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Abstract- There are disparate data regarding whether bilirubin is protective or toxic during free radical
related illness among neonates. Seventy one infants with gestational age (GA) of <32 weeks and/or birth
weight (BW) of <1500 g, who survived beyond 4 weeks and completed physical examinations were enrolled
in this study. The infants were divided into two groups based on the presence or absence of advanced
retinopathy of prematurity (ROP), grade III intraventricular hemorrhage (IVH), grade III necrotizing
enterocolitis (NEC), respiratory distress syndrome (RDS), bronchopulmonary dysplasia (BPD), sepsis or
severe fungal infection (SFI). The mean of total serum bilirubin (TSB) of the first 14 days of life were
measured and compared between these two groups. A significant lower TSB were found in severe form of
ROP (P<0.001), grade 111 NEC (P=0.008), grade III IVH (P=0.021), SFI (P=0.003) and sepsis (P=0.007) in
comparison to mild or disease free status. Moreover, the cut-off point of 5.1 mg/dl for the mean of TSB had
the sensitivity of 88.1% and specificity of 84.6% to detect severe grades of ROP. Also the cut-off point of
3.25 mg/dl had 97.2% sensitivity and 100% specificity in order to distinguish SFI. It is concluded that
bilirubin may play an antioxidant role in vivo as in vitro; and protect preterm infant against these free radical
related disorders. Our findings suggest that not only the upper limits of serum bilirubin, but also the lower
limits must be taking into account in order to both preventing from neurotoxic effects and free radical based

illnesses, respectively.
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Introduction

It is known that during delivery, the newborn infant is
exposed to considerably higher tissue concentrations of
oxygen than during fetal life. Consequently, more than a
fivefold increase in the partial pressure of oxygen occurs
in the arteries and airways, when the infant starts
breathing. Thus, this transition from relative hypoxia to
hyperoxia carries a risk of oxidative injury. However, by
means of increasing their antioxidant enzyme activities
during hyperoxia, healthy term infants tolerate this
sudden hyperoxic challenge (1).

Preterm infants are not merely exposed to relative
hyperoxia at birth during the transition from fetal life to
air breathing, but higher chance for sepsis or undergoing

mechanically ventilation with oxygen supplementation
as part of the treatment of respiratory distress syndrome
(RDS) possesses additional risks meanwhile, previous
studies have shown that premature neonates are unable
to augment their antioxidant enzyme activities when
exposed to hyperoxia (2,3).

On the other hand, there are some evidences that
hyperoxia and oxidative stress are implicated in the
pathogenesis of disorders associated with prematurity.
According to the hypothesis of neonatal oxygen radical
disease, bronchopulmonary dysplasia (BPD),
retinopathy of prematurity (ROP), intraventricular
hemorrhage (IVH), periventricular leucomalacia (PVL),
necrotizing enterocolitis (NEC), and patent ductus
arteriosus (PDA) all represent different manifestations
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of the same disease caused by attacks of free radicals in
premature neonates (4).

Regarding the considerable related mortality and
morbidity of these free radical induced disorders, more
attention have been paid through the role of antioxidants
agents in preterm neonates since recent years. The
possible antioxidant role of bilirubin was firstly shown
by some in vitro studies more than two decades ago (5-
7). Further investigations demonstrated that serum
bilirubin protects against serum oxidative damage in the
first days of life in neonatal Gunn rats exposed to
hyperoxia and proposed serum bilirubin as a potent in
vivo antioxidant (8). However, human studies have
resulted in controversial findings. Despite some
investigations showed a direct protective relationship
between serum level of bilirubin and the potential
antioxidant capacity in term neonates (9), some other
studies have introduced elevated bilirubin as a
considerable risk factor for free radical related illnesses
in preterm neonates specially ROP (10,11). In addition
to the different gestational age of evaluated neonates and
various illnesses, the measured bilirubin was also
another source of these controversial results. As in one
the recent studies, it was shown that elevated peak
bilirubin of two first weeks of life did not protect from
and might be a risk for ROP in very low birth weight
(VLBW) infants (12). It was also recommended that the
mean serum level of bilirubin could be a better index to
be evaluated instead of the peak level (12).

Our aim in this study was to evaluate the role of
bilirubin as an antioxidant for probable protection from
severe ROP, NEC, IVH, respiratory distress syndrome
(RDS), BPD, bacterial and fungal infection in preterm
neonates measuring the mean serum level of it.

Materials and Methods

Patients

This analytical retrospective longitudinal study was
accomplished in the NICU ward of Milad Hospital,
Tehran, Iran during June 2006 till May 2007. Medical
records of all infants with gestational age (GA) of <32
weeks and/or birth weight (BW) of <1500 g, who
survived beyond 4 weeks and completed physical
examinations including ophthalmic exams for ROP were
recruited. In addition, the infants with incomplete follow
up for BPD and ROP, who required exchange
transfusion and with G6PD deficiency or other
documented hemolytic blood disorders and who died
were also excluded. GA was assessed from obstetric
ultrasound and confirmed by clinical assessment of
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infants based on New Ballard Score (NBS). Regarding
the presence or absence of advanced or severe ROP,
IVH, NEC, RDS, BPD, sepsis or SFI the infants were
divided into two groups. This study has been accepted
by the ethics committees of Iran University of Medical
Sciences and Milad Hospital and all researchers
undertook Helsinki’s treaty.

Definitions

Bacterial sepsis was present by either positive blood
culture or cerebro-spinal fluid culture for any pathogenic
bacteria, severe fungal infection (SFI) as positive blood
culture for known fungal species and bronchopulmonary
dysplasia (BPD) was defined based upon NIH workshop
classification (13). Advanced necrotizing enterocolitis
(NEC) was defined as the clinical diagnosis of staff
neonatologist with abdominal X-ray consistent with
grade III modified Bell’s stage (14) and grade III IVH
considered as severe form using Papile classification
(15). Moreover, we defined advanced ROP or surgical
group regarding any location (zone), severity (stage),
plus disease, extent and prethreshold or threshold ROP
which needs surgical interventions according to the
latest AAP guidelines (16).

Assessments

The first ophthalmologic examination was conducted
by expert ophthalmologists at postmenstrual age (PMA)
of 31 to 36 weeks by means of indirect fundoscopy.
Reports and subsequent examinations were performed at
the discretion of ophthalmologist mostly adhere to the
International  Classifications of Retinopathy of
Prematurity (ICROP) and the American Academy of
Paediatrics (AAP) guidelines (16,17). Pupil dilation was
achieved by twice instilling one drop of phenylephrine
1% and one drop of tropicamide 0.5% within a 5-minute
interval. All preterm infants had ultrasound cerebral
examinations for IVH at the third and seventh day of life
(DOL) and were followed up based on our institutional
protocols (18). Severe RDS was our institutional liberal
definition for a clinical and radiographic diagnosis of
RDS severe enough with at least 3 days of first
intubation and mechanical ventilation.

Blood samples were extracted -either through
umbilical catheters or direct peripheral arteriotomy or
venotomy to assess blood stream infections during first
14 days of life. Mean total serum bilirubin (TSB) during
first 14 days of life (Pars Azmoon diagnostic kit, Iran)
was recorded in all preterm infants with GA of <32
weeks and/or BW of <1500 g. Moreover, other
laboratory tests were done if clinically indicated.



Statistical analysis

In descriptive analysis, the parameters such as
frequency, mean, and standard deviation (SD) were
reported. The analytical procedures were performed
using statistical tests. To test the differences between
parametric variable means in two groups of study, the
Independent t-test was wused. Receiver operating
characteristics (ROC) curve analysis was performed to
assess the predictability of either free radical related
disorders including advanced ROP, IVH and NEC,
RDS, BPD, SFI and sepsis with the mean total serum
bilirubin. In addition, the cutoff points were determined
in each ROC analysis. The diagnostic values of each
cut-off points were calculated including sensitivity,
specificity, positive predictive value (PPV) and negative
predictive value (NPV). A One-way ANOVA or
Kruskal-Wallis test was used for inter numeric variables
comparison, Post-hoc test performed to further analyze
and the results were reported with Bonferroni method
adjustment where appropriate. In order to evaluate
between numeric variables correlation, Pearson or
Kendual’s tau statistics were used.

Poisson regression analysis was also used to evaluate
the predictability of the number of free radical related
diseases with the baseline and laboratory variables of the
study. A 5 percent probability of a type I error (two-
tailed), and a power of 80 percent were considered in the
analysis. All reported P-values are two-tailed and a P-
value of <0.05 was considered statistically significant.

Results

Seventy one neonate infants were enrolled in our study.
It was noted that ROP cases were considered the
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advanced or surgical group (n=12) which underwent
retinal surgery by either photocoagulation or
cryotherapy. Consequently, other group was consisted of
non-surgical cases (n=59) including the infants without
ROP or without ophthalmologic findings strong enough
to meet the criteria for retinal surgery.

Baseline characteristics

Among a total number of 138 enrolled neonates, 71
were found to be eligible for our assessment. Mean
gestational age (£ SD) and mean birth weight (= SD)
were 30.17 (= 2.47) weeks and 1234 (= 231) g
respectively. There were 12 (16.9%) infants suffered
from advanced ROP required surgical intervention, 4
(5.6%) from stage III NEC, 4 (5.6%) from BPD, 2
(2.8%) from SFI, 17 (23.9%) from severe sepsis, 2
(2.8%) from grade III IVH and 21 (29.6%) from severe
RDS requiring various degrees of assisted ventilatory
support more than three days.

Total serum bilirubin comparison

All assumed free radical related illnesses were
subjected to be compared splitting severe from mild or
disease free situations regarding mean total serum
bilirubin (TSB). As shown in table 1, the results of
Independent t-test clarified statistically significant lower
TSB in severe form of ROP (P<0.001), grade III NEC
(P=0.008), grade 111 IVH (P=0.021), SFI (P=0.003) and
sepsis (P=0.007) in comparison to mild or disease free
status. Although the mean of measured TSB in RDS
(P=0.342) and BPD (P=0.236) groups were lower than
disease free groups, it didn’t reach statistically
significant level (Table 2).

Table 1. Comparison of mean total serum bilirubin during first 14 days of life between

severe versus mild or disease free status

Disease Severe Mild or disease free P value
Mean £ SD Mean+SD
ROP 4.24+1.08 6.36+1.18 <0.001
IVH 3.75+1.76 6.06+1.36 0.021
NEC 3.93+1.90 6.09+1.33 0.008
SFI 3.10+0.14 6.08+1.33 0.003
Sepsis 5.21£1.57 6.25+1.26 0.007
RDS 5.69+£1.91 6.13+1.12 0.342
BPD 4.20+2.55 6.08+1.24 0.236

Retinopathy of prematurity (ROP), severe fungal infection (SFI), necrotizing enterocolitis (NEC),

intraventricular haemorrhage (IVH), respiratory distress syndrome (RDS), bronchopumlonary

dysplasia (BPD)
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Table 2. ROC curve analysis of total serum bilirubin to differentiate severe form from mild or disease free status.

RDS BPD ROP SF1 Sepsis NEC IVH
Cut-off point (mg/dl) 5.1 3.25 6.05 3.25 5.1
Sensitivity (%) 88.1 97.2 56.4 97.1 77.5
Specificity (%) 84.6 100 77.8 66.7 100
AUC 0.554 0.755 0.922 0.978 0.678 0.818 0.908
PPV (%) 61 75 34 75 61
NPV (%) 96 85 100 85 96
P-value 0.477 0.087 <0.001 0.022 0.028 0.063 0.050

Retinopathy of prematurity (ROP), severe fungal infection (SFI), necrotizing enterocolitis (NEC),
intraventricular haemorrhage (IVH), respiratory distress syndrome (RDS), bronchopumlonary dysplasia (BPD)
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Figure 1. Significant direct correlation between mean of TSB and gestational age of the preterm neonates (P<0.001)

In regard to the number of free radical related
diseases, Kendalls’ tau correlation demonstrates a
significant reverse association between the mean of
TSB and number of diseases (r= -0.275, P=0.004).
Also, a significant positive correlation was found
between gestational age and mean TSB during
first 2 weeks of life (Pearson r=0.443, P<0.001;
Figure 1). Further classification of infants into three
groups based on their gestational age (25-27 weeks, 28-
32 weeks and >33 weeks) revealed significant difference
regarding (TSB: F (2,67)=7.13, P=0.002). Considerable
higher TSB in >33 weeks old infants (7.11£1.40) vs.
25-27 weeks (5.07+1.80, P=0.001) and 28-32 weeks

(5.91£1.15, P=0.016) observed. There were no
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difference considering number of free radical illness
diseases between there groups [X*(2)=2.92, P=0.232].
Surprisingly, two 26 weeks old newborns were
diagnosed with ROP, RDS, BPD, sepsis, NEC and either
grade III IVH or SFI.

ROC curve analysis

Besides, for each free radical based disease, a ROC
curve was graphed, and the level of significance,
area under curve (AUC), the best cut-off point and
diagnostic values were calculated including specificity
(SP), sensitivity (SN), positive predictive value (PPV)
and negative predictive value (NPV) (Figure 2 and
Table 2).
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Figure 2. Comparison of area under curve (AUC) of bilirubin to differentiate most severe type from mild or disease free status of
different diseases derived from ROC curves (A: ROP, B: SFI, C: sepsis, D: NEC, E: IVH, F: RDS, G: BPD)

Table 3. Poisson regression analysis of different variables to predict the number of free radical based diseases in
preterm neonates (P<0.00005)

Variable Coefficient S.E. 95% CI for Exp (B) P-value

Apgar score at 1% minute -0.157 0.075 (-0.305)-(-0.009) 0.037

Mean of total serum bilirubin (TSB) -0.347 0.105 (-0.553)-(-0.141) 0.001"

Constant 2.591 0.486 (1.638)-(3.544) <0.0001"
* Statistically significant
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The ROC curve analysis was considerable significant
for advanced ROP (AUC=0.922, P<0.001), SFI
(AUC=0.978, P=0.022), sepsis (AUC=0.678, P=0.028)
and high grade IVH (AUC=0.908, P=0.050), while BPD
and RDS didn’t reach statistically significant level
(P=0.087 and 0.518, respectively) and advanced NEC
displayed a marginal significance (AUC=0.818,
P=0.063).

As shown in table 3, the cut-off point of 5.1 mg/dl
for the mean of TSB had the sensitivity of 88.1% and
specificity of 84.6% to detect severe grades of ROP.
Also the cut-off point of 3.25 mg/dl had 97.2%
sensitivity and 100% specificity in order to distinguish
SFI. Other diagnostic values of the cut-off points of
mean TSB to detect other free radical based diseases are
listed in table 2.

Poisson regression analysis

In order to predict the number of free radical related
diseases in preterm neonates, Poisson regression
analysis was performed. As illustrated in table 3, Apgar
score at first minute of life (P=0.037) and the mean of
TSB (P=0.001) were found to be significant predictors
in a manner that the lesser the both measurements were
the higher number of illnesses were observed
(P<0.0001).

Discussion

Comparing the mean of total serum bilirubin (TSB)
between the preterm neonates with or without some free
radical related illnesses, our findings revealed a
significantly lower mean TSB in infants with severe
ROP, IVH, NEC, sepsis or SFI during two first weeks of
life. In addition, Poisson regression analysis showed that
mean TSB is the best variable to predict the number of
these free radical based illnesses which would be
observed in preterm neonates. It is elucidated that total
serum bilirubin during first 2 weeks is correlated with
infant GA at which they born. According to our results,
it is concluded that bilirubin may play an antioxidant
role in vivo; and protect preterm infant against these free
radical related disorders.

Aged RBCs will degrade and resultant heme would
be further fragmented into carbon monoxide (CO), iron
and biliverdin by means of exclusive heme oxygenase
enzymatic systems. Thereafter, biliverdin may reduce to
bilirubin with biliverdin reductase (BVR). Hydrophilic
biliverdin undergoes reduction and changes into more
toxic hydrophobic bilirubin (18). The rationale behind
these bizarre energy consuming processing while
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noticing the early physiologic rises in serum bilirubin
during first few days of life, is been a topic of interest
since early 1950 to clarify the gain against the cost (19).
Bilirubin would be oxidized to biliverdin by intracellular
free radicals. Hence BVR is a key enzyme in cellular
antioxidant recycling biliverdin into bilirubin, thus
enhancing defense mechanism. Since then, various
researches  attempted to  investigate  proposed
antioxidative role of bilirubin in many oxidative stress
related morbidities such as myocardial infarction,
coronary heart disease, amyotrophic lateral sclerosis,
atopic dermatitis, cancer and peripheral vascular disease
(19). Study of the clinical relevance conducted by
Benaron et al. in terms of circulatory failure, sepsis,
aspiration and asphyxia among neonates revealed
significant lower initial rise in serum bilirubin than
infants which did not suffer from such oxidative
diseases (20).

A few in vivo investigations have been previously
evaluated the association between serum bilirubin and
these three free radical based illnesses in one study. We
displayed that except for RDS and BPD, there was a
significant lower TSB observed in the infants suffer
from severe NEC, IVH, sepsis, SFI compared to infants
with the milder form of mentioned disease. Hegyi ef al.
found significant lower levels of bilirubin in preterm
infants diagnosed with RDS, IVH, BPD and NEC than
those without these oxygen-related illnesses (21).
Moreover, as mentioned before, in a study by Milner
et al. (12) with a similar study population in the
year 2003, it was indicated that elevated peak bilirubin
levels were not protective against severe ROP.
Even it was shown that while controlling for weight and
IVH, peak bilirubin was indeed a risk factor for
severe ROP. However, Milner et al. (12) have
further declared that peak bilirubin levels were not
associated with increased risk for ROP in the subgroup
of infants with prolonged oxygen requirement. As an
explanation, they added that sicker infants might be less
capable of mounting an effective response to free radical
insult by upregulating bilirubin production. Another
could be increased consumption of bilirubin in this
population. They finally concluded the causal relation
between oxygen requirement and ROP may obviate
variations in bilirubin levels. One of the major
differences between the study of Milner et al. (12) and
ours is the measured index of serum bilirubin; in a
manner that we evaluated the mean TSB instead of peak
bilirubin. In fact, mean bilirubin levels over time may
better correlate with the amount of antioxidant activity
that bilirubin is exerting on a particular infant; while,



peak bilirubin levels may not correlate with such
antioxidant activity.

Our study supported the beneficial role of bilirubin
against ROP which is in agreement with earlier
researches (22,23) while opposed by other reports
(12,24-27). Total antioxidant capacity was found to be
correlated with bilirubin level notably in term infants
and to a lesser degree among preterm infants probably
due to their immature immune system (9), nevertheless,
Hammermann et al. showed that total antioxidant
activity (TAA) is correlated to serum bilirubin level in
preterm infants although not correlated to GA (28). We
demonstrated that higher bilirubin level is maintained in
first 2 weeks by infants born with higher GA; lacked
simultaneous TAA measure, although first day bilirubin
and elevation is not considered in this study and may be
considered as other limitations of the study.

Other previous studies on the relationship between
serum bilirubin and ROP have mostly focused on the
population of term infants, adults and animals. In a large
study of term infants, neonates who encountered adverse
peripartum events had their initial bilirubin levels
significantly lower than those who did not (20).
Similarly, in another study by Belanger et al. (29), the
protective antioxidant role of bilirubin was demonstrated
in term infants. Moreover, experimental investigations
in neonatal Gunn rats exposed to hyperoxia
demonstrated that serum bilirubin protects against serum
oxidative damage in the first days of life (8).

Other than the study of Milner et al. (12), other
investigations in premature neonates have been led to
various and somehow controversial findings which
mostly showed non-protective to slightly antioxidant
role of serum bilirubin that was not as strong as its role
in term infants or adolescents (10,11,24,30). In contrast,
an approximately strong protective role of mean TSB in
some free radical related disorders’ including ROP was
detected in preterm infants.

Regarding the literature review, most studies on the
probable antioxidant role of serum bilirubin in free
radical based illnesses of neonates have evaluated ROP
more than other disorders.

Similar to ROP, our findings show that the mean
TSB of preterm neonates are also significantly lower in
infants with IVH or NEC in comparison with other
groups of no free radical illnesses. In a recent study of
388 newborn infants by Lee ef al. in 2009 (31), a lower
total bilirubin levels was detected in neonates with IVH,
identical to our results.

Performing an experimental study on rat intestine,
Hammerman et  al (32) concluded  that
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hyperbilirubinemia ameliorates the extent of intestinal
ischemia-reperfusion injury in animal model (similar to
NEC) and appears to act as an antioxidant. This study
supports the concept that bilirubin possesses some
beneficial antioxidant properties in vivo. Interestingly,
they observed less histopathologic and biochemical
evidence of damage in the intestinal mucosa of
hyperbilirubinemic animals. Moreover, like our study,
the measured index of bilirubin concentration was the
mean TSB in their investigation (32). Also in a human
study on extremely low birth weight infants by Oh et al.
(33), it was shown that NEC was not significant risk
factors for neurodevelopmental impairment (NDI);
although peak serum bilirubin concentrations during the
first 2 weeks of life were directly correlated with death
or NDI.

Sepsis and severe fungal infection (SFI) were
also the other free radical based conditions which
were evaluated in our study. Similar to the others,
mean TSB was also significantly lower in preterm
infants with severe sepsis or SFI. There are
some previous data showing that bile pigment is
consumed in vivo as an antioxidant in septic infants
(20). Furthermore, by an experimental study Wang et al.
(34) revealed that a single intravenous bolus injection of
bilirubin protects against mortality and liver dysfunction
induced by E. coli endotoxin administration in
rats. More recently, in another experimental study by
Lanone et al. (35), it was shown that a sustained
increased level of bilirubin reduces the mortality
induced by endotoxin inoculation in rats. Interestingly,
increased concentrations of bilirubin  oxidative
metabolites were also shown in the urine of septic
adult patients, suggesting the consuming of
bilirubin during the oxidative stress in septic condition
(36) which confirms the results of previous animal study
37).

Although the mean of TSB were not significantly
different in neonates with and without two other
diseases including severe RDS and BPD; however, the
lower level of mean bilirubin was also detected in
neonates with severe RDS and BPD and the calculated
power was achieved as 47.2% and 97.6%, respectively.
This shows that a significantly lower mean TSB in
neonates with RDS might probably be shown with a
higher sample size.

Despite the controversial findings of different studies
in this subject, it is now accepted that bilirubin is one of
the body's natural antioxidants, contributing up to 10%
to 30% of the total antioxidant capacity of premature
infants (28,38).
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Bilirubin is one the extracellular component contains
preventive antioxidants (39) which also can act as
preventive antioxidants in plasma as a chain-breaking
one (28,40). During the first postnatal days, when
general antioxidant defenses are reduced, serum
bilirubin is physiologically increased, implying some
beneficial role for this physiological hyperbilirubinemia
(28) which has been proposed to protect against
oxidative injury. Therefore, it is still well accepted that
bilirubin is a potent in vitro and in vivo antioxidant
(41,42) and it exerts this properties against lipophilic
reactive oxygen species cooperatively with glutathione
(GSH) which defend against water soluble oxidants
collectively constitute major intracellular antioxidant
system (43), although disapproved by one recent study
(44). Besides previously mentioned reductase activity of
BVR, recently a new feature of this protein evolved in
cell growth and apoptosis control and probably in
pathogenesis of diabetes and cancer proposed (45).
Thus, the complex of BVR, biliverdin as the substrate
and bilirubin as the product may be re-testified
according its various mentioned capacities. Weather
oxidative stresses consume (8,28) antioxidants or induce
(10) them is still matter of debate.

Furthermore, bilirubin could be consumed by
oxidative stresses that occur early in life and its
production may also be upregulated in response to free
radicals (46). As a result, the balance between
consumption and upregulation may yield some
conflicting data. This may explain why some studies
have found peak bilirubin to be associated with
increased risk of severe ROP. There are also some
evidences which propose that the protective effect of
bilirubin could be related to the decrease in expression
and activity of the inducible NO synthase (NOS2)
(34,35). This relationship between the increase in
bilirubin levels and the attenuation of the NO pathway is
also supported by the strong negative correlation found
between plasmatic bilirubin and nitrite/nitrate levels
which are a consequence of the potential scavenging
activities of bilirubin toward reactive nitrogen species
(35).

On one hand, bilirubin is toxic to neurons at high
concentrations; on the other hand, it has proven to be
neuroprotective against oxidative injury at nanomolar
concentrations (47). In the other words, although very
high levels of serum bilirubin are known to be toxic,
there is uncertainty about the risks and benefits of
moderate serum bilirubin values such as physiological
hyperbilirubinemia and of the use of phototherapy to
reduce the bilirubin values especially in preterm infants.
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We support that parallel to physiological bilirubin
elevation during early neonatal period probably to
compensate for impaired immunity especially among
premature infants, free radical related illness may further
attenuates antioxidant system by utilizing bilirubin. Our
findings adds support to the concept that bilirubin may
possess some beneficial as well as toxic properties. Until
now most studies tried to determine the appropriate
threshold to commence therapy for reducing the level of
serum bilirubin; therefore, they have focused on the
upper limits of this concentration. Whereas, we have
aimed to assess and introduce the lower limits for blood
circulating level of billirubin mostly attached to
hemoglobin. The founded association between
decreased mean level of TSB and the increased
incidence of some free radical based illnesses such as
ROP, IVH and NEC, RDS, BPD, sepsis and SFI
proposed that bilirubin may play an antioxidant role in
vivo as in vitro even in preterm infants. We found out
that the mean TSB of more than 5.1 significantly affect
the prevalence of ROP, and so our recommendation is to
stop lowering TSB whenever reach this cutoff point.

Our study had some limitations including relative
small sample size and retrospective designing. Most
human studies of bilirubinemia and free radical
associated diseases have been designed as retrospective
and observational investigations. Therefore, as clinical
diseases are multifactorial and potential risk factors
cannot be controlled for in retrospective studies, results
remain contradictory and inconclusive. Thus, there is a
need to perform more prospective studies controlling for
the confounders, too. More researches to direct
comparison of total and specific antioxidant capacity
between preterm and term infants in terms of serum
level of antioxidants, fluctuation and detailed total and
indirect bilirubin level in early life is still needed.
Moreover, precise elucidation of intracellular GSH
enhancement with safe and available N-acetylcysteine in
aspects of molecular and clinical improvement during
free radical illnesses course may be both helpful and
interesting. There are controversies about photo
oxidation and DNA damage after phototherapy in
newborns and whether it is safe or not (48,49). It is
postulated that higher bilirubin concentration is
correlated with higher antioxidant capacity (29,50).
Shahab et al. in 2008 (51) described a concentration
dependent pattern of antioxidative properties of bilirubin
that rationalized earlier study by Dany et al. in 2003
(52). They concluded that antioxidant role of bilirubin at
higher plasma levels may hampered plausibly by
concomitant release of oxidant via heme oxygenase



complex activity. In addition, bilirubin as an antioxidant
may attenuate bactericidal activity of neutrophils which
is hazardous especially in septic infants (53).

However, our findings suggest that not only the
upper limits of serum bilirubin, but also the lower limits
must be taking into account in order to both preventing
from neurotoxic effects and free radical based illnesses,
respectively. According to our study, it is recommended
that more judicious lowering of bilirubin in preterm and
very low birth weight infants may protect them from
free radical based disorders. It seems that continuous
transcotaneous checking of end-tidal CO, concentration
may be useful to monitor serum bilirubin more often.
Moreover, it is suggested to evaluate the effects of other
antioxidant such as vitamins C and E and N-
acetylcysteine in preventing the free-radical related
diseases of preterm neonates.
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