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Abstract. Phototherapy is universally recognized as the
first option for treating neonatal jaundice due to its unpar-
alleled efficiency and safety in reducing the high serum
free bilirubin levels and limiting its neurotoxic effects.
However, several studies have suggested that phototherapy
may elicit a series of short- and long-term adverse reactions
associated with pediatric diseases, including hemolysis,
allergic diseases, DNA damage or even cancer. The aim
of the present review was to summarize the etiology,
mechanism, associated risks and therapeutic strategies for
reducing high neonatal serum bilirubin levels. In order to
shed light on the negative effects of phototherapy and to
encourage implementation of a reasonable and standard-
ized phototherapy scheme in the clinic, the present review
sought to highlight the current understanding of the adverse
reactions of phototherapy, as it is necessary to further study
the mechanism underlying the development of the adverse
effects of phototherapy in infants in order to explore novel
therapeutic alternatives.
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1. Introduction

Neonatal jaundice is present in >50% of full-term newborns
and it is more serious in late-preterm infants (1,2). Neonatal
jaundice may be classed as physiological or pathological (3,4)
and is principally caused by an increase in serum bilirubin
during the neonatal period, which causes yellow discoloration
of the skin, mucous membranes and sclerae (5). Neonatal
hyperbilirubinemia is caused by an increase in blood bilirubin
levels above the normal range. An increase in the levels of
unconjugated bilirubin is the most common manifestation of
neonatal jaundice.

Although there are several treatment schemes available
in the clinical setting, blue light is generally the preferred
choice for preventing the development of bilirubin encepha-
lopathy or nuclear jaundice caused by excessive accumulation
of unconjugated bilirubin (6,7). A high serum level of free
bilirubin may cause neurotoxicity, but mildly elevated bili-
rubin concentrations are beneficial due to their protective
antioxidant role in cell membranes, while markedly low
concentrations may also be harmful (8,9). However, during
the treatment of neonatal hyperbilirubinemia, the level of
free bilirubin in the serum is decreased, which may weaken
the protective effect of bilirubin on the cell membrane, thus
making the cell membrane susceptible to injury and causing
cell apoptosis. This injury may be associated with the oxida-
tive stress induced by phototherapy, or with the upregulation
of the BAX gene, which promotes apoptosis induced by
phototherapy (10).

Moreover, accumulating evidence in recent years has
indicated that phototherapy may elicit a series of adverse
reactions, including DNA damage (11), cancer risk (12) and
mortality (13). Since the mechanism underlying certain
phototherapy-induced adverse effects remains unclear,
additional in-depth studies are required. Furthermore, novel
treatments must be designed to prevent serious harm to
newborns.
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2. Neonatal hyperbilirubinemia

Etiology. During the neonatal period, several factors, including
preterm birth, exclusive breastfeeding, infection (such as
pulmonary and skin infections), hemolysis (due to blood type
incompatibility), internal bleeding (such as cranial hematoma),
hypoxia, acidosis, hypoglycemia and genetic factors (4), repre-
sent common causes of elevated plasma bilirubin levels (14,15).

Pathogenesis. Aging red blood cells are recognized
and phagocytosed by mononuclear macrophages in the
circulation, which then release hemoglobin. The released
hemoglobin is decomposed into two major components,
globin and heme; heme is catalyzed by heme oxygenase
to create biliverdin, which is then reduced to bilirubin by
biliverdin reductase (16). The bilirubin produced during
this process is referred to as unconjugated bilirubin, and the
majority of the bilirubin produced daily in healthy individ-
uals is derived from this pathway (17). Free bilirubin is first
bound to plasma albumin and then transported to the liver
as a bilirubin-albumin complex. Subsequently, bilirubin is
first separated from albumin and is then taken up by hepato-
cytes. It is then combined with ligandins (Y and Z proteins),
thus forming the bilirubin-ligand complex, and is then
transported to the smooth endoplasmic reticulum of the
hepatocyte, where it is conjugated with glucuronic acid to
form conjugated bilirubin (1). Conjugated bilirubin, which
is characterized by strong water solubility, is then secreted
by hepatocytes into the bile and drained into the small intes-
tinal lumen. Under the action of intestinal flora, conjugated
bilirubin is hydrolyzed and reduced to generate bilinogen,
the majority of which is excreted in the feces, while a small
quantity of bilinogen is reabsorbed into the circulation by
intestinal mucosal cells. The majority (~90%) of the reab-
sorbed bilinogen is discharged into the intestinal cavity with
bile, forming the enterohepatic circulation of bilinogen (18),
whereas only a small amount (~10%) enters the systemic
circulation, passes through the kidneys and is excreted in the
urine (Fig. 1).

The number of bacteria in the infantile gut is very low, and
the bilirubin that enters the small intestine is not metabolized
by bacteria, but is rather excreted directly in the stool; however,
disruption in bilirubin liver uptake and/or binding ability, or
obstruction of bilirubin excretion (for example, due to hepatitis
or biliary atresia) during the neonatal period lead to an excess
of plasma bilirubin (19,20). Therefore, increased bilirubin
levels caused by abnormal processing by the liver and/or
blocked excretion disrupt the balance between the production
and elimination of bilirubin, which may be key factors causing
neonatal hyperbilirubinemia (21). Furthermore, the pathogen-
esis of neonatal hyperbilirubinemia may be associated with
infection, hypoxia leading to decreased glucuronic transferase
activity, congenital deficiency of glucose-6-phosphate dehy-
drogenase, mutation of the uridine diphosphate glucuronic
acid transferase 1A gene and perinatal factors, such as preterm
birth and/or the use of oxytocin (22).

Neurotoxicity. As free bilirubin is lipid-soluble, it can cross
the blood-brain barrier (23). However, the neonatal ability to
take up, conjugate and excrete bilirubin is poor, particularly

in premature infants with an immature blood-brain barrier.
When excessive amounts of free bilirubin cross the blood-brain
barrier, they may form deposits in the globus pallidus,
cerebellum, thalamus, hippocampus and other parts of the
brain, thereby causing severe neurotoxicity (24,25), acute bili-
rubin encephalopathy (26) or kernicterus, which may lead to
chronic and permanent damage of the nervous system (27-30).
Children with nuclear jaundice often suffer from permanent
neurological sequelae, such as paralysis, epilepsy, deafness,
speech and motor dysfunction (31-34), potentially even leading
to death (35,36).

Treatment. To prevent the serious damage to the nervous
system caused by free serum bilirubin, early detection
and timely intervention are crucial. In clinical practice,
liver enzyme inducers, albumin, intravenous immunoglob-
ulin (37), phototherapy (38) and blood exchange therapy (39)
are the treatments mainly used for neonatal hyperbilirubi-
nemia. Phototherapy is widely used, and blue light therapy is
currently employed to treat neonatal jaundice in the majority
of countries, including China. Blue light is employed
mainly because bilirubin absorbs light, particularly on the
blue part of the spectrum, near the main wavelength peak
of 460 nm (40,41); in addition, compared with green and
ultraviolet (UV) light, bilirubin molecules absorb blue light
more readily (3). Furthermore, although UV light accounts
for a small proportion (~0.3%) of the traditional blue-green
phototherapy, when the skin is exposed to UV light, the
pro-inflammatory pathway of the skin's immune system is
activated, which increases the production of inflammatory
factors and triggers an autoimmune response. In addition,
genes can easily mutate upon exposure to UV light, which
may increase the risk of cancer (42,43). Phototherapy is a
simple, convenient, non-invasive and effective method for
scavenging unconjugated plasma bilirubin. Exchange trans-
fusion therapy, which is generally performed after failure of
phototherapy (44), may lead to severe complications, such
as embolism, sepsis, necrotizing enterocolitis or even death.
Therefore, phototherapy may alleviate the need for blood
exchange therapy, and is often the preferred treatment for
neonatal hyperbilirubinemia, which is mainly caused by
increased levels of unconjugated bilirubin (45).

Upon exposure to light, non-polar unconjugated bilirubin
(Z,Z-bilirubin) in the skin is converted to water-soluble bili-
rubin isomers (Fig. 2), including Z ,E-bilirubin, E,Z-bilirubin,
E,Z-cyclobilirubin and E,E-cyclobilirubin; the former two are
configurational isomers, while the latter two are structural
isomers (46,47). Furthermore, certain photooxidation reactions
occur (48), which convert free bilirubin into colorless polar
molecules. These water-soluble substances can be directly
excreted from the body in the bile or urine (47,49), thereby
attenuating the unconjugated plasma bilirubin to prevent the
development of bilirubin-induced encephalopathy (48).

However, phototherapy used for neonatal hyper-
bilirubinemia may compromise the protective barrier of
the skin. A series of studies have demonstrated that photo-
therapy also evokes numerous serious adverse reactions in
newborns (13,42,50,51). To implement a reasonable and stan-
dard phototherapy strategy in the clinical setting, the negative
effects of phototherapy are summarized in Tables I and II.
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Figure 1. Schematic illustration of bilirubin metabolism. Aging red blood cells are recognized and phagocytosed by mononuclear macrophages in the circula-
tion, which then release hemoglobin. The released hemoglobin is catabolized to produce heme, which is then reduced and oxidized to bilirubin. Bilirubin
formed by this process first binds to plasma albumin and is then transported to the liver as a bilirubin-albumin complex. Next, bilirubin is first separated
from albumin and then taken up by hepatocytes. Subsequently, it is combined with ligandins (Y and Z proteins) to form a bilirubin-ligand complex, and is
then transported to the smooth endoplasmic reticulum of the hepatocyte, where is conjugated with glucuronic acid to form conjugated bilirubin. Conjugated
bilirubin is then released into the intestine with bile, hydrolyzed and reduced to generate bilinogen, the majority of which is excreted with the feces, while a
small quantity of bilinogen is reabsorbed into the circulation by intestinal mucosal cells. The majority (~90%) of the reabsorbed bilinogen is discharged into
the intestinal cavity with bile, forming the enterohepatic circulation of bilinogen, whereas only a small amount (~10%) enters the systemic circulation, passes
through the kidneys and is excreted in the urine.
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Figure 2. Mechanism of action of phototherapy for neonatal hyperbilirubinemia. Upon exposure to light, non-polar unconjugated bilirubin (Z,Z-bilirubin) in
the skin is converted into water-soluble bilirubin isomers, including Z,E-bilirubin, E,Z-bilirubin, E,E-bilirubin, E,Z-cyclobilirubin and E,E-cyclobilirubin.

3. Adverse reactions of phototherapy for neonatal
hyperbilirubinemia

Acute adverse reactions

Interference with mother-infant interaction. It was previ-
ously reported that mothers caressing infants is a major factor
contributing to their psychosomatic development (52). Current

treatments for jaundice in the newborn usually require sepa-
rating the newborn from the mother. Apart from cases with
severe jaundice, phototherapy may generally be interrupted to
allow breastfeeding or parent visitations, so as to enable skin
contact and mother-infant interaction and reduce the anxiety
of the parents (53). In addition, phototherapy may temporarily
affect the vision, hearing and alertness of the newborn (54).
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Table II. Late adverse reactions to phototherapy in neonatal hyperbilirubinemia.

(Refs.)

Preventive measures

Targets

Signal molecules

Underlying mechanisms

Late adverse reactions

(8,42,90-100)

Intermittent phototherapy applied

when possible

Correlation regulatory

Oxidative stress induced by
phototherapy damages the relevant

regulatory genes of Th2 to Thl

Phototherapy and
allergic diseases

genes converted from

Th2 to Thl

conversion, resulting in disrupted

Th2 to Thl conversion

(10,11,41,50,

Intermittent phototherapy applied
when possible to reduce oxidative

stress

DNA of the mitochondria

BCL?2 gene,

May be associated with production of

oxygen free radicals, BCL2

DNA damage by
phototherapy

100-106)

and nucleus

BAX gene
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downregulation and BAX upregulation
May be associated with oxidative

(12,51,
107-112)

Intermittent phototherapy applied when

possible to reduce oxidative stress
associated with tumorigenesis

Phototherapy and tumor

stress

(13,113-115)

Intermittent phototherapy applied

May be associated with

oxidative stress

Phototherapy and infant

mortality

when possible to shorten the duration

of light exposure

Alteration of circadian rhythm. It has been reported that
brain and muscle ARNT-likel (Bmall) and cryptochrome 1
(Cryl) are two major circadian rhythm genes expressed in
neonatal peripheral blood monocytes (55). Chen et al (56)
reported that, after phototherapy, the expression of Bmall
decreased in peripheral monocytes of neonates, whereas the
expression of Cryl was significantly enhanced, whereas the
plasma melatonin, which is involved in the regulation of the
circadian rhythm (57,58), was downregulated. In addition, it
has been reported that newborns receiving phototherapy have
more frequent crying episodes compared to those receiving
no therapy for clinical jaundice, which may be associated
with changes in the circadian rhythm during neonatal photo-
therapy (56).

Dehydration. Dehydration may occur during phototherapy,
particularly in premature infants. By measuring the skin
moisture content of premature infants before and after photo-
therapy, Maayan-Metzger et al (59) found that the mean skin
moisture loss increased by 26.4% during phototherapy, with
the most significant loss observed in the elbow socket, groin
and back. The warming effect of conventional phototherapy
increases water loss from the body surface, while light-emit-
ting diode (LED) phototherapy, which is currently widely
used, causes less water loss. Additionally, phototherapy may
cause excessive bilirubin decomposition, which is excreted
through the intestine, thus stimulating the intestinal wall and
altering the transmembrane potential difference across the
epithelium (48), thereby causing diarrhea with consequent loss
of water, sodium and potassium (18,60).

Hypocalcemia. Following neonatal phototherapy, the serum
level of total free calcium is often diminished, leading to
hypocalcemia, the incidence of which is higher among prema-
ture infants compared with that among full-term infants (61).
The mechanism underlying the development of hypocalcemia
driven by phototherapy remains unclear, but it may be associ-
ated with increased excretion of calcium in the urine during
phototherapy. It may also be caused by light passing through
the skull, which exerts an inhibitory effect on the pineal gland,
thus leading to decreased melatonin secretion, which in turn
leads to a decrease in cortisol secretion, thus enhancing the
absorption of calcium by bone tissue and causing a decrease
in blood calcium levels (62,63). Therefore, it has been hypoth-
esized that hypocalcemia may be alleviated by wearing
protective headgear during phototherapy (64,65). Moreover,
to avoid severe complications caused by hypocalcemia, such
as convulsions, laryngeal spasm or apnea (66), blood calcium
levels should be closely monitored during phototherapy, and
calcium supplements should be administered when necessary.

Rash. Certain newborns develop petechiae and skin rashes
from phototherapy, which gradually fade when phototherapy is
discontinued. Petechiae may be associated with light-induced
thrombocytopenia (67); thus, the platelet count should be
closely monitored during phototherapy. A small number of
infants with cholestatic jaundice develop purpuric rash and
bullous eruptions after phototherapy, which may increase the
total circulating porphyrin levels (68). Since bilirubin may act
as a photosensitizer, children with congenital porphyria or a
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family history of porphyria may develop severe blisters due to
enhanced photosensitivity; thus, phototherapy is an absolute
contraindication in these patients (69).

Bronze baby syndrome. The bronze baby syndrome is an
irregular pigmentation resulting from phototherapy in newborn
infants with neonatal jaundice that is mainly noticeable in the
skin, mucous membranes and urine, and generally occurs in
neonates with elevated serum conjugated bilirubin levels (70).
However, the reason for this phenomenon remains unclear; it
may be associated with the accumulation of photoisomers of
bilirubin in the body (47) and pigmentation may be caused
by the deposition of biliverdin (71). Obstructive jaundice and
hepatic insufficiency are more likely to predispose to this
syndrome (47).

Hemolysis. The occurrence and aggravation of hemolysis
may also be associated with phototherapy. Since the neonatal
antioxidant capacity is weak and phototherapy may increase
oxidative stress in infants with neonatal jaundice, this may
reduce the levels of antioxidants, such as reduced glutathione
and ascorbic acid (72), leading to an imbalance of the oxidative
and antioxidant defense system in the neonatal body (73,74),
with alterations of the erythrocyte membrane structure and
ensuing hemolysis (41). Phototherapy leads to an increase
in lipid peroxidation of erythrocyte membranes, which can
aggravate hemolysis. Furthermore, the loss of riboflavin
resulting from phototherapy may reduce the activity of eryth-
rocyte glutathione reductase and induce hemolysis.

Effect of phototherapy on hemodynamics. Phototherapy
may also cause hemodynamic changes (75). In response to
phototherapy, photoreceptors in blood vessels may promote
the generation of nitric oxide (NO), which can cause vascular
smooth muscle relaxation (76). NO can activate guanylate
cyclase (GC); when GC is activated, its catalytic intracel-
lular domain can catalyze the decomposition of guanosine
triphosphate, which leads to an increase in cyclic guanosine
monophosphate (cGMP) levels in the cytoplasm and causes
vascular smooth muscle relaxation through the cGMP-protein
kinase A pathway (77). Liu et al (78) reported that photo-
therapy may affect the levels of endothelin (ET) and NO in the
blood, thus altering the hemodynamics of premature infants.
However, hemodynamic homeostasis is normally maintained
by two important vasoactive substances, ET and NO. When
the NO:ET ratio increases, it causes vasodilation and low
blood pressure; when the arterial blood pressure decreases, the
body adjusts through the baroreceptor reflex negative feedback
loop, which weakens the reflex, thereby increasing heart rate
and blood pressure (79).

Patent ductus arteriosus. Functional closure of the ductus
arteriosus usually occurs immediately after birth. However,
the ductus arteriosus may fail to close in infants who receive
phototherapy. A prospective study investigating the associa-
tion between phototherapy and patent ductus arteriosus (80)
reported that phototherapy greatly increased the incidence of
patent ductus arteriosus among children with markedly low
birth weight. In a study by Benders et al (76), >50% of prema-
ture infants receiving phototherapy were diagnosed with

patent ductus arteriosus, the re-opening of the ductus arte-
riosus may be evoked by blue light penetrating the chest wall
of the premature infant and causing relaxation of the smooth
muscle of the cardiovascular system (such as the ascending
aorta, left pulmonary artery and ductus arteriosus) by acti-
vating the Ca?*-dependent K* channel (81). The patent ductus
arteriosus can shunt blood from the aorta to the pulmonary
artery, significantly increasing the blood volume in the pulmo-
nary circulation and increasing the load on the left heart, thus
leading to complications such as congestive heart failure or
even death (82,83). It has been reported in the literature that
appropriate shielding of the chest during phototherapy may
reduce the incidence of patent ductus arteriosus induced by
phototherapy (84). However, some researchers disagree with
this preventive measure (85).

Retinal injury. Retinal damage represents another challenge
associated with phototherapy for neonatal jaundice (86).
The light-sensitive retinas absorb photons more readily
when exposed to blue light, which is the most effective at
degrading bilirubin. Following continuous or stronger blue
light irradiation, the retinal function degenerates due to a
significant increase in retinal cell death rate (87,88). However,
a previous study reported no significant association between
phototherapy and permanent eye damage in children (89). The
association between phototherapy and retinal injury requires
further investigation in the future.

Late adverse reactions
Phototherapy and allergic diseases. Eosinophilic cationic
protein (ECP) is the basic protein released by eosinophilic
granulocytes (90) and serves as an indicator of the activation
of eosinophilic granulocytes, which play a crucial role in
allergic and immune reactions. By measuring the serum ECP
level of neonates with hyperbilirubinemia before and after
phototherapy, a previous study revealed that the ECP level
after receiving LED phototherapy was significantly higher
compared with that before phototherapy [median, 37.5 vs.
16.3 ng/ml (range, 5.4-192.0 vs. 3.6-106.0 ng/ml), respectively;
P=0.006], which suggested that children with hyperbilirubi-
nemia who had received phototherapy were more likely to
develop allergic conditions in the future (91). However, allergic
diseases are often associated with an abnormal immune system
function, in which helper T (Th) cells play a crucial role. Th
cells are generally divided into Th1l and Th2 cells. Thl cells
are mainly involved in delayed hypersensitivity reactions and
cellular immunity, while Th2 cells are primarily involved in
humoral immunity and facilitation of antibody production by
B cells. The immune system normally switches from a Th2 to
a Thl immune response during the neonatal period (92).
Glutathione is a known antioxidant that is hydrophilic and
prevents oxidation of water-soluble proteins, thereby protecting
substances in the cytoplasm (93). It was previously reported
that bilirubin has physiological properties that complement
those of glutathione in cellular defense by protecting the cell
membrane (94). By contrast, bilirubin is lipophilic. Under
physiological conditions, bilirubin is a natural antioxidant
and has cytoprotective properties (95). It can prevent lipid
peroxidation of cell membranes caused by hydroxyl radicals,
thus maintaining cell membrane stability and preventing cell
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apoptosis. It can also remove reactive oxygen species (ROS)
and reactive nitrogen species, as well as prevent oxidative
damage and diseases associated with oxidative stress. In
addition, it can promote the transformation of a Th2 immune
response into a Th1l immune response (96). A previous in vitro
study demonstrated that bilirubin also plays an important role
in inhibiting tumor cell proliferation and promoting tumor
cell apoptosis, which may be associated with the extracellular
signal-regulated kinase pathway (97). When the bilirubin
concentration is excessive, it acts as a pro-oxidant, causing
irreversible nerve damage (98). It was previously demonstrated
that unbound bilirubin may stimulate the production of endog-
enous ROS in platelets, thereby inducing platelet apoptosis,
which is a process mediated mainly by the p38 mitogen
activated protein kinase pathway; in addition, bilirubin may
damage mitochondria, inhibiting the energy metabolic process
of the cell and causing cell apoptosis (99). Low levels of
bilirubin may also be harmful (8). Phototherapy may disrupt
the protective role of the cell membrane by lowering serum
bilirubin, causing production of free oxygen radicals; it may
also damage lymphocyte DNA and cause a disturbance of the
skin cytokine environment, which disrupts the Th2 to Thl
conversion, thus leading to allergic diseases such as asthma
and allergic rhinitis (42,100).

DNA damage by phototherapy. Whether phototherapy can
damage DNA remains a controversial topic. Although it
has been suggested that phototherapy cannot trigger DNA
damage (101), other studies have suggested that phototherapy
may damage the DNA of neonatal peripheral blood lympho-
cytes (11,50). Under the influence of visible light, cellular
DNA may be mutated and the DNA chain may be broken,
with consequent sister chromatid exchange. Previous studies
have proposed that phototherapy can damage the DNA of
neonates and induce apoptosis of peripheral blood lympho-
cytes, while neonatal hyperbilirubinemia per se does not cause
DNA damage. Aycicek et al (100) concluded that endogenous
mononuclear leukocyte DNA was damaged in infants with
jaundice treated with traditional and intensive phototherapy.
Tatli et al (102) also confirmed that phototherapy was associ-
ated with DNA damage in neonates. The main mechanism
through which phototherapy removes unconjugated bili-
rubin from the body is by isomerization. As the newborn's
antioxidant mechanisms are immature and the skin has low
antioxidant capacity, blue light directly induces the generation
of free oxygen radicals, which may cause DNA damage in the
mitochondria and nucleus of the cell (41,103).

p53 is a tumor suppressor gene that is mainly involved
in maintaining normal cell growth and inhibiting malig-
nant proliferation, and participates in the process of DNA
replication and repair (104). If the repair mechanism fails,
p53 induces cell apoptosis to prevent malignant transforma-
tion (105). Under normal conditions, the content of p53
in cells is markedly low and has a short half-life, but its
content can significantly increase during cell proliferation.
After exploring the genotoxicity and apoptosis induced by
phototherapy in peripheral blood lymphocytes of full-term
infants, Yahia et al (106) reported that the DNA damage
markers (tail DNA% and tail moment) and the p53 levels of
newborns with hyperbilirubinemia subjected to phototherapy

were significantly higher compared with those prior to photo-
therapy (all P<0.0001). Furthermore, it has been proposed that
the DNA damage and cell apoptosis caused by bilirubin and
phototherapy in newborns with hyperbilirubinemia may be
associated with the downregulation of the BCL-2 gene (which
can inhibit apoptosis) and the upregulation of the BAX gene
(which can promote apoptosis) (10).

Phototherapy and tumors. Phototherapy may increase the
risk of cancer in children (107). A large epidemiological study
found that newborns treated with phototherapy may be at a
higher risk of developing cancer later in life (51). During an
11-year follow-up of ~800,000 infants after birth, the study
suggested that children treated with phototherapy were more
than twice as likely to develop solid tumors after 4 years of
age compared with those who did not receive phototherapy,
but the potential cancer risk of bilirubin could not be ruled
out (108). Another large retrospective cohort study reported
that children who received phototherapy had a higher inci-
dence of cancer compared with those who did not receive
phototherapy, with a ratio of ~1.4 (P=0.01); in particular, the
incidence of non-lymphocytic leukemia increased signifi-
cantly (12). However, the association was weakened due to
the large and uncontrollable confounders during the study
period. A previous retrospective cohort study on the risk of
skin cancer from neonatal jaundice phototherapy did not
confirm that phototherapy significantly increases the risk of
skin cancer (109). However, due to the confounding variables
and limited statistical power (follow-up was interrupted
for some members of the cohort as they emigrated), this
possibility cannot be excluded. In addition, a previous study
demonstrated that phototherapy can increase the incidence
of neonatal nevi, and melanocytic nevi are the most impor-
tant risk factor for the occurrence of skin melanoma (110).
Therefore, when children receive phototherapy, the nevi
should be closely monitored to prevent the development of
melanoma. It has also been suggested that neonatal photo-
therapy may increase the risk of hemangioma in infants,
which may be associated with oxidative stress caused by
phototherapy, which can damage vascular endothelial cells
and stimulate the formation of new blood vessels (111). The
increased risk of cancer in children treated with photo-
therapy may be associated with hyperbilirubinemia per se,
phototherapy or a combination of the two (112).

Phototherapy and infant mortality. Phototherapy is widely
used in the treatment of neonatal jaundice, and it can indeed
prevent the neurotoxicity caused by hyperbilirubinemia (113).
In an attempt to elucidate the effect of phototherapy on infant
mortality, Morris et al (13) conducted a large multicenter
randomized controlled trial, and the results demonstrated
that infant mortality did not differ significantly between
infants with jaundice who received aggressive or conserva-
tive phototherapy [24 vs. 23%, respectively; 95% confidence
interval (CI): 0.90-1.22], and the possibility of neural devel-
opment disorders was reduced by 26 and 30%, respectively
(95% CI, 0.74-0.99). However, for infants whose birth weight
ranged between 501 and 750 g, the mortality rate was higher
in the aggressive phototherapy group compared with that in
the conservative group (39 vs. 34%, respectively). Therefore,
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attention should be paid to the increasing mortality rate
possibly associated with phototherapy. Prolonged duration
of phototherapy (114) and increased oxidative stress (115)
may be relevant factors associated with increased mortality.

Other adverse reactions. When the jaundiced newborn is
treated with blue phototherapy, apart from the areas protected
by the black blindfold and the diaper, all other areas are
exposed to illumination. As a result, neonates with jaundice
treated with blue light often experience alterations in body
temperature (60). Since the wavelength of absorption of blue
light by riboflavin is similar to that of bilirubin, both ribo-
flavin and bilirubin will decompose at the same time when
a newborn with jaundice receives blue light therapy, leading
to the loss of riboflavin in the body. The riboflavin deficiency
will reduce the synthesis of active riboflavin adenine dinucleo-
tide, impair the hydrogen delivery of erythrocytes, reduce
glutathione reductase and weaken the activity of erythrocyte
glutathione reductase (116), thus aggravating hemolysis. In
addition, the risk of secondary intestinal obstruction may
increase after phototherapy. The velocity of blood flow in the
upper mesenteric artery at the end of the diastolic period is
accelerated post-phototherapy, indicating that the mesenteric
vascular smooth muscle may undergo diastolic changes during
phototherapy, leading to mesenteric ischemia, which may
be one of the causes of intestinal obstruction in premature
infants (117). A retrospective study reported that phototherapy
is associated with the incidence of intestinal obstruction in
infants with markedly low birth weight (118). In addition, blue
light treatment during the neonatal period may also be associ-
ated with subsequent diseases, such as diabetes, autism and
epilepsy (119,120).

4. Preventive measures for adverse reactions caused by
phototherapy of neonatal hyperbilirubinemia

Intermittent phototherapy may be used in non-severe cases,
which may increase the contact time between the infant
and the mother. The efficacy of intermittent phototherapy
is comparable to that of continuous phototherapy, in addi-
tion to increasing the interaction time of the mother and
the infant, intermittent phototherapy may also reduce the
adverse reactions caused by continuous phototherapy (3),
including oxidative stress, hemolysis, allergic reactions,
DNA damage, cancer and increased mortality. Due to the
effect of phototherapy on the circadian rhythm of children,
the time of light exposure can be adjusted according to the
physiological characteristics of the infants. The intensity
and distance of illumination should also be adjusted, and
the duration of illumination should be controlled. Close
monitoring of the temperature of both the infant and the
incubator is also important. To prevent the loss of water
and electrolytes (such as Na*, K* and Ca*") caused by
phototherapy, water and electrolytes must be replenished
when necessary. To address the loss of riboflavin caused by
phototherapy, vitamin B2 supplementation should be routine
practice. Appropriate light exposure time, intensity and
distance should be used to avoid skin damage. As regards
the rash caused by phototherapy, no treatment is generally
required. If the skin becomes cracked or infected, active

skin care, such as disinfection with iodophor, should be
administered. Blood pressure should be closely monitored
to prevent hemodynamic changes caused by phototherapy.
Adequate coverage of the chest during phototherapy can
reduce the incidence of patent ductus arteriosus. To prevent
direct exposure of the eye to blue light and minimize the risk
of damage to the retina, an appropriate blindfold should be
applied and secured in place during phototherapy. However,
as the incidence of conjunctivitis is increased among children
receiving phototherapy who wear eye masks over prolonged
periods of time, thorough eye care, such as cleaning eye
secretions and surrounding skin with normal saline cotton
balls, must be applied.

5. Conclusions

Itis generally acknowledged that blue phototherapy is a simple,
effective and safe treatment for neonatal hyperbilirubinemia.
However, the possible adverse reactions of phototherapy,
including hemolysis, allergic disease, DNA damage and cancer,
must be taken into consideration. To avoid serious harm to the
infant's health, it is necessary to standardize, rationalize and
normalize phototherapy in the clinical setting. More in-depth
studies are also required to shed light on the mechanism
underlying adverse reactions to phototherapy in infants, and to
explore and optimize novel therapeutic schemes in the future.
Due to the potentially toxic effects of blue light therapy, green
LED light may also be used to reduce total serum bilirubin
levels (121), as it may cause fewer adverse reactions compared
with blue light. Therefore, green light therapy must be more
extensively investigated in the future.
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