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Jaundice is common in newborn babies, and pathologic hyperbilirubinemia is 
frequently treated with phototherapy. Although it is considered to be safe, the 
side effects of phototherapy in newborns are still a matter of debate. In this 
study, the impacts of two types of phototherapy, conventional fluorescence 
and intensive light-emitting diodes (LED), on DNA damage and total oxidant/
antioxidant status in jaundiced newborns were assessed. The study group 
included 40 newborns (gestation age ≥ 37 weeks) on days 2–8 after birth. 
Newborns were divided into two groups on the basis of need for phototherapy: 
20 newborns were exposed to conventional phototherapy (Group I); and 20 
infants were exposed to intensive phototherapy (Group II). Blood samples 
were taken from all infants at admission and after phototherapy to determine 
plasma 8-hydroxy-2-deoxy-guanosine (8-OH-dG; a marker of DNA damage), 
total oxidant status (TOS), and total antioxidant capacity (TAC). The oxidative 
stress index (OSI) was also calculated. Demographic information was recorded, 
and DNA damage, TOS, and TAC were compared. There were no differences in 
demographic information between the two groups. There were no significant 
differences in DNA damage, TOS, TAC, and OSI between Groups I and II before 
phototherapy (p > 0.05) and no significant differences in DNA damage, TOS, 
TAC, and OSI between the two groups after phototherapy (p > 0.05). However, 
the TAC decreased significantly in both groups after phototherapy (p < 0.01). 
These findings suggest that conventional and intensive phototherapies do not 
affect DNA damage and oxidative stress, supporting the safety of its use as the 
preferred treatment for jaundiced newborns.
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Neonatal jaundice is very common in 
newborns.1 In the majority of cases, total 
bilirubin (TB) levels do not exceed the 
physiological limit. However, TB levels may 
rise, rarely, to very high levels and cause 
kernicterus,2 necessitating a rapid intervention 
strategy. Phototherapy is the most widely 
used therapy for management of neonatal 
jaundice.3 Phototherapy uses light energy to 
change the molecular structure of bilirubin. 
The resultant products are less lipophilic 
than bilirubin, and can be excreted in bile or 
urine without conjugation.4,5 Bilirubin absorbs 
light most strongly in the blue region of the 
spectrum near 460 nm, and the effectiveness 

of phototherapy is dependent on the intensity 
and wavelength of light used. Several 
phototherapy devices are available, which use 
light sources with different wavelengths and 
densities.6 Current phototherapy systems use 
conventional compact fluorescent lamps or 
light-emitting diodes (LEDs), of which LEDs 
generate significantly higher light irradiance 
levels.7 

Phototherapy is generally considered a safe and 
well-tolerated therapy in neonatal jaundice.8 
However, some reports have indicated that 
phototherapy may cause oxidative stress, 
lipid peroxidation, and DNA damage.9-15  
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Moreover, neonates have a limited antioxidant 
protective capacity, and oxidative damage has 
an important role in the pathogenesis of many 
diseases in the newborn period.16 

Therefore, this study aimed to assess the 
impacts of conventional and LED phototherapy 
on DNA damage, total oxidant status (TOS), 
and total antioxidant capacity (TAC) in 
jaundiced newborns. 

Material and Methods

The study was approved by the local Research 
Ethics Committee (The report number #: 
2015/0010). Written informed consent was 
obtained from all parents before inclusion.

Patients

The study group included 40 newborns 
(gestation age ≥ 37 weeks) on days 2–8 
after birth who had idiopathic unconjugated 
hyperbilirubinemia with TB levels above the 
threshold for the requirement of phototherapy 
in the first week life, as defined by the hour-
specific bilirubin nomogram of the American 
Academy of Pediatrics.17 Demographic 
characteristics, obtained before the trial 
commenced, were recorded for each infant. The 
exclusion criteria were neonates with ABO/Rh 
incompatibility, a positive direct Coombs test, 
glucose 6-phosphate dehydrogenase deficiency, 
perinatal asphyxia, systemic or metabolic 
disorders, shock, sepsis, hypoalbuminemia 
(serum albumin < 3.0 g/dL), findings of 
bilirubin encephalopathy at presentation 
(i.e., head extension, crying, hypotonia, or 
hypertonia), congenital hypothyroidism, 
or any other malformation. Patients were 
assigned to the two groups on the basis of 
the need for phototherapy, and the type of 
phototherapy applied was randomly assigned 
by the neonatal staff. Group I comprised 20 
infants exposed to conventional phototherapy, 
and Group II comprised 20 infants exposed to 
LED phototherapy.

Phototherapy

In Group I, phototherapy was applied using 
an AMS Phototherapy System (AMS Trading, 
Dhaka, Bangladesh; intensity: 12–16 μW/
cm2/nm, spectrum 430-470 nm, consisting 

of six fluorescent lamps). In Group II, 
phototherapy was applied using a Babyblue 
LED phototherapy system (TENDE, Ankara, 
Turkey; intensity: 90–120 μW/cm2/nm, 
spectrum 450-460 nm). The respective system 
was positioned over each infant at a distance 
of 40 cm. Neonates were exposed completely, 
except for eyes and genitalia. Continuous 
phototherapy was calculated in hours, 
and minimally interrupted for feeding and 
cleaning. The infants’ weight and temperature 
were closely monitored during phototherapy. 
Phototherapy was stopped when serum TB 
levels were below 2 mg/dL, representing the 
lower limit for phototherapy. Infants were 
carefully monitored for possible side effects 
of phototherapy, including dehydration, 
hypothermia, hyperthermia, skin rash, and 
diarrhea.

Blood sampling

Venous blood samples (2 cm3) were drawn 
from all newborns before phototherapy for 
the measurement of TB, plasma 8-hydroxy-
2-deoxy-guanosine (8-OH-dG; a marker of 
DNA damage), TOS, and TAC. Serum TB 
levels were measured immediately, whereas 
samples for 8-OH-dG, TOS, and TAC were 
centrifugated at 1500 × g for 10 min within 30 
min of collection, and stored at −80°C until 
analysis. Second blood samples (2 cm3) for 
measurement of TB, 8-OH-dG, TOS, and TAC 
were taken from a peripheral vein following 
phototherapy. Samples were centrifugated 
at 1500 × g for 10 min within 30 min of 
collection, and stored at −80°C until analysis. 

Analysis of DNA damage

DNA damage was assessed using 8-OH-dG 
concentrations, which were measured using 
a commercially available enzyme-linked 
immunoassay kit (Elabscience, Wuhan, China) 
following the manufacturer’s instructions. 
The coefficients of variations were 10%. The 
results were expressed in nanograms per 
milliliter.

Analysis of TOS/TAC 

The TOS was measured using a test kit from 
Rel Assay Diagnostics (Gaziantep, Turkey). 
The intra- and inter-assay variations of the 
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TOS measurements were 3.2% and 3.9%, 
respectively. The results were expressed in 
micromoles of H2O2 per liter. 

The TAC was measured using a test kit from 
Rel Assay Diagnostics (Gaziantep, Turkey). 
The intra- and inter-assay variations of the 
TAC measurements were 2.8% and 3.3%, 
respectively. The results were expressed in 
millimoles Trolox equivalent per liter. 

The OSI was determined as the TOS-to-TAC 
ratio, where OSI = [(TOS, μmol/L) / (TAS, 
μmol/L) / 100).

Statistical analysis

All statistical analyses were performed using 
Number Cruncher Statistical System 2007 
(NCSS, Utah, East Kaysville, USA). We 
employed Student’s t-test for intergroup 
comparisons of normally distributed numerical 
parameters, and the Mann–Whitney U test 
for intergroup comparisons of non-normally 
distributed parameters. Pearson’s chi-square 
test and Fisher’s exact test were used to 
compare qualitative data. Data are presented 
as the means ± standard deviation (SD), 
percentages (%), or medians (min–max) as 
appropriate. A p value < 0.05 was considered 
to reflect statistical significance. 

Results

Term infants (gestational age ≥ 37 weeks) 
were included in the study, and divided into 
two phototherapy groups of 20 patients. There 
were no significant differences in gestational 
week, birth weight, sex, route of delivery, type 
of feeding, age at the moment of application, 
TB level before or after phototherapy, or 
hematocrit level at the start or termination 
of phototherapy between the two groups (p 
> 0.05). However, phototherapy duration 
differed significantly between the groups, 
where Group II (8.7 ± 3.3 h) received a shorter 
average duration of treatment than Group 
I (11.4 ± 5 h) (p < 0.05) (Table I). No side 
effects of phototherapy were observed during 
either treatment. 

Before commencing phototherapy, there were 
no significant differences (p > 0.05) in 8-OH-
dG level between Group I (1.75 ± 0.73 ng/
mL) and Group II (1.44 ± 0.41 ng/mL), TOS 
between Group I (40.63 ± 15.44 μmol H2O2/L) 
and Group II (49.3 ± 22.71 μmol H2O2/L), 
or TAC between Group I (2.34 ± 0.21 mmol 
Trolox equiv./L) and Group II (2.33 ± 0.18 
mmol Trolox equiv./L) (Table II). 

Similarly, after phototherapy, there were no 
significant differences (p > 0.05) in 8-OH-dG 
level between Group I (1.48 ± 0.54 ng/mL) and 
Group II (1.45 ± 0.33 ng/mL), TOS between 

Table I. Baseline Demographic Data of the Newborns in the Study.

Parameter Group I
 (n = 20)

Group II
 (n = 20) P value

Gestational age (week) (mean ± SD) 38.5 ± 1.2 38.3 ± 0.8 0.652

Birth weight (g) (mean ± SD) 3236 ± 442 3293 ± 319 0.643

Sex (F/M) 7/13 10/10 0.523

Delivery method (vaginal/cesarean) 9/11 8/12 1.000

Age at the start of phototherapy (h) (mean ± SD) 103 ± 33 102 ± 28 0.967

Phototherapy duration (h) (mean ± SD) 12 ± 5 9 ± 3 0.048*

Serum TB at the start of phototherapy (mg/dL) (mean ± SD) 18 ± 1.8 19 ± 1.7 0.094

Serum TB level at the termination of phototherapy (mg/dL)
(mean ± SD)

13 ± 1.7 13 ± 1.8 0.449

Hematocrit at the start of phototherapy (%) 55 ± 5.3 55 ± 6 0.912

Hematocrit at the termination of phototherapy (%) 56 ± 4.9 55 ± 5.4 0.408

Group I: Conventional fluorescent phototherapy, Group II: High-intensity LED phototherapy, TB: Total bilirubin.
*P < 0.05
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Group I (38.84 ± 28.25 μmol H2O2/L) and 
Group II (59.26 ± 48.64 μmol H2O2/L), or 
TAC between Group I (2.04 ± 0.37 mmol 
Trolox equiv./L) and Group II (2.08 ± 0.22 
mmol Trolox equiv./L) (Table II). 

In Group II, the TOS increased from 49.3 ± 
22.71 μmol H2O2/L before to 59.26 ± 48.64 
μmol H2O2/L after phototherapy, albeit non-
significantly (p > 0.05). Meanwhile, the TAC 
decreased significantly after phototherapy 
in both Group I (before: 2.34 ± 0.21 mmol 
Trolox equiv./L; after: 2.04 ± 0.37 mmol 
Trolox equiv./L; p = 0.002) and Group II 
(before: 2.33 ± 0.18 mmol Trolox equiv./L; 
after: 2.08 ± 0.22 mmol Trolox equiv./L; p = 
0.001) (Table III).  

Discussion

The results of this study revealed that neither 
conventional (Group I) nor intensive (Group 
II) phototherapies influenced DNA damage 
or oxidative stress in jaundiced newborns 
over the course of treatment. This was in 
contrast to many studies that have indicated 
DNA damage arising from phototherapy. 
For instance, Goyanes-Villaescusa et al.18 
suggested that phototherapy increased the 
sister chromatid exchange (SCE) frequency. 
Wu et al.19 exposed G0 lymphocytes isolated 
from newborns to blue or green phototherapy 
light and found that both colors, but especially 
blue light, induced SCE. Meanwhile, 
Tatli et al.11 showed that conventional 
phototherapy increased DNA damage in 
newborns using the alkaline Comet assay. 
In addition, Karadag et al.20 suggested that 
both intensive and conventional therapies 
induced an increase in SCE frequency in the T 
lymphocytes of newborns over the course of 
treatment. Similarly, Ramy et al.14 found that 
conventional and intensive phototherapy 
treatments increased DNA damage in a 
duration-dependent manner using the Comet 
assay. Mohamed and Niazy21 showed that 
DNA damage scores and SCE frequencies 
were higher in infants exposed to intensive 
phototherapy than in those treated with 
conventional phototherapy. Moreover, Yahia 
et al.13 demonstrated phototherapy-induced 
DNA damage and apoptosis in peripheral 
blood lymphocytes of full-term infants. Ta
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However, in vivo follow-up studies of full-term 
neonates from birth to childhood22,23 and an 
in vitro study using normal human fibroblasts 
exposed to visible light demonstrated that 
phototherapy had non-permanent adverse 
effects on DNA,24 despite the striking DNA 
damage effect of phototherapy. 

In contrast to these studies, and supporting 
our findings, Schwartz et al.25 reported no 
difference in terms of SCE frequency between 
newborns who underwent phototherapy and 
the control group; another study observed 
similar results.26 Finally, Karakükcü et al.27 
demonstrated that phototherapy did not 
cause an increase in DNA oxidation or induce 
genotoxic effects. 

Interestingly, in the present study, although 
neither conventional nor LED phototherapies 
influenced the TOS or OSI in jaundiced 
newborns, the TAC significantly decreased 
after phototherapy in both groups. Many 
studies have evaluated the effects of 
phototherapy on oxidant/antioxidant status. 
For example, Aycicek et al.10 showed that 
conventional phototherapy increased serum 
lipid hydroperoxide levels and negatively 
impacted the oxidant/antioxidant defense 
system in hyperbilirubinemic full-term 
infants; however, they reported that the TAC 
was not significantly altered by phototherapy. 
By contrast, Atici et al.28 showed that the 
TAC was significantly higher in the patient 
group before conventional phototherapy 
compared with the control group, and 
significantly decreased after phototherapy in 
the patient group. Meanwhile, Kale et al.12 
found that both conventional phototherapy 
with blue fluorescent lights and intensive LED 
phototherapy significantly decreased serum 
TAC and increased OSI values. Allam et al.15 
demonstrated that both conventional and LED 
phototherapy resulted in increased OSI values; 
however, alteration of antioxidant/oxidant 
parameters was more pronounced after 
conventional than after LED phototherapy. 
Another study reported increased oxidative 
stress following conventional phototherapy, 
but found no significant change following LED 
phototherapy.29 Finally, Akisu et al.30,31 found 
no significant changes in malondialdehyde 
or antioxidant parameter values after 
phototherapy. 

Importantly, these studies were not 
standardized in terms of the number of patients 
included in the study population, gestational 
ages and birth weights of patients, sampling 
time, relationship between sampling time 
and phototherapy, phototherapy device, or 
phototherapy duration. Such methodological 
differences could explain the conflicting 
results.

Under physiological conditions, uric acid, 
vitamin C, and sulfhydryl groups are decreased 
in the newborn plasma, whereas bilirubin and 
vitamin E levels are increased to maintain the 
antioxidant balance.32 In this study, serum 
TAC was significantly lower after than before 
phototherapy. This decrease was attributed 
to the rapid decrease in hyperbilirubinemia 
by phototherapy and to the inadequacy of 
the compensatory system given that bilirubin 
constitutes the majority of the antioxidant 
system in the newborn period. 

In this study, the duration of LED phototherapy 
was shorter than conventional phototherapy. 
Some studies have reported different findings 
with respect to the duration of phototherapy.20,33 
This finding was likely to have been caused by 
the higher light irradiation intensity of the 
LED phototherapy system, resulting in more 
efficient treatment of neonatal jaundice. 

It should be noted that this study was limited 
in terms of the small sample size; therefore, 
future studies of the effects of phototherapy on 
DNA damage and oxidant/antioxidant status 
during the treatment of neonatal jaundice in a 
larger sample size are warranted.

In conclusion, our findings indicate that 
conventional and intensive phototherapies 
do not cause an increase in DNA damage 
and oxidative stress, and are safe, preferable 
treatments for neonatal jaundice.
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