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Abstract Neonatal phototherapy (NNPT), a noninvasive,
easily available therapy, has been widely used for the
treatment of neonatal jaundice for more than half a century.
Its efficiency in decreasing plasma bilirubin concentration is
well documented, and NNPT leads to greatly reduced
exchange transfusion rates for neonates with hyperbilirubinemia. It is generally accepted that the side effects of NNPT are
not serious and seem to be well controlled. This review will
focus on these possible side effects as well as the approaches
to minimize them.
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Introduction
Neonatal jaundice, the yellow coloration of the sclera and skin
caused by hyperbilirubinemia, is one of the most common
conditions confronting neonatologists daily. About 60% of
term and 80% of preterm infants develop jaundice in the first
week of life [74]. Bilirubin encephalopathy is a devastating
brain injury, which can cause permanent neurodevelopmental
handicaps [62]. Fortunately, a noninvasive and easily
available treatment, neonatal phototherapy (NNPT), is
effective in degrading unconjugated bilirubin. Following
the discovery of NNPT in the 1950s, many clinical trials
have addressed its application to neonatal jaundice [42]. In
1985, the National Institute of Child Health and Human
Development reported that NNPT was as effective as
exchange transfusion in preventing neurological sequelae
[26]. Since then, NNPT has been widely adopted as the
initial therapy of choice for hyperbilirubinemia. When
comparing blue, blue-green, green, and white light, researchers found that blue light was the most effective in degrading
bilirubin [94]. Therefore, NNPT with blue light is generally
used in the clinical practice. The spectrum (380–550 nm) of
blue light consists mainly of visible light with a peak at
450 nm and a minor component of ultraviolet (UV) light
[18]. NNPT reduces serum bilirubin levels by converting
bilirubin through structural photoisomerization and photooxidation into excretable products. The principal sites of
NNPT action may localize not only in the skin but also in
capillary circulation under the skin [42]. Recent studies have
shown a possible relationship between NNPT and several
complications. In a multicenter randomized controlled trial
(RCT), aggressive phototherapy may have increased the
mortality among infants weighing 501 to 750 g [69]. These
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findings have drawn the attention of pediatricians to the
potential side effects of NNPT.

Short-term side effects of NNPT
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significantly increased the expression of the Cry1 gene and
decreased the plasma levels of melatonin, altering normal
dark–light circadian rhythms and leading to abnormal
behaviors such as frequent crying and jitteriness. These
results suggest that NNPT should be better timed to
accommodate normal circadian rhythms.

Interference with maternal–infant interaction
Bronze baby syndrome
NNPT separates neonates from mothers, which might
interfere with establishing parent–child bonding. For
infants, NNPT affects neonatal behavior, including visual
and auditory orientation and alertness [1, 45]. For parents,
NNPT causes parental anxiety, excessive medical concerns,
and increased outpatient visits in the first year [88]. Thus,
unless jaundice is too severe, phototherapy can be safely
interrupted at feeding time to allow breastfeeding, parental
visits, and skin-to-skin contact to maintain parent–child
bonding [84].
Imbalance of thermal environment and water loss
Conventional phototherapy changes the thermal environment of infants, which leads to insensible water loss,
hypothermia/hyperthermia, and dehydration [24, 55, 60].
Also, infants might experience intestinal fluid losses from
loose stools during NNPT. An RCT demonstrated that fluid
supplementation in term neonates with severe hyperbilirubinemia could decrease the rate of exchange transfusion
and the duration of NNPT [66]. Therefore, the core
temperature of infants undergoing NNPT should be closely
monitored and appropriate fluid supplementation should be
given when necessary, especially in very low birth weight
infants [24, 66, 97].
Electrolyte disturbance—hypocalcemia
NNPT can lead to decreased total and ionized calcium
levels of neonates, especially in preterm neonates [38, 48].
This effect might be attributable to increased urinary
calcium excretion [43]. In addition, light can affect calcium
homeostasis by inhibiting pineal secretion of melatonin and
consequently leading to hypocalcemia [38]. Fortunately,
only a few hypocalcemic neonates present clinically, and in
almost all hypocalcemic neonates serum levels of calcium
return to normal 24 h after ending NNPT [48]. Therefore,
the benefits of prophylactic calcium to prevent hypocalcemia during NNPT need further study.
Disorder of circadian rhythms
Chen et al. [28] explored the effect of NNPT on the
expression of circadian genes in peripheral blood mononuclear cells of jaundiced neonates. They found that NNPT

Bronze baby syndrome (BBS) is a rare complication
occurring in neonates with a raised conjugated bilirubin
level (cholestasis) undergoing NNPT [33]. The pathogenesis of BBS is unclear. Cu–protoporphyrin metabolism
disturbance and congenital biliary hypoplasia may be
involved in its development [65, 77, 95]. The threshold of
conjugated bilirubin for the syndrome has not yet been
determined since not all babies with cholestasis develop
BBS during NNPT. It is generally believed that BBS is
harmless, and pigmentation returns slowly to normal if
NNPT is discontinued [65]. However, BBS may constitute
an additional risk for developing kernicterus [21]. Thus,
neonates with a mixed (direct–indirect) hyperbilirubinemia
undergoing NNPT should be closely investigated for
underlying BBS.

Possible long-term side effects of NNPT
NNPT and allergic diseases
Mechanisms of NNPT for allergic diseases
With rates of allergic diseases such as asthma and allergic
rhinitis increasing, much interest is currently focused on
their immunologic mechanisms during early development.
Immune competence is considered to be a state of
equilibrium between humoral immunity (Th-2 cells) and
cellular immunity (Th-1 cells). Normally, the immune
system shifts from mainly Th-2 immune responses towards
more Th-1 responses after birth. Environmental stimuli
easily affect immune regulation in early life [23], with a
Th-2/Th-1 switch disorder caused by environmental factors
contributing in many allergic diseases. The evidence that
NNPT inhibits the immune system is supported by findings
that NNPT affects the Th-2/Th-1 switch, ultimately causing
allergic diseases during childhood and later in life. There
are a few possible mechanisms for the Th-2/Th-1 switch
disorder. First, NNPT can significantly increase the levels
of cytokines, including TNF-alpha, IL-1 beta, and IL-8, but
decrease the level of IL-6 in newborn infants [56, 73]. This
change of cytokine levels is thought to be the principal
cause of Th-2/Th-1 switch disorder (Fig. 1). Second, NNPT
directly causes DNA damage to lymphocytes in jaundiced
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compared with 1,338,319 children born at the same time.
NNPT and/or jaundice were also found to be risk
determinants (OR 1.30; 95% CI, 1.16–1.47) for children
who developed asthma before the age of 12. Both studies
indicated an association between NNPT and/or jaundice
and childhood asthma. These findings are interesting and
valuable because the data were obtained in a larger
population and conclusions were drawn after minimizing
the possibilities that there were secondary or other perinatal
risk factors.
Interestingly, a recent study including patients with more
than a 30-year follow-up period has shown that NNPT is
associated with allergic rhinitis and conjunctivitis (P=0.046)
[40]. Since this study group is small, further epidemiological
research with larger groups and multi-center cooperation is
needed to investigate the relationship between NNPT and
allergic rhinitis and conjunctivitis.
The above research is all case–controlled studies with
relatively small OR values, which cannot provide strong
statistical evidence. Thus, final conclusions regarding the
associations between phototherapy and asthma, allergic
rhinitis, and conjunctivitis should be drawn after a welldesigned RCT.

TNF α ↑ DNA damage CD4+ T Cell Complement activation
IL-1 β ↑ of lymphocytes CD8+ T Cell Leukocyte migration
IL-8 ↑
Natural kill cell
IL-6 ↓

Th2

Th1

Immune system disorder

Asthma, allergic rhinitis and conjunctivitis

Fig. 1 Possible mechanisms of NNPT for allergic diseases

infants [12, 85] (Fig. 1). This injury could affect the genes
regulating the Th-2/Th-1 switch and contribute to the
disorder.
UV light, although a small component of NNPT, can
activate the inflammatory pathways, leading to allergy or
autoimmunity disorders [64]. UV light significantly
decreases circulating CD4+ T lymphocyte counts [86],
interferes with CD8+ cytotoxic T lymphocytes [6], and
reduces natural killer cell activity [71]. Therefore, UV light
in NNPT exposure may affect the immune system and lead
to allergy and autoimmunity disorders (Fig. 1).
The effect of NNPT on immune regulation may partly be
due to degrading bilirubin. Unconjugated bilirubin inhibits
complement activation through the classical pathway [16]
and prevents leukocyte migration [51]. A proper increase in
bilirubin levels during the neonatal period protects infants
from oxidative stress and promotes Th2/Th1 switching,
which prevents allergic manifestations in later periods of
life [40]. Thus, interfering with physiological bilirubin
metabolism via NNPT may cause an immune system
disorder (Fig. 1).
NNPT and asthma, allergic rhinitis, and conjunctivitis
NNPT degradation of bilirubin may increase oxidative
stress, a possible risk factor for asthmatic manifestations in
later life [40]. Thus, the decreased bilirubin level induced
by NNPT and the resulting impaired antioxidant defense
may contribute to the development of asthma.
Aspberg et al. [9, 10] explored whether NNPT is a risk
factor for asthma. In their first study, 14,803 children
hospitalized for asthma were compared with 1,386,029
children born at the same time in Sweden. They found that
NNPT and jaundice are risk factors for asthma (OR 1.27;
95% CI, 1.08–1.50). These findings suggest an association
between neonatal jaundice and/or NNPT and hospitalized
childhood asthma. In their second study, 61,256 children,
who were prescribed anti-asthmatic medication under
2 years of age with or without hospitalization, were

NNPT and melanocytic nevi, melanoma, skin cancer
It is estimated that the epidermis may absorb 60% of blue
light irradiation. Melanocytic cells, localized to the epidermis, are easily affected by irradiation with blue light [63].
Neonatal skin has reduced enzymatic activity, low metabolic detoxification, and incomplete immunologic defense,
which increase the sensitivity and vulnerability of neonates
to NNPT [63].
Blue light is toxic to epithelial cells by inducing free
radical production and mitochondrial and nuclear DNA
damage, which facilitate the progress of skin cancer [47,
85]. In addition, the risk of skin cancer may partly be due to
overlap between the spectrum of NNPT and UV radiation.
Approximately 0.3% of the blue light comprises UV
radiation [30]. NNPT with a total UV irradiance of 10.8 to
32.4 J/cm2 was reported to cause ultraviolet burns [81].
Moreover, excessive exposure to UV significantly increases
the risk of malignant melanoma [57]. Fortunately, UV
light is not present in many modern phototherapy devices
such as light-emitting diodes (LED) and fiber optic lights
[61, 78, 79].
Counting melanocytic nevi has been used as the
strongest factor to predict melanoma. Recent clinical trials
have shown the potential impact of NNPT on increasing the
melanocytic nevus count. A high correlation was found
between NNPT and nevus count in 8–9-year-old children,
especially for nevi from 2 to 5 mm (P=0.006). The mean
nevus count was 3.17 per child in the NNPT group,
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compared with 1.23 per child in the control group [63].
Csoma and colleagues [29] investigated 747 schoolchildren
aged from 14 to 18 years who had received NNPT. They
found that NNPT was associated with a significantly higher
prevalence of clinically multiple common nevi and atypical
nevi (OR, 1.43; 95% CI, 1.01–2.03), which is the most
important independent phenotypic risk factor for the
development of malignant melanoma. In a study on
monozygotic twin pairs, twins exposed to NNPT had a
statistically significantly higher number of common and
atypical nevi than those who were not exposed to NNPT
[31].
The relationship between NNPT and skin cancer has
been studied. Berg et al. [20] studied 30 children with
melanoma and 120 control children without melanoma.
They found that all the children with melanoma had not
received NNPT, which suggested that NNPT is not a risk
factor for melanoma. Also, a retrospective cohort study
recently reported that no case of squamous cell or basal cell
carcinoma was observed in 5,868 NNPT-exposed persons.
There is no statistical evidence to show that NNPT is an
excess risk factor for melanoma at present [25].
To ascertain the relationship between NNPT and skin
cancer, further delicate studies containing the following
criteria should be considered. First, studies should be
conducted in different genetic groups such as in nonWhite infants. The above studies were carried out in White
populations who develop melanotic nevi and skin cancer
easier than non-White populations. Second, the follow-up
time needs to be extended. The follow-up time in the above
studies is within 30 years, which is not long enough for an
observation of the development of skin cancer because the
risk of skin cancer is relatively low in persons under the age
of 30 years [25]. However, building a study with more than
30 years of follow-up is very difficult to be achieved
because of the high proportion of lost to follow-up,
unknown confounders in the different ages of the patients,
and financial supports for such long-time trials. Third,
studies should enroll preterm infants who have a relatively
high risk of developing NNPT-related nevi. In the above
studies, there is no independent study for preterm infants.
NNPT and patent ductus arteriosus
It is hypothesized that light can penetrate the thin chest wall
of extremely preterm infants. This penetration is enhanced
while neonates are being exposed to a higher spectral
irradiance of NNPT [87]. The light photon causes the
relaxation of aortic smooth muscle [91] through the activation
of the nitric oxide–cyclic GMP pathway and Ca2+-dependent
K+ ion channels [17]. Therefore, NNPT exerts a relaxing
effect on the smooth muscles of the ductus arteriosus in
neonates, thus reopening the ductus arteriosus [19].
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In addition, abnormal blood flow change after NNPT is
an important risk factor for patent ductus arteriosus (PDA).
NNPT has been reported to alter heart function by
increasing the heart rate and diminishing the variability of
heart rate and cardiac output while affecting blood vessel
function by diminishing the mean arterial blood pressure
and increasing peripheral blood flow [14, 58, 98]. The
alteration of cardiovascular function and the fluid homeostasis after NNPT treatment can affect the closure of PDA.
In 1986, a positive relationship between NNPT and PDA
was firstly reported in premature infants with respiratory
distress syndrome [76]. To determine the relationship of
NNPT and PDA in extremely low birth weight (ELBW)
infants, Barefield et al. [15] analyzed 295 infants with a
birth weight of 501 to 999 g. Infants who received NNPT
(n=128) had a significantly increased incidence of PDA
compared to those not receiving NNPT (76% vs 53%).
Benders et al. [19] designed a study with 27 preterm infants
(gestational age ≤32 weeks, average birth weight <1,400 g),
all of whom had a closed ductus arteriosus before NNPT.
However, the ductus arteriosus were reopened in more than
50% of the infants during NNPT. Therefore, NNPT could
be a risk factor for PDA, especially in the infants with a
birth weight less than 1,500 g.
Further studies are necessary to verify if NNPT is truly
linked to PDA or if some confounding factors may have
biased this result. We should also consider that bilirubin
levels >6 mg/dL are likely to be highly dangerous for most
preterm infants already affected by several concurrent
diseases. A careful balance must be performed in each case
and this is likely to be very often in favor of NNPT [97].
NNPT and retinal damage
The wavelengths of light that are most efficient in
decreasing bilirubin levels are also the wavelengths likely
to produce retinal damage [36]. Recent studies have shown
a protective role of blue light-filtering lenses in human
retinal pigment epithelium exposed to light, illustrating the
toxic effect of blue light [49, 50]. Because photon
absorption is dramatically increased in the retina during
blue light exposure, the susceptibility to light-induced cell
death in the retina is significantly augmented, especially in
premature infants [41].
Although some clinical evidence exists regarding the
association between NNPT and retinopathy of prematurity
(ROP), the basic mechanisms by which NNPT is thought to
damage retina have nothing to do with ROP. ROP is a
multifactorial disease, still not completely understood, in
which free oxygen radicals seem to play a pivotal role [13].
Since bilirubin plays a role as an antioxidant [54],
theoretically, ROP might be mitigated by bilirubin. By
degrading bilirubin, blue light decreases the capacity of
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oxidation resistance and increases the reactive oxygen species
in both the retina and serum [11, 53]. In addition, premature
infants have weaker intracellular defense mechanisms against
oxygen radicals than term infants [90]. Therefore, by
promoting bilirubin excretion, NNPT could decrease the
oxidation resistance in preterm infants and facilitate the
development of ROP.
In a retrospective study of 128 ELBW infants (birth
weight ≤800 g and gestation age ≤27 weeks), 15 infants had
severe visual loss due to ROP. This visual loss was
significantly associated with a low-peak serum bilirubin
concentration and a longer duration of NNPT (OR per 10 h,
1.17; 95 % CI, 1.02–1.33) than what was needed [101].
Also, infants (birth weight 1,000∼2,000 g or gestational
age <34 weeks) with ROP had a significantly longer
duration of NNPT than infants without ROP, which
suggests that NNPT may be involved in the occurrence of
ROP [52]. Recently, Ebrahim et al. [37] studied the role of
NNPT in ROP using 173 newborn infants with a mean birth
weight of 1,680.6 g and a mean GA of 32.2 weeks. They
found that NNPT was related to the occurrence of ROP
(OR=2.405; 95 % CI, 1.04–5.59). However, if the neonates
were between 32 and 36 weeks of gestational age, NNPT
was not related to ROP [39]. Because ROP is an illness
related to immaturity, we think that NNPT may be a risk
factor for the development of ROP in preterm neonates.
Therefore, further trials are required to assess the risk/
benefit ratios of NNPT in different gestational ages. All of

Table 1 The side effects of
phototherapy and strength of
research

the side effects discussed above and the strength of research
are summarized in Table 1.

Minimize the side effects of NNPT
NNPT has been in clinical use for over half of a century.
Its efficacy in decreasing plasma bilirubin concentrations
has been demonstrated by the significantly reduced
exchange transfusion rates. Nevertheless, the exact
mechanisms of NNPT are not yet completely understood.
Furthermore, it is not yet fully known whether NNPT
during the first 2–3 weeks of life will produce long-term
toxicity since only a few clinical studies have been
performed. Thus, we cannot completely exclude the
possibility that long-term side effects could be confirmed
in future clinical studies. On the other hand, since the
side effects of hyperbilirubinemia are known to be toxic,
NNPT remains a cornerstone for treatment.
Because there is no consensus on the level of total serum
bilirubin (TSB) for which therapy should be initiated, the
use of NNPT currently varies widely, especially for preterm
infants [75, 89, 97]. As it is hard to quantify the risk of
bilirubin-associated brain damage, prophylactic NNPT to
prevent infants from bilirubin encephalopathy has been
over-used by neonatologists in clinical practice, possibly
resulting in many unnecessarily irradiated babies in the
neonatal intensive care unit [82]. The best current strategy

Side effect

References

Type of research

Strengtha

Interference with maternal–infant interaction

[1, 88]
[45]
[60]
[24, 55, 66]
[38, 48]
[43]
[28]

Cohort study
RCT
Before–after study
RCT
Before–after study
Cohort study
RCT

2b
1b
2c
1b
2c
4
1b

[33, 95]
[21, 77]
[9, 10]
[40]
[81]
[20, 29, 31, 63]
[25]
[14, 19, 98]
[15, 58]
[76]
[101]
[37, 52]

Case report
Case series
Case–control study
Case–control study
Case report
Case–control study
Cohort study
Before–after study
Cohort study
RCT
Case–control study

4
4
3b
3b
4
3b
2b
2c
2b
1b
3b

Cohort study
Cross-sectional study

2b
4

Imbalance of thermal environment and water loss
Electrolyte disturbance—hypocalcemia
Disorder of circadian rhythms
Bronze baby syndrome
Asthma
Allergic rhinitis and conjunctivitis
Melanotic nevus and skin cancers

Patent ductus arteriosus

a
From Oxford Centre for
Evidence-Based Medicine
( http://www.cebm.net/index.aspx?
o=1025; version current at
February 19, 2011)

Retinopathy of prematurity

[39]
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for NNPT is to use it only when really needed, considering
risks and benefits, and following the officially available
guidelines.
Current guidelines for NNPT issued by the American
Academy of Pediatrics (AAP) are widely accepted in
clinical practice. The AAP guidelines are based on an
extensive review of available evidence. They describe in
detail the mechanism of action, risks and benefits, type of
device, and tips and tricks for NNPT as well as future
research directions [7]. Other guidelines, such as those
issued by the Dutch Pediatric Association [35], European
Society for Pediatric Research [22], Canadian Pediatric
Society [27], the Spanish National Society of Neonatology
[59], and South Africa medical faculties [44] are based on
AAP guidelines. All of these guidelines recommend a safe
approach, with a careful consideration of the risks and
benefits of NNPT, and are largely in favor of NNPT. In
2010, UK’s National Institute for Health and Clinical
Excellence (NICE) published new guidelines for the
assessment and treatment of neonatal jaundice. The guidelines recommend substantial changes to the current practice
for term and preterm infants. The NICE guidelines are
accused of being overly concerned with parental anxiety
and less concerned with medical issues. Since inappropriate
restrictions on exchange transfusion could increase the risk
of kernicterus [32], AAP guidelines are recommended over
NICE guidelines.
Some experts still believe that hyperbilirubinemia in
“healthy” infants without other complications is overtreated
[96], while other experts doubt that the recommended NNPT
guidelines are strong enough to prevent ELBW infants from
developing kernicterus [68]. Kernicterus is not simply related
to TSB levels. An interaction between free unconjugated
bilirubin (UB) and the blood–brain barrier plays an important
role in kernicterus. UB has been used to predict bilirubin
neurotoxicity because UB levels are closely associated with
bilirubin concentrations in the central nervous system [3, 4].
The neurotoxicity of bilirubin is more closely related to UB
levels than TSB levels [5, 102]. Since the current guidelines
for NNPT are based primarily on TSB levels but not UB
levels, predicting the risk of kernicterus with TSB has a high
sensitivity but a low specificity [99]. Thus, new evidencebased guidelines integrating UB and TSB measurements
would better determine whether NNPT is necessary for
jaundiced patients [2, 5, 31].
Theoretically, the side effects of NNPT could partly
depend on its irradiance dose. Unfortunately, no single
standardized method is used for reporting NNPT dosages in
clinical literature, which makes it hard to compare the dose
in published clinical studies [62, 92]. Thus, the irradiance
dose of NNPT should be carefully checked using a standard
radiometer and using an irradiance mapping technique,
taking into account the surface area irradiated [93].
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Fiberoptic phototherapy, a new device using optical
fibers, has been reported to be effective in reducing serum
bilirubin for neonates with jaundice [67]. Infants under
fiberoptic phototherapy can be nursed close to their parents
without mother–infant separation. In addition, because light
from optical fibers is directly delivered to the infant's trunk,
it can avoid retinal injury, ROP, or complications such as
eye irritation, corneal abrasion, and conjunctivitis caused by
eye shield. Therefore, fiberoptic phototherapy is a safe
alternative to conventional phototherapy. Nonetheless,
fiberoptic phototherapy has a low spectral irradiance and a
lower spectral power, as it irradiates a minor body surface.
Therefore, it is not advised for intensive phototherapy in the
most severe cases [7]. LED, as a new light source for
phototherapy, have recently been utilized in phototherapy
units [55]. With a relatively low heat output, LED lights
could avoid the imbalance of thermal environment and
water loss [62]. Furthermore, blue LED lights have a
narrow spectral band that avoids overlap with UV radiation
[55]. Therefore, these unique characteristics of LED can
also reduce the side effect from UV radiation.

Alternative to NNPT
Several agents, such as metalloporphyrins and clofibrate,
have been demonstrated to decrease the need for NNPT
[80, 83]. Metalloporphyrins are competitive inhibitors of
the rate-limiting enzyme, heme oxygenase, in bilirubin
production and can thus prevent the production of excess
bilirubin [83]. Nevertheless, the safety of metalloporphyrins
in clinical practice needs more investigation as only a few
small clinical studies are available at present. Clofibrate, a
hypolipidemic drug, is a glucuronosyltransferase inducer
which accelerates bilirubin elimination. Its effect on reducing
serum bilirubin has been demonstrated in preterm and term
neonates [80]. Since the follow-up time and sample sizes are
limited in these trials, more research with larger sample sizes
and longer follow-up time will be required. Phenobarbitone,
another glucuronosyltransferase inducer, is thought to
decrease jaundice by promoting the excretion of bilirubin
and producing more receptor protein for bilirubin uptake [8].
Phenobarbitone is administered as a treatment for neonatal
jaundice in Asia. Prophylactic oral phenobarbitone has been
shown to decrease TSB but not the use of NNPT [8, 70].
Unfortunately, phenobarbitone has some side effects such as
somnolence and an increased need for mechanical ventilation
in preterm infants [34, 100]. Therefore, the efficacy and
safety of phenobarbitone needs further investigation.
Ideally, the use of new agents including metalloporphyrins and clofibrate may be proposed as an alternative choice
for preventing or treating severe hyperbilirubinemia so as to
reduce the need for NNPT.
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Individual treatment
It is generally accepted that gene–environment interaction
plays an important role in the development of many
diseases. This is also the case in neonatal jaundice. On
the one hand, for individual neonates, the susceptibility to
hyperbilirubinemia and the risk for kernicterus are variable
[40, 99]. On the other hand, different skin colors manifest
different traits to light exposure. This is because skin color
is primarily determined by melanin that is synthesized in
the melanosome [72]. Melanosomes in dark (African) skin
are larger and more heavily pigmented than those in light
(Asian and Caucasian) skins [46]. Since melanin can reduce
the penetration of light, neonates with black skin may need
more intensive NNPT. Thus, truly individualized therapy,
considering that the child’s characteristic and risks are
deemed acceptable, can obtain the most desired benefits.
Based on this indication, genetic and phenotypic targeting
would finally bring rationality to the management of
neonatal jaundice and maximally avoid the overuse of
NNPT.
Therefore, individual dosing of NNPT such as intermittent/continuous NNPT, high/low dose NNPT, and different
types of light sources could be considered in clinical
practice. Hereditary characteristics of infants, severity of
jaundice, and maturity of neonates also need to be
analyzed. To get a truly individual NNPT treatment,
continued pre-clinical exploration and subsequently multicenter randomized control trials are required in the future.
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