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Abstract It has remained unclear whether the amount of
fecal fat excreted in the stool and stool production
influences the severity of neonatal jaundice. We deter-
mined the relationship between stool production, fecal fat
excretion and jaundice in healthy breast-fed (BF) or
formula-fed (FF) (near-)term neonates. From postnatal
day 14, we quantitatively collected stools from 27 FF
and 33 BF infants in daily fractions. Stool production
and fecal fat contents were related to unconjugated
bilirubin (UCB) levels, as determined by transcutaneous
bilirubinometry (TcB). Bilirubin concentrations and stool
production did not differ between FF and BF neonates
during the study period. Neonatal bilirubin levels were
not inversely correlated with stool production. FF and BF
infants had similar fecal fat excretion rates. The stool
production of FF infants was profoundly lower in the
present study than in a 1985 study by De Carvalho et al.
[J Pediatr (1985) 107:786-790]. We conclude that
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increased jaundice during the first postnatal days in
healthy term neonates can no longer be attributed to
breast-feeding and speculate that improved absorbability
of formulas since 1985 has contributed to similar fat
excretion and stool production in FF and BF neonates
in 2007.
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Abbreviations

BF breast-fed

FF formula-fed

TcB  transcutaneous bilirubinometry
UCB unconjugated bilirubin

Introduction

Neonatal jaundice is characterized by the accumulation of
unconjugated bilirubin (UCB). UCB mainly originates from
heme degradation in the reticulo-endothelial system and is
transported to the liver for conjugation and subsequent
biliary secretion. In neonates, hepatic conjugation activity is
still low, whereas bilirubin production is transiently
increased.

Breast-feeding has been associated on the one hand with
an exaggeration of neonatal jaundice during the first
postnatal days and, on the other hand, with a prolongation
of the visible jaundice beyond the first 2 weeks of life
(“breast-milk jaundice”) [10, 12, 19, 24, 32]. The path-
ophysiology of increased neonatal jaundice in the first
postnatal days in breast-fed (BF) infants has been a matter
of debate. Weight loss in breast-fed infants is frequently
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higher than in formula-fed (FF) infants [19]. However, the
difference in weight loss does not completely correspond to
the higher incidence of jaundice during breast feeding [1, 4, 6].
Gourley and Arend suggested that the presence of
[3-glucuronidase in human breast milk — but not in formula
milk — enhances the enterohepatic circulation of bilirubin
[13], but subsequent studies failed to support this hypothesis
[2, 17]. Increased bilirubin absorption, rather than higher
bilirubin production, has been suggested as an alternative
mechanism underlying the exaggeration of breast milk
jaundice [2, 3, 11, 16].

UCB can spontaneously diffuse through lipid bilayers
and hepatocyt membranes [35]. Lester and Schmid and,
more recently, Kotal et al. demonstrated that UCB can enter
the intestinal lumen via biliary secretion and via trans-
epithelial transport in Gunn rats and Crigler Najjar patients,
both known to have persistent unconjugated hyperbiliru-
binemia [20-22]. We recently hypothesized that the
neonatal disposal of UCB from the body is related to the
amount of fat excreted via the feces [33]. According to this
hypothesis, UCB associates with unabsorbed dietary fat in
the intestinal lumen, which prevents its reabsorption
(intestinal capture). The highly efficient fat absorption in
BF infants compared with FF infants [34] may limit the
disposal of UCB in the former and thus contribute to
exaggerate neonatal hyperbilirubinemia. Subsequent studies
in Gunn rats with spontaneous unconjugated hyperbilirubi-
nemia supported the hypothesis. The stimulation of fecal fat
excretion by treating Gunn rats with the lipase inhibitor
orlistat increased fecal UCB excretion and decreased
plasma UCB concentrations [15, 26].

No information is available on the relationship between
neonatal jaundice and fecal fat excretion during the first
postnatal days in infants. De Carvalho et al. demonstrated
that in comparison to FF infants, BF infants had a lower
stool production and fecal bilirubin output and higher
serum bilirubin levels during the first 3 days of life [7].
Similarly, Gourley et al. reported a negative relationship
between stool production and bilirubin levels in healthy
term infants during the first 3 weeks of life [14]. Stool fat
contents, however, were not quantified in these studies.
Thus, these researchers were unable to infer whether the
observed differences were actually due to lower fecal fat
loss in BF infants.

The aim of the present prospective study was to determine
the relationship between bilirubin concentrations, stool
production and fecal fat excretion during the first postnatal
days in healthy term BF and FF neonates. According to our
hypothesis [33], lower fecal fat excretion rates would result
in less fecal excretion of bilirubin and therefor higher levels
of transcutaneously measured bilirubin. To allow compar-
ison with previous data, the present study design closely
mimicked that of De Carvalho et al. [7].
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Subjects and methods
Subjects

The study protocol, based on informed parental consent,
was approved by the Medical Ethics Committee of the
Martini Hospital, The Netherlands. The BF group was
breast-fed at least 75% of the daily ingested volume
distributed over six to eight feedings daily. Data from
infants whose total daily intake on any one of the first 5
postnatal days comprised between 25 and 75% formula
milk were not included in the study. The fat composition of
the formula was (per 100 g fatty acids) 38.3 g saturated
fatty acids, 49.3 g monosaturated fatty acids and 124 g
polyunsaturated fatty acids. The formula contained 20 g
palmitic acid (C 16:0) per 100 g fatty acids.

Study design

Upon receiving parental consent, infants were enrolled
immediately after birth. Inclusion criteria were gestational
age of at least 36 weeks, Apgar score at 5 min of at least 7,
uncomplicated delivery, either spontaneously or via cesar-
ean section, and an expected stay in the hospital of at least
3 days. Neonates with meconium-stained amniotic fluid,
polycythemia (defined as hematocrit above 0.60), positive
Coombs-test, born by instrumental delivery, any apparent
illness (including symptoms possibly due to infection) or
use of medication were excluded. Maternal characteristics
(parity, pre-existent morbidity), infant characteristics
(Apgar score, sex, race, birth weight) were obtained and
weight was recorded daily.

Methods

The extent of jaundice was measured daily at the same time
in the morning using transcutaneous bilirubinometry (TcB;
BiliCheck, SpectRx, Norgross, Ga.). Each measurement
consisted of placing the BiliCheck on the forehead for three
times, after which the device calculated the average. The
results were related to the post-partum age in hours at the
time of measurement. During the study, transcutaneous
bilirubin values were not used for clinical patient care.
From 48 of the 60 included patients (27 BF, 21 FF) all
stools were quantitatively collected from birth until dis-
charge using inlayer sheets in diapers. During the study
period, fat-containing cream or lotion was avoided at the
diaper area. Soiled inlayer sheets were pooled per day and
frozen at —20°C until analysis. Stool samples were treated
according to the extraction procedure described by Jakobs
et al. [18] with minor modifications. The total weight of the
stools from 1 day was calculated by subtracting the weight
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of that day's inlayer sheets. The whole stool including the
inlayer sheets per day was analyzed by mixing the stool
with (per gram of stool) with 5 ml of water, 1 ml of HCI
(37%) and 12 ml of ethanol (96%) in a 1-1 plastic
container. The mixture was vigorously shaken for 8 min
using a paint container shaker (Minimix Mk3; Merris
Development Engineers, Maidenhead, Berkshire, UK). A
10-g sample of the suspension was put into a Teflon tube
after which 10 ml petroleum ether was added. The tube was
vigorously shaken for 10 min, followed by centrifugation
for 10 min at 800 g, 10°C. A 5-ml portion of the organic
layer was transferred to a glass tube and evaporated for
30 min at 40°C under a stream of nitrogen. The dried lipid
extracts were dissolved in 1.0 ml of chloroform (gradient
grade) and transferred to a transmission flow cell (path
length: 0.025 mm) with sodium chloride crystals.

Spectra were measured in the mid-infrared region (4000—
1300 cm ). Ten scans were co-added at an optical resolution
of 4 ecm ' using a Perkin-Elmer Spectrum 1000 Series
Fourier Transform Infrared spectrometer (Perkin—Elmer,
Norfolk Conn.). Chloroform was used for background
subtraction. A primary standard mixture of stearic and
palmitic acids (65:35) was used for the calibration curve in
the range of 0—15 g% using single linear regression analysis
(Beer’s Law). The primary standards were handled in the
same way as the fecal samples. From the three characteristic
peaks in the spectrum (2927, 2855 and 1709 cm '), the
heights at 2855 cm ™' was used for calculation.

Statistics

All results are presented as means + standard error of the
mean. Differences between FF and BF neonates were
evaluated by the Student’s -test or, in absence of a normal
distribution, the Mann Whitney U-test. Correlations be-
tween parameters were calculated using Pearson rank
correlation coefficient. The level of significance was set at
p<0.05. The analysis was performed using spss ver. 10 for
Windows software (SPSS, Chicago, Ill.).

Results

Table 1 shows the characteristics of the BF and FF infants
studied. Thirty-three BF and 27 FF (Nutrilon Premium)
infants were studied during the first postnatal days (4+1
days, mean + SEM). FF infants received at least 75% of the
daily volume intake as formula-feeding. Initially, 64 infants
had been included, but the results of four infants were not
used for the analyses because of incomplete data (n=2),
discharge on the second postnatal day (n=1) or severe
hyperbilirubinemia requiring phototherapy on the second

Table 1 Characteristics of the breast-fed and formula-fed group of
infants

Breast-fed Formula-fed
infants infants
n 33 27
Birth weight (kg) 3.3+0.1 3.3+0.1
Gestational age (weeks) 39.1+0.2 38.6+0.3
Weight loss (% of birth weight) 7.6+£0.4* 5.9+0.5%
Parity (% nulliparae) 22 (67%) 6 (22%)
Male (% of all infants) 16 (48%) 13 (48%)
Caesarian section 31 (94%) 21 (78%)

(% of all infants)

All values are means =+ standard error of the mean (SEM).
*p<0.05. There were no significant differences between BF and FF
infants in any of the other parameters.

postnatal day (n=1). Of the remaining 60 infants (gesta-
tional age: 39.2+0.2 weeks), one FF infant developed
hyperbilirubinemia at day 4 and was treated with photo-
therapy. The data of this infant were included in the
analysis until the start of phototherapy. The two groups did
not differ significantly in birth weight, gestational age,
male/female distribution or delivery via caesarean section
(Table 1). The rate of cesarean section is high, attributable
to the inclusion criterium of healthy (near-)term infants
with an expected stay in the hospital of at least 3 days. The
fraction of first-borns was higher in the BF group than in
the FF group (67 vs. 23%, respectively). BF infants lost
significantly more weight than FF infants during the study
period (p=0.013; Table 1).

Figure 1 shows that the TcB values were very similar in
the BF and FF group during the first 4 postnatal days.
Maximum bilirubin levels during the study period were
reached at the fourth day: 153+10 and 146+£10 umol/l in
BF and FF infants, respectively. Levels in the BF group
seemed to level off at day 4, in contrast to the FF group. No
significant differences in TcB were found between BF and
FF infants on any of the study days. Although BF infants
lost more bodyweight, neonatal weight loss was not
significantly related to TcB levels in either group (FF;
#=0.01, BF; *=0.05).

Figure 2 shows that the stool production was similar
between the BF and FF infants on any one of the days.
Cumulative fecal weight in the first 4 postnatal days was
49+4 g in BF infants and 46+4 g in FF infants, a
non-significant difference. Figure 3 shows the cumulative
fecal fat excretion in the two groups. Between birth and
postnatal day 4, BF infants had a cumulative fecal fat
excretion of 3.2+0.7 g, which was similar to the 3.9+1.3 g
excreted by FF infants.
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Fig. 1 Transcutaneous bilirubin levels measured in breast-fed (BF)
and formula-fed (FF) infants during the first postnatal days. Bilirubin
levels did not differ significantly between BF (n=33) and FF (n=27)
in any of the first 4 days after birth. Values represent means + standard
error of the mean (SEM). No significant differences were found. Tc
Transcutaneous. [17.1 pumol/l unconjugated bilirubin (UCB) equals
1 mg/dl UCB]

Discussion

We investigated the relationships between stool production,
fecal fat excretion and jaundice in healthy BF and FF term
neonates. In contrast to previous studies, we found that BF
and FF infants had similar levels of jaundice and stool
production during the first postnatal days.
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Fig. 2 Cumulative stool production in FF and BF infants during the
first 4 postnatal days In the first 4 postnatal days the total amount of
stool production did not significantly differ between BF (n=27) and
FF (n =21) infants. Values represent means + SEM. Differences
between the two groups of infants were not statistically significant at
any of the days studied
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Fig. 3 Cumulative fecal fat excretion (in grams per day) in BF
(n=27) and FF infants (n=21) Cumulative fecal fat excretion in FF
infants was similar to that in BF infants during first 4 postnatal days.
Values represent means + SEM. No significant differences were found

De Carvalho et al. reported a negative linear correlation
between neonatal stool production and serum bilirubin
concentrations [7]. In the present study, however, TcB
levels were neither related to cumulative stool production
(Fig. 4) nor to neonatal fecal fat excretion (Fig. 5). Many
factors have been implied to influence the severity of
neonatal jaundice, such as parity, weight loss, mode of
delivery, gestational age, and maternal characteristics such
as age and smoking. It needs to be realized, however, that
the various studies on these factors are not conclusive and
sometimes even contradictory [1, 6, 9, 23, 25, 30]. In our
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Fig. 4 The relationship between transcutaneous (7¢) bilirubin levels
and cumulative stool production in the first postnatal days of BF and
FF term neonates. TcB levels in both BF and FF infants (n = 48) at
postnatal day 3 are not correlated with cumulative stool production
between post-partum day 0 and day 3 (R*=0.0055 for BF, R*=0.0004
for FF infants)
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Fig. 5 The relationship between TcB levels and cumulative fecal fat
excretion in the first postnatal days of BF and FF term neonates. TcB
levels in both BF and FF infants (n = 48) at postnatal day 3 are not
correlated with cumulative fecal fat excretion between day 0 and day 3
(*=0.019 for BF, 1*=0.065 for FF infants)

study, neonatal weight loss and parity differed between BF
and FF infants. We do not consider it likely, however, that
this could account for the similar degree of neonatal
jaundice in the two groups. A higher weight loss (possibly
due to decreased nutritional intake) was found in the BF
infants, and one could have expected higher bilirubin
concentrations in BF infants, what we did not observe.
We also did not consider it likely that the trancutaneous
analysis of bilirubin levels is responsible for the lack of
difference between BF and FF infants. In the range of
bilirubin values reported in the present study, the TcB
measurement is accurate, reproducible and comparable to
the standard of care laboratory tests, [4, 5, 28, 29]. We
considered the possibility that the relatively small number
of infants could mask possible differences between BF and
FF infants. However, De Carvalho et al. did find significant
differences with 40% fewer infants. It therefore seems
likely that the lack of difference in bilirubin levels between
the two groups of infants in our study cannot be attributed
to these various factors. The apparent discrepancy between
the present observations and the data reported previously by
De Carvalho et al. was further analyzed (Fig. 6). BF infants
in De Carvalho et al.’s study and in the present study
produced rather similar amounts of stool (estimated
difference of approx. 20% based on figures; original data
were not available; personal communication with M. De
Carvalho). FF infants in the present study, however,
produced profoundly lower levels of stools compared to
the FF infants reported by De Carvalho (cumulative stool
weight: 36 vs. 80 g at day 3, respectively). Since the results
of BF infants were similar, we consider it unlikely that
differences in the methodology of feces collection or
weighing could account for the results of the FF infants,
who were subjected to identical procedures. Rather, we
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Fig. 6 Cumulative weight of stools in the first postnatal days in BF
and FF infants: a comparison of data from De Carvalho et al.’s 1985
study [7] and the present study. FF infants in the present study
produced less stool than the FF infants in De Carvalho et al.’s study.
In contrast, BF infants produced similar amounts of stool as those
studied in 1985

hypothesize that differences in the formulas used, and
therefore differences in intestinal (fat-)absorbability, may
play a role in the apparent discrepancy. Modernization of
formula-feeding may have led to improved absorbability
and correspondingly to lower fat malabsorption in FF
infants. Indeed, fecal fat excretion in FF infants is
approaching the levels of excretion in BF infants [27].
Upon requesting information concerning possible changes
in the composition of infant nutrition with a major supplier
in the Netherlands, Nutricia B.V., we learned that the
contribution of medium-chain triglycerides was increased in
1991 by 43% (from 14.3 to 20.5 g/100 g fatty acids). It is
well known that medium-chain triglycerides have a higher
absorbability than long(er) chain triglycerides. Detailed
information on fat content and composition of the formula
used in De Carvalho et al.’s study was not available.

Differences in neonatal bilirubin levels between BF and FF
infants have been described frequently in the past. More
recently, however, it has been questioned whether BF infants
in general have higher bilirubin levels. Bertini et al. measured
UCB of more than 2000 term infants in the first postnatal days
and found that only a small subgroup of the BF infants had
significant hyperbilirubinemia, possibly related to fasting [3].
Our data are in accordance with those of Bertini et al. and,
together with results from other recent studies, indicate that
the extent of neonatal jaundice in the first postnatal days is
similar in FF and BF infants. The possible mechanism
underlying this phenomenon is unclear.

The neonatal TcB levels of the present study are similar
to previously reported average bilirubin levels in term
infants in the first postnatal days [8]. Peak bilirubin levels
are normally found on postnatal days 4 or 5 in term infants
[8]. Our own data indeed indicate that the bilirubin
concentrations level off at day 4 (Fig. 1). Due to the
standard release of mothers and neonates from the hospital
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at day 3 or 4, we could only measure TcB and collect feces
until this time point.

In our study, the incidence of severe hyperbilirubinemia
requiring phototherapy was 1.6 %, which is low compared
to a known incidence of 5.1-10.5% [3, 24, 31]. This is
probably due to the exclusion of infants with a known high
risk of hyperbilirubinemia from the study. Our study
included a high number of infants born by caesarian section
who are known to have a decreased risk of hyperbiliru-
binemia. De Carvalho et al. reported somewhat higher
bilirubin levels in the first postnatal days, possibly due to a
high number of infants with forceps delivery [7].

In summary, we originally hypothesized that the differ-
ence in the extent of neonatal jaundice between FF and BF
infants was related to the efficacy of fat (mal)absorption.
However, the similarity in neonatal jaundice (and stool
production) observed in the present study provide an
indication for a “change in paradigm” with respect to the
effect of breast feeding on the exaggeration of neonatal
jaundice during the first postnatal days. It is tempting to
speculate that, in accordance with our hypothesis, the now
similar fecal fat excretion rates in BF and FF infants has led
to an equally high ability to capture UCB in the intestinal
lumen and prevent its enterohepatic circulation.
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