 160 mL/kg/day.

2.4. Outcomes

The primary outcome was related to hyperbilirubinemia and included: need for phototherapy;
maximum number of phototherapy lights required; highest recorded bilirubin value; number of days
that phototherapy was required. Anthropometric outcomes included maximum weight loss, days to
regain birth weight, and discharge weight. Z-scores were calculated for birthweight, lowest weight post
birth and discharge weight using the 2013 Fenton growth charts [12]. Adverse clinical outcomes were
presumed sepsis, hypoglycaemia, respiratory distress syndrome, seizures, necrotising enterocolitis and
intraventricular haemorrhage. Feeding intolerance was present if neonates had frequently large volume
vomits or large gastric residuals with clinical abdominal distention, if neonates required cessation of
enteral feeds, and if there was radiological evidence of abdominal distention. 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 appropriate Fenton
growth charts. Length of stay was defined as number of days admitted to the SCN.

The use of 2013 Fenton growth charts in this study requires an explanation. Fenton growth charts
are based on intrauterine data as opposed to birthweight data used for the more recently developed
and internationally widely accepted Intergrowth-21st growth charts. The issue of which type of
growth chart is most appropriate has become controversial. While for extremely low birth weight
infants, Intergrowth 21st Project growth standards have been shown to be superior to Fenton Growth
Charts [13], the picture for moderate to late term infants is not so clear. A recent study, where more
than 50% of infants were between 34 and 36 weeks of gestation, showed that for the 2-week period
immediately following birth, Fenton growth charts were superior to Intergrowth 21st [14]. Of particular
concern is that Intergrowth-21st charts underestimate the rate of SGA compared to Fenton charts,
which is of relevance in a lower socioeconomic community such as is the case with our study [15].
In our own state of Victoria, a recent statewide survey of 28000 births concluded that “intrauterine
charts appear to be the most sensitive in the detection of SGA infants at increased risk of adverse
perinatal outcomes” [16]. On evaluation, we opted to remain with the 2013 Fenton growth charts
as we are currently using these on a day to day basis in our SCN and our previously published
study [11] used 2013 Fenton growth charts—thus allowing a valid comparison of results with this
study. Clearly, any future study will need to evaluate the increasing acceptance and benefits of the
Intergrowth 21st charts.
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2.5. Feeding Protocol

Due to a policy of actively promoting and supporting breastfeeding, the majority of premature
babies in our SCN are fed breastmilk. All study infants commenced feeding from day 1 at an enteral
volume of 60 mL/kg and increased by 20 mL/kg daily as tolerated. The fortification/supplementation
regime was standard and straightforward. Human milk fortifier (FM85, Nestle, Vevey, Switzerland)
was introduced into expressed breastmilk (EBM) or preterm formula was commenced if EBM was not
available (Pre-nan, Nestle, Vevey, Switzerland) or S26 low birth weight Formula (Aspen Nutritionals
Pty Ltd., Clayville, South Africa). FM85 was given at the recommended concentration of 1 g per 20 mL
of EBM which boosted the protein content of EBM by 1 g of protein per 100 mL. Preterm formula
provided a protein content of 2.9 g/100 mL. Prior to 2016, such fortification was commenced at an enteral
volume achievement of 160 mL/kg/day (F160 group). Post 2016, due to a policy change, fortification
was commenced once enteral volumes had reached 80 mL/kg/day (F80 group). Fortification or preterm
formula was given to all babies up to a weight of 2500 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 [11].

2.6. Data Analysis

Results were compared between F80 and F160 infants and differences in categorical variables were
assessed using the Chi-square test or Fisher’s exact test where appropriate. Normality for continuous
variables was assessed using the Shapiro-Wilk test, with p-value. Continuous variables were analysed
using the student’s t-test or the Mann—Whitney test where appropriate. A p value of <0.05 was
considered significant. Statistical analyses were performed using either SPSS (IBM Corp. Released
2017. IBM SPSS Statistics for Windows, Version 25.0. IBM Corp, Armonk, NY, USA) or NCSS 12
statistical programme (NCSS 12 Statistical Software (2018). NCSS, LLC. Kaysville, Utah, USA)

2.7. Sample Size Calculation

Assuming an 8% change (as indicated from the raw data of our previous study [11]) in the primary
outcomes for the F80 group when compared with the F160 group, an alpha of 0.5 and power of 80%,
a sample size of 93 was indicated in each group.

3. Results

3.1. Overall Characteristics

A total of 215 babies were included in this study, 105 in the F80 group and 110 the F160 group.
Infant gestational age ranged from 31 to 36 weeks. Between the F80 group and F160 group,

there were no significant differences in birth weight, birth weight Z-scores, APGAR score at 5 min,
reason for prematurity and mode of delivery (see Table 1).

Table 1. Infant baseline characteristics.

F80 (n = 105) F160 (n = 110) p Value

Gestational Age (weeks), mean ± sd. 34.6 ± 1.1 34.3 ± 1.1 0.107
Gender (male) 51 (49) 57 (52) 0.683

Birth weight (g), mean ± sd. 2134 ± 357 2076 ± 349 0.881
Birth weight (Z-score), mean ± sd. −0.58 ± 0.93 −0.55 ± 0.88 0.761

Days to start supplement, mean ± sd 2.6 ± 0.8 7.4 ± 1.7 <0.0001
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Table 1. Cont.

F80 (n = 105) F160 (n = 110) p Value

Reason for prematurity

PPROM 32 (30) 40 (36) 0.388
Preeclampsia 13 (12) 14 (13) 1

APH 6 (6) 9 (8) 0.595
SGA 29 (28) 19 (170) 0.074

Multiples 7 (7) 8 (7) 1
Non-reassuring CTG 15 (14) 11 (10) 0.405

Mode of delivery

Normal vaginal birth 41 (39) 45 (41) 0.889
Instrumental delivery 8 (8) 5 (5) 0.345

Elective caesarean 15 (14) 11 (10) 0.225
Emergency caesarean 41 (39) 48 (44) 0.293

n (%) unless otherwise stated. Student’s t-test for birth weight (Z-score) and gestational age. Mann–Whitney test for
birthweight (g). Chi-square test for categorical variables. PPROM; preterm premature rupture of membrane. APH;
antepartum hemorrhage. SGA; small for gestational age. CTG; cardiotocography. Z-score derived from Fenton
growth charts for preterm infants.

Maternal age ranged from 16 to 44 years of age. Approximately half the mothers were born in
Australia and New Zealand, with South Asia as the next largest place of maternal birth. English was the
predominant language spoken at home. There were no significant differences in maternal characteristics
between F80 and F160 groups (see Table 2).

Table 2. Maternal baseline characteristics.

F80 (n = 105) F160 (n = 110) p Value

Age (years), mean ± sd 29.6 ± 5.3 30.5 ± 5.5 0.237
Region of Birth 0.394

Australia or New Zealand 59 (56) 48 (44)
Middle East 9 (9) 12 (11)
South Asia 24 (23) 36 (33)

Others 11 (10) 12 (11)
Language 0.449

English 92 (88) 92 (84)
Arabic 9 (9) 7 (6)
Others 4 (4) 10 (9)

Antenatal Complications

Pre-eclampsia 18 (17) 20 (18) 0.722
GDM 30 (29) 30 (27) 0.664

GBS positive 6 (6) 3 (3) 0.510

n (%). Student’s t-test for maternal age, Chi-square test for region of birth, language and antenatal complications.
GDM; gestational diabetes. GBS; group B streptococcus.

3.2. Anthropometric Findings

The F80 group experienced less maximum weight loss as a percentage of birth weight compared
to the F160 group. Infants commenced on earlier enteral supplementation regained birth weight before
infants commenced on later enteral supplementation. Weight gain at 10 days as measured by change
in Z-score from birthweight showed a significantly lower decrease in weight percentiles for F80 infants
compared to F160 infants (see Table 3).
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Table 3. Anthropometric findings.

F80 (n = 105) F160 (n = 110) p Value

Maximum weight loss (g), mean ± sd 108 ± 8 118 ± 6 0.072
Maximum weight loss as % birth weight 5% 6% 0.034
Days to regain birth weight, mean ± sd 10.0 ± 0.3 11.5 ± 0.3 <0.0001

Weight gain: ∆ Z-score at 10 days, mean ± sd −0.70 ± 0.03 −0.79 ± 0.03 0.01
Weight gain: ∆ Z-score at discharge, mean ± sd −0.64 ± 0.03 −0.68 ± 0.04 0.14

Discharge weight (g), mean ± sd 2348 ± 293 2359 ± 273 0.785

Chi-square test for maximum weight loss as % birth weight. Student’s t-test for remaining variables. Z-score derived
from Fenton growth charts for preterm infants.

3.3. Jaundice Outcomes

Multiple positive jaundice outcomes were associated with earlier supplementation of fortified
breastmilk or preterm formula. For the F80 group compared with the F160 group, these outcomes
significantly included lower total serum bilirubin (TSBR), unconjugated bilirubin (USBR) and conjugated
bilirubin (CSBR): less infants below a phototherapy recommended cut off value for LBW infants at
36 weeks gestation of TSBR 250 µmol/L [17]; fewer infants requiring phototherapy and therefore
reduced irradiance as a cohort. For those on phototherapy, there were no differences between the
number of phototherapy days required for each group and the median dose of irradiation was the
same; see Figure 1 and Table 4.
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Figure 1. Proportion of infants requiring phototherapy and maximum value of TSBR (total serum
bilirubin) level ≥ 250 µmol/L. p < 0.0001 for both categories, Chi-square test for probability.
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Table 4. Jaundice Outcomes.

F80 (n = 105) F160 (n = 110) p Value

Phototherapy Extent
One Light 9 (9) 24 (22) 0.008
Two Lights 19 (18) 17 (15) 0.7153

Three Lights 13 (12) 29 (26) 0.0103
Median Dose (number of lights) 2 2

Maximum S. Bilrubin Value
TSBR (Mean ± sd); µmol/l 196 ± 46 228 ± 52 0.0003
USBR (Mean ± sd); µmol/l 184 ± 44 212 ± 50 0.0008
CSBR (Mean ± sd); µmol/l 12 ± 4 16 ± 5 <0.0001

% CSBR of TSBR (Mean ± sd) 6.2 ± 1.6 7.0 ± 2.8 0.0694
Days to Maximum TSBR 4.8 ± 1.8 5.1 ± 2.0 0.4298

n (%). Chi-square test for Phototherapy Extent. Student’s t-test for Bilirubin values. TSBR—total serum
bilirubin. USBR—unconjugated bilirubin CSBR—and conjugated bilirubin. There was no incidence of conjugated
hyperbilirubinemia (as defined by CSBR being at a level of more than 20% of TSBR) in either group.

3.4. Clinical Outcomes

Feeding intolerance was lower for the F80 group. Length of stay (LOS) was significantly shorter
for F80 infants than F160 infants. There were no differences in the frequencies of presumed sepsis,
hypoglycaemia and respiratory distress syndrome. There was no occurrence of NEC (see Table 5).

Table 5. Adverse clinical outcomes.

F80 (n = 105) F160 (n = 110) p Value

Feeding Intolerance 28 (26.0) 49(45.2) 0.007
Presumed Sepsis 41 (48) 67 (60) 0.693

RDS 16 (15) 27 (24) 0.882
Hypoglycaemia 27 (25) 30 (27) 0.818

NEC 0 (0) 0 (0) 1
LOS in SCN (days), mean ± sd 16.0 ± 0.6 18.8 ± 0.7 0.036

n (%). Chi-square test for all variables except LOS which was student’s t-test. NEC—necrotising enterocolitis.
LOS—Length of stay. RDS—Respiratory Distress Syndrome. SCN—Special Care Nursery. Hypoglycaemia defined
by plasma glucose < 2.6 mmol/L.

4. Discussion

As a consequence of changing our feeding protocol to an earlier commencement of fortification
(at 80 mL/kg/day rather than 160 mL/kg/day), infants began supplementation of their feeds almost
5 days earlier—on average before day 3. The key finding of our study is that earlier nutrient
supplementation of predominantly breastmilk fed babies (mainly by fortification) was associated with
multiple beneficial jaundice outcomes such as lower TSBR, USBR and CSBR and lower phototherapy
rates and consequently less exposure irradiation. As we have previously reported in some detail [11],
although the nutrition requirements of moderate and late preterm infants is not well understood,
earlier nutrition in the form of breastmilk fortification is well tolerated and not associated with any
negative outcomes.

It could be argued that these outcomes are not surprising when viewed against the changes to
infant feeding regimes that have occurred over the last half century. One reason for the abandonment
of the customary 48 h fasting of newborns in the 1960s was the realization that early hypocaloric
feeding, such as glucose, reduced hyperbilirubinemia [5]. This is true even in the case of predominantly
parenteral fed infants [9]. Early and frequent breastfeeds have shown to be even more effective in
reducing hyperbilirubemia [18]. The evidence is mounting as to why earlier nutrition has a positive
impact on neonatal jaundice.
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There is evidence to suggest that the expression of extrahepatic UDP-glucuronosyltransferase
1A1 (UGT1A1), may play such a role. UGT1A1 is solely responsible for bilirubin conjugation and
had been thought to be only present in the liver [19]. In the neonate, liver conjugation of bilirubin is
immature [20,21]. Recent evidence suggests that UGT1A1 is expressed in the intestine and contributes
to bilirubin metabolism and elimination [22]. The regulation of intestinal UGT1A1 is by food derived
nutrients—breastmilk contains substances that inhibit expression, whereas formula components
enhance expression [23]. Is it possible that the improved jaundice outcomes observed in the F80 group
resulted from enhanced conjugation of bilirubin due to the earlier exposure to fortifier components
that switch on UGT1A1 expression in the neonatal intestine?

At a basic level, neonatal jaundice can be thought of as an imbalance in the production
and elimination of bilirubin [1]. The production—conjugation ratio (the percentage of CSBR
to TSBR) has been shown to be useful in understanding the mechanism of hyperbilirubinemia.
The ratio is inversely proportional to TSBR levels indicating that a balance or equilibrium exists
between production and conjugation and can be used to compare the level of conjugation between
subjects [24]. Our study showed that following a feeding protocol change from nutrient supplementation
commencement at 160 mL/kg/day to 80 mL/kg/day, the approximately 5 days earlier commencement
of supplementation in the F80 group was associated with significantly lower TSBR, CSBR and USBR.
However, the CSBR/TSBR ratio was similar, with no significant difference suggesting that the effect of
earlier nutrient supplementation did not alter the production—conjugation dynamics. These results are
consistent with a hypothesis that liver conjugation via UGT1A1 has not been altered, but leaves open
the possibility that intestinal UGT1A1 expression has occurred. This is because enterocytes containing
UGT1A1 have the ability to re-conjugate intestinal sourced bilirubin that has been de-conjugated by
breastmilk derived β-glucuronidase [8] and excrete directly to the intestinal lumen, without re-entering
the enterohepatic circulation [25].

Oral glucose has been shown to be an effective inducer of intestinal UGT1A1 without affecting
liver UGT1A1 induction and has been suggested as a convenient way to treat neonatal jaundice while
continuing the benefits of breastfeeding [26]. The fortifier used in our SCN is Nestle FM-85 which has
the starch maltodextrin as the major carbohydrate [27]. Maltodextrins are converted to glucose in the
alimentary tract [28]. We therefore speculate that the earlier introduction of glucose via fortifier in the
F80 infants (approximately 5 days before the F160 group—see Table 1) has led to intestinal UGT1A1
induction, with enhanced intestinal excretion of CSBR due to localized re-conjugation of bilirubin
previously de-conjugated by the action of β-glucuronidase.

Zinc is another constituent of nutrient supplement that has been demonstrated to improve bilirubin
elimination. A recent randomized, double blind trial demonstrated that neonates between 31 and 36
weeks gestation requiring phototherapy, had significantly reduced jaundice within 48 h of receiving
oral zinc [29]. These findings followed previous animal studies which showed that zinc supplements
reduced TSBR [30]. Zinc has been shown to increase bowel movements and therefore bilirubin fecal
excretion, which in turn reduces the enterohepatic circulation of bilirubin [29]. We speculate that the
earlier supplementation of zinc from fortification may also have allowed to the F80 group to manage
bilirubin excretion more efficiently.

Another possible excretion mechanism for bilirubin is bacterial conversion. In adults, bilirubin
excreted into the intestinal lumen is very efficiently converted to urobilinogen in the faeces—a natural
detoxifying mechanism which aids elimination [31]. In our study, peak jaundice levels occurred
around day 4 to 5 after birth (Table 4). However, in healthy breastfed newborns, urobilinogens are
not even detected until day 5 and are at very low levels compared to faecal content at 6 weeks of
age [31]—suggesting that this mechanism is not likely to have played an important role in our study.
Fecal fat has also been flagged as a mechanism for bilirubin elimination. Breastfed neonates have
highly efficient reabsorption of faecal fat [32], which raises the possibility that nutrient supplement or
preterm formula fat may not be as efficiently reabsorbed, thus trapping fat soluble bilirubin with a
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consequential decrease in TSBR [33]. This has not been shown to be the case. In breastfed or formula
fed near term infants, no difference was found in fecal fat excretion rates or stool production [33].

Some recent studies have associated vitamin D deficiency in neonates with hyperbilirubinemia.
TSBR significantly declined in vitamin D treated infants on phototherapy compared to those on
phototherapy alone [34]. Neonates with out of physiological range TSBR have been shown to be
vitamin D deficient compared to controls [35]. Low maternal vitamin D levels have been associated
with these findings [36]. The mechanism behind this association is unknown, but it is speculated that
as both bilirubin and vitamin D are metabolized in the liver, there may be an interaction exacerbating
hyperbilirubinemia [35]. We do not think this a likely outcome in our study, as although nutrient
supplements contain vitamin D, mothers were on routine vitamin D supplements during pregnancy.

While the focus of this paper has been on the apparent benefits to jaundice outcomes due to
earlier nutrient supplementation resulting from a change in our feeding protocol that commenced
supplementation at 80 mL/kg/day rather than 160 mL/kg/day, there were other clear benefits. F80 infants
regained birth weight earlier, weight Z-scores were better at 10 days, the incidence of feeding intolerance
was less, and LOS was almost 3 days shorter with important cost saving implication for the hospital.
There was no difference in discharge weights between either group. This finding is consistent with
findings that while phototherapy itself may result in a temporary weight reduction, catch up growth
occurs with eventually no weight difference to infants not exposed to irradiation [37]. The reduction
in feeding intolerance with earlier nutrient supplementation, is similar to our earlier finding [11].
The reason for this beneficial reduction in the inability to digest enteral feedings is not clear, but may be
related to the earlier introduction of micronutrients coinciding with a threshold point in development
of the immature and disorganized preterm intestinal tract [11]. One such micronutrient may be zinc,
which has a trophic effect on intestinal mucosa, modulates intestinal permeability and has a role in
influencing intestinal microbiota composition [38,39].

A key limitation of this study is that being retrospective in nature, it has inferior evidence when
compared to a prospective study. The convenience sampling inherent in this type of retrospective study
may have led to selection bias. Of particular note is the concern of temporal relationships. This study
stretched over a 6-year period, yet only a total of 215 infants were included in the study. The reason for
this was the strict adherence to the criteria of only including infants commenced on fortification at 80
or 160 mL/kg/day—infants who commenced fortification at any other volume, eg 70 or 150 mL/kg/day
were excluded. While this strict selection criteria improved the reliability of outcomes (particularly
when compared to our previous prospective observational study [11]), it lengthened the period of the
study in order to acquire a sample size above the calculated 93 cases for each group. Consequently,
over this period, difficult to assess factors may have had some impact on the findings.

Another potential limitation, as discussed in Methods, is that this study used Fenton 2013
growth charts to classify infants as SGA and to determine weight Z-scores. While this allowed a
direct comparison with our previous study [11] and intrauterine based growth charts are still used
extensively in Australia, Intergrowth 21st charts are being used in many other parts of the world.
As a result, this may limit the applicability of some of this study’s data and suggests that any similar
future study should consider the use of Intergrowth 21st or equivalent birthweight-based growth
chart. However, we believe the study’s results have particular relevance because the study cohort
of moderately preterm and late preterm neonates, represents the great majority of preterm infants
hospitalised after birth.

5. Conclusions

Our study has shown that a feeding protocol change that commenced nutrient supplementation
at half enteral feed volumes (80 mL/kg/day) compared to full enteral feed volumes (160 mL/kg/day),
resulted in predominately breastmilk fed infants commencing supplementation around 5 days
earlier. This earlier supplementation was associated with significant clinically important benefits
in reducing neonatal jaundice such as lowered levels of hyperbilirubinemia and a reduction in the
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frequency and extent of phototherapy. There were also additional benefits such as improved growth
outcomes, reduced feeding intolerance and an almost 3-day reduction in LOS. We speculate that
the improved jaundice outcomes are not related to any change in the dynamics of bilirubin liver
production and conjugation, but due to mechanisms promoting more efficient elimination. The earlier
nutrient supplementation occurred well before peak jaundice occurred, allowing time for fortification
components to induce intestinal UGT1A1 (opposing the effects ofβ-glucuronidase) as well as promoting
bowel motions—thus enhancing bilirubin excretion and elimination and reducing the enterohepatic
recirculation of bilirubin.
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10. Makay, B.; Duman, N.; Ozer, E.; Kumral, A.; Yeşilirmak, D.; Ozkan, H. Randomized, controlled trial of
early intravenous nutrition for prevention of neonatal jaundice in term and near-term neonates. J. Pediatr.
Gastroenterol. Nutr. 2007, 44, 354–358. [CrossRef]

11. Fan, W.Q.; Gan, A.; Crane, O. Commencing Nutrient Supplements before Full Enteral Feed Volume
Achievement Is Beneficial for Moderately Preterm to Late Preterm Low Birth Weight Babies: A Prospective,
Observational Study. Nutrients 2018, 10, 1340. [CrossRef] [PubMed]

12. 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]

13. Mabhandi, T.; Ramdin, T.; Ballot, D.E. Growth of extremely low birth weight infants at a tertiary hospital in a
middle-income country. BMC Pediatr. 2019, 19, 231. [CrossRef] [PubMed]

14. Samarani, M.; Restom, G.; Mardini, J.; Abi Fares, G.; Hallit, S.; Fadous Khalife, M.C. Comparative study
between Fenton and intergrowth 21 charts in a sample of Lebanese premature babies. BMC Pediatr. 2020, 20,
74. [CrossRef] [PubMed]

15. Tenório, M.; Mello, C.; Santos, J.; Oliveira, A. Comparison of adequacy of birth weight for gestational
age according to different intrauterine growth curves. Rev. Bras. Saúde Matern. Infant. 2019, 19, 935–940.
[CrossRef]

http://dx.doi.org/10.1016/S1875-9572(10)60027-7
http://dx.doi.org/10.1258/acb.2008.008076
http://www.ncbi.nlm.nih.gov/pubmed/18753416
http://dx.doi.org/10.1542/peds.114.1.297
http://dx.doi.org/10.1016/S0140-6736(62)91573-8
http://dx.doi.org/10.1016/S0022-3476(66)80203-2
http://dx.doi.org/10.1097/00005176-198212000-00007
http://dx.doi.org/10.1007/BF02750820
http://dx.doi.org/10.1001/archpedi.153.2.184
http://dx.doi.org/10.1016/S0022-3476(88)80185-9
http://dx.doi.org/10.1097/MPG.0b013e31802b31f2
http://dx.doi.org/10.3390/nu10101340
http://www.ncbi.nlm.nih.gov/pubmed/30241325
http://dx.doi.org/10.1186/1471-2431-13-59
http://dx.doi.org/10.1186/s12887-019-1568-6
http://www.ncbi.nlm.nih.gov/pubmed/31296173
http://dx.doi.org/10.1186/s12887-020-1968-7
http://www.ncbi.nlm.nih.gov/pubmed/32066413
http://dx.doi.org/10.1590/1806-93042019000400011


Nutrients 2020, 12, 2116 11 of 12

16. Pritchard, N.L.; Hiscock, R.J.; Lockie, E.; Permezel, M.; McGauren, M.F.G.; Kennedy, A.L.; Green, B.;
Walker, S.P.; Lindquist, A.C. Identification of the optimal growth chartsfor use in a preterm population:
An Australian state-wide retrospective cohort study. PLoS Med. 2019, 16, e1002923. [CrossRef] [PubMed]

17. Maisels, M.J.; Watchko, J.F. Treatment of jaundice in low birthweight infants. Arch. Dis. Child. Fetal Neonatal
Ed. 2003, 88, F459–F463. [CrossRef]

18. De Carvalho, M.; Klaus, M.H.; Merkatz, R.B. Frequency of breast-feeding and serum bilirubin concentration.
Am. J. Dis. Child. 1982, 136, 737–738. [CrossRef]

19. Bosma, P.J.; Seppen, J.; Goldhoorn, B.; Bakker, C.; Oude Elferink, R.P.; Chowdhury, J.R.; Chowdhury, N.R.;
Jansen, P.L. Bilirubin UDP-glucuronosyltransferase 1 is the only relevant bilirubin glucuronidating isoform
in man. J. Biol. Chem. 1994, 269, 17960–17964.

20. Onishi, S.; Kawade, N.; Itoh, S.; Isobe, K.; Sugiyama, S. Postnatal development of uridine diphosphate
glucuronyltransferase activity towards bilirubin and 2-aminophenol in human liver. Biochem. J. 1979, 184,
705–707. [CrossRef]

21. Strassburg, C.P.; Strassburg, A.; Kneip, S.; Barut, A.; Tukey, R.H.; Rodeck, B.; Manns, M.P. Developmental
aspects of human hepatic drug glucuronidation in young children and adults. Gut 2002, 50, 259–265.
[CrossRef] [PubMed]

22. Fujiwara, R.; Maruo, Y.; Chen, S.; Tukey, R.H. Role of extrahepatic UDP-glucuronosyltransferase 1A1:
Advances in understanding breast milk-induced neonatal hyperbilirubinemia. Toxicol. Appl. Pharmacol.
2015, 289, 124–132. [CrossRef] [PubMed]

23. Fujiwara, R.; Chen, S.; Karin, M.; Tukey, R.H. Reduced expression of UGT1A1 in intestines of humanized
UGT1 mice via inactivation of NF-κB leads to hyperbilirubinemia. Gastroenterology 2012, 142, 109.e2–118.e2.
[CrossRef] [PubMed]

24. Kaplan, M.; Muraca, M.; Hammerman, C.; Rubaltelli, F.F.; Vlei, M.T.; Vreman, H.J.; Stevenson, D.K. Imbalance
between production and conjugation of bilirubin: A fundamental concept in the mechanism of neonatal
jaundice. Pediatrics 2002, 110, e47. [CrossRef]

25. Fujiwara, R.; Haag, M.; Schaeffeler, E.; Nies, A.T.; Zanger, U.M.; Schwab, M. Systemic regulation of bilirubin
homeostasis: Potential benefits of hyperbilirubinemia. Hepatology 2018, 67, 1609–1619. [CrossRef]

26. Aoshima, N.; Fujie, Y.; Itoh, T.; Tukey, R.H.; Fujiwara, R. Glucose induces intestinal human
UDP-glucuronosyltransferase (UGT) 1A1 to prevent neonatal hyperbilirubinemia. Sci. Rep. 2014, 4,
6343. [CrossRef]

27. Bertino, E.; Giribaldi, M.; Cester, E.A.; Coscia, A.; Trapani, B.M.; Peila, C.; Arslanoglu, S.; Moro, G.E.;
Cavallarin, L. New human milk fortifiers for the preterm infant. J. Pediatr. Neonatal Individ. Med. 2017, 6,
e060124. [CrossRef]

28. Hofman, D.L.; van Buul, V.J.; Brouns, F.J. Nutrition, Health, and Regulatory Aspects of Digestible
Maltodextrins. Crit. Rev. Food Sci. Nutr. 2016, 56, 2091–2100. [CrossRef]

29. Faal, G.; Masjedi, H.K.; Sharifzadeh, G.; Kiani, Z. Efficacy of zinc sulfate on indirect hyperbilirubinemia in
premature infants admitted to neonatal intensive care unit: A double-blind, randomized clinical trial. BMC
Pediatr. 2020, 20, 130. [CrossRef]

30. Vítek, L.; Muchová, L.; Zelenka, J.; Zadinová, M.; Malina, J. The effect of zinc salts on serum bilirubin levels
in hyperbilirubinemic rats. J. Pediatr. Gastroenterol. Nutr. 2005, 40, 135–140. [CrossRef]

31. Vítek, L.; Kotal, P.; Jirsa, M.; Malina, J.; Cerná, M.; Chmelar, D.; Fevery, J. Intestinal colonization leading to
fecal urobilinoid excretion may play a role in the pathogenesis of neonatal jaundice. J. Pediatr. Gastroenterol.
Nutr. 2000, 30, 294–298. [CrossRef] [PubMed]

32. Verkade, H.J.; Hoving, E.B.; Muskiet, F.A.; Martini, I.A.; Jansen, G.; Okken, A.; Vonk, R.J.; Bijleveld, C.M. Fat
absorption in neonates: Comparison of long-chain-fatty-acid and triglyceride compositions of formula, feces,
and blood. Am. J. Clin. Nutr. 1991, 53, 643–651. [CrossRef] [PubMed]

33. Buiter, H.D.; Dijkstra, S.S.; Oude Elferink, R.F.; Bijster, P.; Woltil, H.A.; Verkade, H.J. Neonatal jaundice
and stool production in breast- or formula-fed term infants. Eur. J. Pediatr. 2008, 167, 501–507. [CrossRef]
[PubMed]

34. Elfarargy, M.S.; Ali, D.A.; Al-Ashmawy, G.M. Study of Vitamin D and melatonin supplementation as adjuvant
therapies in neonatal jaundice. Curr. Pediatr. Res. 2019, 23, 101–105.

http://dx.doi.org/10.1371/journal.pmed.1002923
http://www.ncbi.nlm.nih.gov/pubmed/31584941
http://dx.doi.org/10.1136/fn.88.6.F459
http://dx.doi.org/10.1001/archpedi.1982.03970440081024
http://dx.doi.org/10.1042/bj1840705
http://dx.doi.org/10.1136/gut.50.2.259
http://www.ncbi.nlm.nih.gov/pubmed/11788570
http://dx.doi.org/10.1016/j.taap.2015.08.018
http://www.ncbi.nlm.nih.gov/pubmed/26342858
http://dx.doi.org/10.1053/j.gastro.2011.09.045
http://www.ncbi.nlm.nih.gov/pubmed/21983082
http://dx.doi.org/10.1542/peds.110.4.e47
http://dx.doi.org/10.1002/hep.29599
http://dx.doi.org/10.1038/srep06343
http://dx.doi.org/10.7363/060124
http://dx.doi.org/10.1080/10408398.2014.940415
http://dx.doi.org/10.1186/s12887-020-02025-9
http://dx.doi.org/10.1097/00005176-200502000-00010
http://dx.doi.org/10.1097/00005176-200003000-00015
http://www.ncbi.nlm.nih.gov/pubmed/10749414
http://dx.doi.org/10.1093/ajcn/53.3.643
http://www.ncbi.nlm.nih.gov/pubmed/2000817
http://dx.doi.org/10.1007/s00431-007-0533-9
http://www.ncbi.nlm.nih.gov/pubmed/17619902


Nutrients 2020, 12, 2116 12 of 12

35. Bhat, J.A.; Sheikh, S.A.; Ara, R. Correlation of 25-hydroxy vitamin D level with neonatal hyperbilirubinemia
in term healthy newborn: A prospective hospital-based observation study. Int. J. Pediatr. Adolesc. Med. 2019,
in press. [CrossRef]

36. Aletayeb, S.M.; Dehdashtiyan, M.; Aminzadeh, M.; Malekyan, A.; Jafrasteh, S. Comparison between maternal
and neonatal serum vitamin D levels in term jaundiced and nonjaundiced cases. J. Chin. Med. Assoc. 2016,
79, 614–617. [CrossRef]

37. Wu, P.Y.; Lim, R.C.; Hodgman, J.E.; Kokosky, M.J.; Teberg, A.J. Effect of phototherapy in preterm infants on
growth in the neonatal period. J. Pediatr. 1974, 85, 563–566. [CrossRef]

38. Terrin, G.; Canani, B.C.; Di Chiara, M.; Pietravalle, A.; Aleandri, V.; Conte, F.; De Curtis, M. Zinc in EarlyLife:
A Key Element in the Fetus and Preterm Neonate. Nutrients 2015, 7, 10427–10446. [CrossRef]

39. Starke, I.C.; Pieper, R.; Neumann, K.; Zentek, J.; 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]

© 2020 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/10.1016/j.ijpam.2019.10.001
http://dx.doi.org/10.1016/j.jcma.2016.05.008
http://dx.doi.org/10.1016/S0022-3476(74)80471-3
http://dx.doi.org/10.3390/nu7125542
http://dx.doi.org/10.1111/1574-6941.12233
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Population Overview 
	Participation 
	Data Collection 
	Outcomes 
	Feeding Protocol 
	Data Analysis 
	Sample Size Calculation 

	Results 
	Overall Characteristics 
	Anthropometric Findings 
	Jaundice Outcomes 
	Clinical Outcomes 

	Discussion 
	Conclusions 
	References

