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Background. Cholestasis is a common but serious clinical condition in preterm neonates. The current management for preterm
neonatal cholestasis has limitations. The aim of this study was to determine effects of Bifidobacterium supplementation on the
prevention and alleviation of cholestasis in preterm infants with very low birth weight. Methods. Preterm neonates with very low
birth weight were enrolled in the Children’s Hospital of Soochow University between December 2012 and December 2017. The
patients were randomly assigned into Bifidobacterium and control groups, and effects of Bifidobacterium supplementation on
the outcomes were compared between the two groups. Results. There was no significant difference in the baseline characteristics
in the two groups. Notably, the proportion of cases with neonatal cholestasis was significantly lower, with fewer neonatal
cholestasis-associated complications in the Bifidobacterium group compared with the control group (6% versus 22%, P < 0:01).
Furthermore, the Bifidobacterium group exhibited less severe cholestasis and better improvement of the liver function than the
control group as evidenced by the biochemical tests (P < 0:05). Finally, comparison of the other outcomes revealed that
significant shorter duration of hospitalization (14:45 ± 2:13 versus 16:12 ± 2:22 days, P < 0:01), fewer days to reach the full
enteral feeding (9:2 ± 2:11 versus 12 ± 5:67 days, P < 0:01), shorter duration of meconium passage (5:0 ± 3:6 versus 6:6 ±
3:38 days, P < 0:05), lower proportion of cases on fasting and duration of fasting (0.8% versus 5.6%, P < 0:05 and 3:0 ± 1:6
versus 5:6 ± 2:38 days, P < 0:01, respectively), and shorter duration of weight gain to normal (4:77 ± 2:49 versus 6:87 ± 2:71
days, P < 0:01) in the Bifidobacterium group versus the control group. Conclusions. Bifidobacterium supplementation has
significantly preventive and other beneficial effects on the management of cholestasis in preterm infants with very low
birth weight. Its long-term safety and effectiveness will need further investigation. This trial is registered with the Chinese
Clinical Trial Registry (Registration No. ChiCTR1900022296).

1. Background

Cholestasis commonly occurs in preterm neonates and is
attributed to multiple causative factors (e.g., abnormality of
the gastrointestinal and liver tracts, infection, immaturity of
red blood cells, and genetic metabolic diseases) [1]. Preterm
cholestasis is worsened by the delay in the enteral feeding,
mainly because it increases enterohepatic circulation and

elevates levels of serum bilirubin [2, 3]. The main character-
istics of neonatal cholestasis include the pathological jaun-
dice with an accumulation of bilirubin in the blood, an
enlargement of the liver, darkening of the feces color, and
abnormally higher levels of serum alanine aminotransferase
(ALT). Previous laboratory examinations in neonatal
cholestasis have shown that the levels of serum ALT and/or
aspartate aminotransferase (AST) markedly increased, and
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total bilirubin ðTBÞ < 85μmol/L (5mg/dL), conjugated
bilirubin > 17:1 μmol/L (1mg/dL) or serumTB > 85μmol/L,
conjugated bilirubin/total bilirubin > 20% in neonates with
cholestasis [4–6].

The current recommendations for the management of
the preterm neonatal cholestasis, such as conservative photo-
therapy and surgical intervention, have limitations, and there
are a number of concerns over adverse effects. Therefore, pre-
vention and alternative treatments would be valuable in this
regard. In addition, there is a need for an improvement and
better care for cholestasis in preterm neonates and those with
cholestasis. Notably, the gastrointestinal function in new-
borns especially preterm infants is still immature, for which
parenteral nutrition (PN) is required. The implementation
of PN and delay in the enteral feeding may cause PN-
associated cholestasis (PNAC) or evenmake the existing cho-
lestasis worse. Long-term PN can also result in an imbalance
in the intestinal flora, damage of the gastrointestinal mucous,
and disruption in the bile secretion and further aggravate the
conditions of cholestasis [7]. Therefore, it is important to
correct the imbalanced intestinal flora by increasing coloni-
zation of beneficial bacteria and to improve the function of
the gastrointestinal function in preterm infants. In fact, a
number of clinical trials have reported that preterm infants
with prebiotics had improvement in gastrointestinal motility,
stool characteristics, and enteral feeding tolerance [8–10].
Moreover, prebiotics had impact on the growth of beneficial
bacteria in the gut [11, 12], alleviation of the cell damage in
the small intestine, reduction of intestinal inflammation,
promotion of maturation of the intestinal function, and
improvement of the stool frequency and shape, as well
as enteral feeding tolerance in preterm infants [13]. How-
ever, it remains to be further investigated for the effect of
prebiotic supplementation on the prevention and severity
of neonatal cholestasis in preterm neonate with very low
birth weight.

In this study, we aimed to assess effects of prebiotic sup-
plementation on the potential prevention and alleviation of
severity of neonatal cholestasis in preterm neonate with very
low birth weight. The findings obtained through conducting
this study may provide scientific evidence of the prebiotic
supplementation in the better management of preterm new-
borns with very low birth weight.

2. Methods

2.1. Human Subjects and Study Design. In this prospective,
double-blinded, randomized comparative study, 510 preterm
neonates in the Children’s Hospital of Soochow University
between December 2012 and December 2017 were screened
for their eligibility. The following inclusion criteria were
used: (1) admission to the hospital within 12 hours after
birth, (2) gestational ages ranging from 28 to 34 weeks, (3)
very low birth weight (<1500 g), and (4) total parenteral
nutrition (TPN) one day following birth. However, the
patients who presented the following conditions were
excluded from this study: (1) congenital heart diseases,
malformations in the gastrointestinal (GI) tract, and genetic
metabolic diseases; (2) surgical treatment during hospitaliza-

tion; (3) severe symptoms of digestive diseases (e.g., vomit-
ing, abdominal distention, and diarrhea) before TPN; (4)
cholestasis at the time of admission to our hospital; (5) taking
gastrointestinal stimulants; (6) taking antibiotics; and (7)
incompletion or withdrawal of treatment during hospitaliza-
tion. Ten patients were excluded from this study, including
one congenital birth defect, five severe symptoms of digestive
diseases before TPN, and four cholestasis diagnosed at the
time of admission. As a result, a total of 500 study subjects
were enrolled in this study.

All the guardians/parents of the infants had given written
informed consent prior to enrollment in the study. This
study was reviewed and approved by the Ethics Committee
of the Children’s Hospital of Soochow University (Suzhou,
Jiangsu, China).

2.2. Treatment with Bifidobacterium Supplementation. All
the study preterm neonates were randomly assigned into
the Bifidobacterium group and the control group using the
stratified permuted block randomization. The patients in
the Bifidobacterium group were given orally Bifidobacterium
triple viable powder (Shanghai Xinyi Pharmaceutical Com-
pany, Peifeikang powder, 0.5 g/time, 3 times/day) within 24
hours after birth until TPN was implemented, while those
neonates in the control group were orally fed without Bifido-
bacterium supplementation. Bifidobacterium triple viable
powder contains live bacteria of long Bifidobacterium, Lacto-
bacillus acidophilus, and Enterococcus faecalis at no less than
1:0 × 107 cfu/g [14, 15].

Before having reached enteral feeding, PN was imple-
mented to prevent hypoglycemia, hyperglycemia, and
electrolyte acid-base balance disorders. In addition to rou-
tine hepatoprotective therapy (including intravenous drip
of energy mixture, fat-soluble vitamin K, and other symp-
tomatic treatments), ursodeoxycholic acid (produced by
German Hooker Pharmaceutical Factory, 250mg/grain,
10-15mg/kg·d, orally, twice) combined with jaundice
Yinchen granules (Shanghai Jing’an Pharmaceutical Com-
pany, 20 g/package, 3 g/time, orally, three times a day)
was used for the treatment of cholestasis.

Both groups were fed with formula milk powder designed
for preterm infants (osmotic pressure 327mOsm/L) with an
initial 3-5mL/(kg·d), less than 20mL/(kg·d). The daily milk
quantity and calorie of each infant were monitored to deter-
mine at least 90-120 kcal/(kg·d) [16].

The formula of PN includes 20% medium-long chain fat
emulsion, water-soluble vitamins, fat-soluble vitamins,
amino acids essential for infants, glucose, electrolytes, and
trace elements. The initial dosage of amino acid was 1.5-
2.0 g/(kg·d), then gradually increased to 3.5-4.0 g/(kg·d); the
initial dosage of fat milk was 0.5-2.0 g/(kg·d), which gradually
increased to 2.0-3.0 g/(kg·d); and the dosage of glucose grad-
ually increased from 4-6mg/(kg·min) to 11-14mg/(kg·min).
PN was administered through a peripheral venous micro-
pump for 8-12 hours.

2.3. Biochemical Examinations and Relevant Diagnostic
Criteria. The levels of TB, direct bilirubin (DB), gamma glu-
tamine transferase, total bile acid (TBA), and total cholesterol
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(TC) in the infant patients with cholestasis were recorded.
The diagnosis of cholestasis was primarily made according
to the following biochemical examinations: TB < 85μmol/L
(5mg/dL), conjugated bilirubin > 17:1μmol/L (1mg/dL) or
serum TB > 85μmol/L, and conjugated bilirubin/total biliru-
bin > 20%. Biochemical tests for the liver function were per-
formed every 5 days in the study subjects. Cholestatic liver
damage was diagnosed based on the results of blood tests
indicating that the serum bilirubin, alkaline phosphatase,
gamma glutamine transferase, ALT, and AST level were
increased when the child experienced jaundice, hepatomeg-
aly, anorexia, dark urine color, light stool color, and other
clinical symptoms. Necrotizing enterocolitis (NEC) in new-
borns was diagnosed based on the clinical presentation of
symptoms such as bloody stool, abdominal distention,
vomiting, lethargy, apnea, and hypotonia and if abdominal
X-ray examination showed cystic emphysema of the intesti-
nal wall. However, atypical clinical manifestations required
differentiation from other diseases. Extrauterine growth
retardation (EUGR) was diagnosed if the weight, length, or
head circumference of the child was below the 10th percentile
of the expected value for the corresponding intrauterine
growth rate at the time of discharge. The clinical manifesta-
tions of septicemia were nonspecific, mainly including poor
response, fever or lack of temperature rise, lack of weight
increase or slow growth, jaundice, hepatosplenomegaly,
shock, and even multiple organ lesions. The results of non-
specific examination included increased or decreased periph-
eral blood leukocyte count, a ratio of baculonuclear cells to
neutrophils of ≥0.16, a platelet count of <100× 109/L,
increased C-reactive protein level, increased serum procalci-
tonin level, and increased IL-6 level. Septicemia was diag-
nosed based on clinical manifestations and confirmation of
any of the following conditions: (1) pathogenic bacteria iden-
tified in blood culture or sterile coelomic fluid culture and (2)
if opportunistic pathogens were found in blood culture, the
same bacteria were also found in another blood culture, cath-
eter tip, or sterile body cavity. Presentation of clinical mani-
festations and any of the following conditions resulted in a
clinical diagnosis of septicemia: (1) at least two abnormal
nonspecific examination results and (2) positive result on
pathogen antigen or DNA testing. All diagnostic criteria were
obtained from literature reports of studies conducted outside
of China [11–13, 17].

2.4. Statistical Analysis. SPSS17.0 statistical software was used
for the statistical analysis in this study. The data with normal
distribution were expressed as the mean ± standard
deviation ðSDÞ, and the independent sample t-test was used
to compare the means of two sets of data. For data without
satisfying the normal distribution, they were expressed as
the median value ± interquartile range ðIQRÞ, and the two
groups were compared by a nonparametric rank sum test
that analysed the difference. The Chi-squared (χ2) test was
used for comparison of enumeration data of two paired
groups. P < 0:05 was considered as significant difference in
all statistical tests.

3. Results

3.1. Baseline Characteristics of the Study Subjects. A total of
511 preterm neonates were evaluated for eligibility, of which
500 infants were finally enrolled in this study. The study
patients were randomly assigned into two groups with 250
neonates in the control group and in the Bifidobacterium
supplementation group. The baseline demographic and clin-
ical characteristics of the study patients, including methods
of childbirth, Apgar scores, gestational age, and gender, were
summarized in Suppl. Table 1. There was no significant
difference in the baseline characteristics in the two study
groups (Suppl. Table 1). In addition, no cholestasis was
identified in the two groups prior to an intervention.

3.2. Comparison of Incidence Rates of Neonatal Cholestasis
and Its Associated Complications in the Study Subjects with
or without Bifidobacterium Supplementation. To determine
a potentially preventive effect of Bifidobacterium supplemen-
tation on neonatal cholestasis, we compared incidence rates
of neonatal cholestasis and its associated complications in
the two groups with or without Bifidobacterium supplemen-
tation. As presented in Table 1, a proportion of cases with
neonatal cholestasis were significantly lower in the Bifidobac-
terium group in contrast to the control group (6% versus
22%, P < 0:01). Additional analysis of neonatal cholestasis-
associated complications showed that the Bifidobacterium
group exhibited significantly lower proportion of cases that
had the following cholestasis-associated complications com-
pared with the control group: cholestatic liver injury (6.67%
versus 36.36%, P < 0:05), NEC (0.8% versus 4.8%, P < 0:01),

Table 1: Incidence rates of neonatal cholestasis and its associated complications in the study subjects with or without Bifidobacterium
supplementation.

Bifidobacterium group Control group χ2 P

Neonatal cholestasis (%) 15 (6.00) 55 (22.00) 26.578 <0.01
Cholestatic liver injury (%) 1 (6.67) 20 (36.36) 4.948 0.029

Septicemia (%) 3 (1.2) 4 (1.6) 0.145 0.725

NEC (%) 2 (0.8) 12 (4.8) 7.349 <0.01
FI (%) 15 (6.0) 30 (12.0) 17.104 <0.01
EUGR (%) 21 (8.4) 37 (14.8) 4.993 0.035

Note: NEC: necrotizing enterocolitis of newborn; FI: feeding intolerance; EUGR: extrauterine growth retardation. The Chi-squared (χ2) test was used for
comparison of enumeration data of two paired groups. P < 0:05 was considered as significant difference between the two groups.
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FI (6% versus 12%, P < 0:01), and EUGR (8.4% versus
14.8%). It was of note that a proportion of septicemia was
slightly lower in the neonates with Bifidobacterium supple-
mentation compared with those with placebo, whereas the
difference between the two groups was not statistically differ-
ent (1.2% versus 1.6%, P = 0:725).

3.3. Comparison of the Severity of Neonatal Cholestasis in the
Study Subjects with or without Bifidobacterium
Supplementation. We also examined effect of Bifidobacter-
ium supplementation on the severity of neonatal cholestasis
in the study infants, which were assessed on the basis of a
range of biochemical tests for the disease severity. As shown
in Table 2, neonatal cholestasis was significantly less severe in
the Bifidobacterium group than the control group, as evi-
denced by significantly lower levels of peak total bilirubin
(168 ± 76 versus 230 ± 160μmol/L, P < 0:05), peak direct bil-
irubin (73 ± 19 versus 86 ± 21μmol/L, P < 0:05), γ-glutamine
transferase (219 ± 60 versus 285 ± 70U/L, P < 0:05), alkaline
phosphatase (322 ± 50 versus 513 ± 100U/L, P < 0:05), total
bile acid (69:0 ± 10:0 versus 74:0 ± 11:0μmol/L, P < 0:05),
and total cholesterol (2:0 ± 1:3 versus 2:6 ± 0:8mmol/L,
P < 0:05).

3.4. Comparison of the Liver Function in the Study Subjects
with or without Bifidobacterium Supplementation. We also
compared effect of Bifidobacterium supplementation on the
improvement of the liver function in the study infants based
upon the laboratory tests for the liver function. As detailed in
Table 3, the liver function was significantly improved in the
Bifidobacterium group versus the control group, as evi-
denced by the laboratory test results for the measurement
of the liver function (P < 0:05).

3.5. Comparison of Duration of Hospitalization and Other
Clinical Outcomes in the Study Subjects with or without
Bifidobacterium Supplementation. Finally, we made compar-
ison of the duration of hospitalization and other clinical
outcomes between the two groups with or without Bifidobac-
terium supplementation, and the main findings were
summarized in Table 4. Duration of hospitalization was sig-
nificantly shorter in the Bifidobacterium group than those
in the control group (14:45 ± 2:13 versus 16:12 ± 2:22 days,
P < 0:01). The Bifidobacterium group exhibited significantly
better clinical outcomes in comparison with those in the
control group (P < 0:05) over the period of this study as evi-

denced as follows: days required for the study neonates to
meet the full enteral feeding were significantly fewer in the
Bifidobacterium group than those in the control group
(9:2 ± 2:11 versus 12 ± 5:67 days, P < 0:01), duration of
meconium passage was significantly shorter in the Bifidobac-
terium group than that in the control group (5:0 ± 3:6 versus
6:6 ± 3:38 days, P < 0:05), proportion of cases on fasting and
duration of fasting were significantly lower in the Bifidobac-
terium group than those in the control group (0.8% versus
5.6%, P < 0:05; 3:0 ± 1:6 versus 5:6 ± 2:38 days, P < 0:01,
respectively), and duration of weight gain to normal was
significantly shorter in the Bifidobacterium group than
those in the control group (4:77 ± 2:49 versus 6:87 ± 2:71
days, P < 0:01).

4. Discussion

This study of effects of Bifidobacterium supplementation on
cholestasis in preterm infants with very low birth weight
has the following main novel findings: (1) Bifidobacterium
supplementation significantly reduced the risk for neonatal
cholestasis and its related complications in the preterm
infants with very low birth weight (Table 1); (2) Bifidobacter-
ium supplementation was significantly associated with less
severity of neonatal cholestasis and better improvement of
the liver function in the preterm infants with very low birth
weight (Tables 2 and 3); and (3) Bifidobacterium supplemen-
tation significantly shortened the time to reach the full
enteral feeding, duration of hospitalization, meconium pas-
sage, and duration of weight gain to normal and improved
other outcomes in the preterm infants with very low birth
weight (Table 4). These findings suggested that Bifidobacter-
ium supplementation has significantly preventive and other
beneficial impacts on the management of cholestasis in pre-
term infants with very low birth weight.

To our knowledge, the studies of efficacy of Bifidobacter-
ium administration on cholestasis in the preterm infants with
very low birth weight are limited. Many previous studies
focused on evaluation of impacts of prebiotics on the care
for preterm neonates, and benefits of prebiotic administra-
tion included improvement of the stool characteristics,
reduction of the enteral feeding tolerance, and increase in
the gastrointestinal motility [8–10, 18–22]. Wang and col-
leagues reported that the incidence rates of cholestasis in pre-
term neonates with oral administration of Bifidobacterium

Table 2: Biochemical examinations for neonatal cholestasis in the study subjects with or without Bifidobacterium supplementation.

Bifidobacterium group Control group t-test P

Peak total bilirubin (μmol/L) 168 ± 76 230 ± 160 2.268 0.026

Peak direct bilirubin (μmol/L) 73 ± 19 86 ± 21 2.975 <0.01
Γ-Glutamine transferase (U/L) 219 ± 60 285 ± 70 4.639 <0.01
Alkaline phosphatase (U/L) 322 ± 50 513 ± 100 11.071 <0.01
Total bile acid (μmol/L) 69:0 ± 10:0 74:0 ± 11:0 2.18 <0.05
Total cholesterol (mmol/L) 2:0 ± 1:3 2:6 ± 0:8 2.547 0.013

Note: the independent sample t-test was used to compare the means of two sets of data. P < 0:05 was considered as significant difference between the two
groups.
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Table 4: Duration of hospitalization and other clinical outcomes in the study subjects with or without Bifidobacterium supplementation.

Bifidobacterium group Control group t/χ2 P

Time to reach total enteral feeding (days) 9:2 ± 2:11 12 ± 5:67 t = 3:000 <0.01
Duration of meconium passage (days) 5:0 ± 3:6 6:6 ± 3:38 t = 2:100 0.039

Percentage of cases on fasting (%) 2 (0.80) 14 (5.60) χ2 = 9:298 0.04

Duration of fasting (d) 3:0 ± 1:6 5:6 ± 2:38 t = 5:876 <0.01
Duration of weight gain to normal (days) 4:77 ± 2:49 6:87 ± 2:71 t = 3:698 <0.01
Duration of hospitalization (days) 14:45 ± 2:13 16:12 ± 2:22 t = 3:518 <0.01
Note: the Chi-squared (χ2) test was used for comparison of enumeration data of two paired groups. The independent sample t-test was used to compare the
means of two sets of data. P < 0:05 was considered as significant difference between the two groups.

Table 3: Comparative analysis of the laboratory tests for the liver function at different time points between the two groups.

Bifidobacterium group ( �X ± s) Control group ( �X ± s) t-test P

Peak total bilirubin (μmol/L)

Baseline 200 ± 80 260 ± 165 2.121 <0.05
5 days 190 ± 80 250 ± 160 2.174 <0.05
10 days 180 ± 80 235 ± 150 2.097 <0.05
Discharge from hospital 90 ± 20 100 ± 15 2.592 <0.05

Peak direct bilirubin (μmol/L)

Baseline 93 ± 19 96 ± 21 0.687 <0.05
5 days 85 ± 19 95 ± 20 2.349 <0.05
10 days 80 ± 19 90 ± 20 2.349 <0.05
Discharge from hospital 20 ± 6 25 ± 5 4.149 <0.01

Γ-Glutamine transferase (U/L)

Baseline 220 ± 61 290 ± 71 4.846 <0.05
5 days 200 ± 55 280 ± 71 5.773 <0.01
10 days 190 ± 52 275 ± 68 6.435 <0.01
Discharge from hospital 50 ± 2 60 ± 3 17.97 <0.01

Alkaline phosphatase (U/L)

Baseline 350 ± 50 520 ± 99 9.934 <0.01
5 days 340 ± 50 500 ± 100 3.851 <0.01
10 days 320 ± 50 490 ± 99 9.934 <0.01
Discharge from hospital 310 ± 50 480 ± 90 10.70 <0.01

Alkaline phosphatase (U/L)

Baseline 80 ± 40 100 ± 50 2.024 <0.05
5 days after admission 78 ± 40 98 ± 51 2.000 <0.05
10 days 70 ± 40 95 ± 50 2.530 <0.05
Discharge from hospital 68 ± 35 90 ± 45 2.500 <0.05

Total cholesterol (mmol/L)

Baseline 3:5 ± 1:2 5:0 ± 1:1 5.972 <0.01
5 days 3:3 ± 1:2 4:9 ± 1:0 6.638 <0.01
10 days 3:2 ± 1:1 4:5 ± 0:9 5.928 <0.01
Discharge from hospital 3:0 ± 1:0 4:0 ± 0:9 4.817 <0.01

Note: the independent sample t-test was used to compare the means of two sets of data. P < 0:05 was considered as significant difference between the two
groups.
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supplementation had significant lower incidence rates of
cholestasis [21]. Another study showed that early adminis-
tration of Bifidobacterium reduced the risk for the develop-
ment of cholestasis, improved the feeding intolerance, and
promoted the excretion of meconium in preterm infants
[23]. However, the challenges in the management of the pre-
term infants and prevention of cholestasis, in particular,
those with very low birth weight, still remain [24]. In the
present study, the infants were preterm with very low birth
weight (ages of gestation between 28 and 34 weeks, weighting
fewer than 1500 g) in accordance with the World Health
Organization (WHO) criteria, with extremely preterm (<28
weeks), very preterm (28-32 weeks), and moderate to late
preterm (32-37 weeks).

Bifidobacterium has been detected in fecal samples of
infants at the ages of 3–276 days and is among the
main beneficial bacteria with a minimum concentration
of 1:0 × 107 cfu/g [15]. According to the instructions pro-
vided by the manufacturer, Bifidobacterium supplementa-
tion is used in various dosages/schedules, and the dose for
children aged 1–5 years is 1.0 g/time given 3 times/day. Con-
sidering that the number of Bifidobacterium in the human
body decreases with age, we lowered the dose to 0.5 g/time,
3 times/day for the newborns in the current study, which
was half of the dose for children. Notably, the clinical out-
comes of the infants were satisfactory in our study. We found
that Bifidobacterium supplementation improves enteral
feeding tolerance, time to reach the total enteral feeding,
and other good clinical outcomes in preterm infants with
very low birth weight. It was likely that Bifidobacterium
led to increase in the gastrointestinal motility and gastric
emptying through stimulating the secretion of motilin.
More rapid gastric emptying and reduction of gastric res-
idues may result in improvement of enteral feeding toler-
ance. Moreover, probably owing to these beneficial effects
of Bifidobacterium supplementation, both total serum bili-
rubin and peak bilirubin levels were reduced by the use of
Bifidobacterium supplementation in our study. The pres-
ent study, together with those of others, showed that the
enteral feeding tolerance was improved with the adminis-
tration of Bifidobacterium supplementation [25]. We also
found other beneficial effects of Bifidobacterium supple-
mentation in the preterm infants with very low birth
weight, lowering of peak bilirubin and more rapidly reach-
ing the full enteral feeding.

Our study may have a few potential limitations. First, the
duration of intervention was relatively not long, for which
the long-term safety and efficacy of Bifidobacterium supple-
mentation on the preterm infants with very low birth weight
are unknown. Second, Bifidobacterium trifecta contains
small amounts of Lactobacillus acidophilus and Enterococcus
faecalis. Although these probiotics have been reported to
have little impact on human health [26], it is necessary to
understand their effect on cholestasis through one-way
analysis of variance. Third, we did not examine the fecal
microbiota for bacteria spices, and their association with
metabolizing bilirubin remains to be investigated. Fifth,
despite the apparently preventive and other beneficial
impacts of Bifidobacterium supplementation in the preterm

infants with very low birth weight, the underlying mecha-
nisms will require further in-depth studies.

5. Conclusions

Taken together, we have found the beneficial effects of Bifido-
bacterium supplementation for the management of cholesta-
sis in the preterm newborns with very low birth weight,
possibly through improving the colonization of the beneficial
intestinal bacteria and the enteral feeding tolerance, as well as
decreasing the enterohepatic circulation of bilirubin. The
long-term safety and effectiveness of Bifidobacterium supple-
mentation will need further clinical investigation with longer
duration of intervention in a large sample size.
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