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ABSTRACT

Purpose: This study aimed to investigate the impact of neonatal exposure to blue light phototherapy on early refractive outcomes in
premature infants.

Methods: A total of 302 eyes from 151 premature infants who underwent retinopathy of prematurity (ROP) screening at our clinic
were retrospectively evaluated. The phototherapy group consisted of 68 infants (136 eyes) who received phototherapy due to
hyperbilirubinemia and the control group included 83 infants (166 eyes) who did not receive phototherapy. At corrected age of one
year, all infants underwent cycloplegic refraction measurement and compared between groups.

Results: Gestational age (GA) and birth weight (BW) did not differ significantly between groups (p=0.133 and p=0.119, respectively).
Phototherapy exposure was a statistically significant independent predictor of both spherical refraction (B =—0.521 D, p = 0.020) and
spherical equivalent (B =—0.445 D, p = 0.038) after adjustment for gestational age, birth weight, sex, and ROP status. Infants who did
not receive phototherapy showed spherical and SE values approximately 0.45-0.52 D lower (less hyperopic) than those who received
phototherapy.

Conclusion: Phototherapy administered during the neonatal period may influence refractive development in premature infants without

ROP, potentially affecting the emmetropization process even when retinal damage is prevented.
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INTRODUCTION

Neonatal jaundice is the yellow discoloration of the skin
and/or mucous membranes due to increased levels of
total serum bilirubin in the blood'. Physiological jaundice
occurs in approximately 50% of term infants and 80% of
preterm infants within the first week of life. Physiological
jaundice typically resolves spontaneously without the need
for treatment . Pathological jaundice, which occurs due to
an increase in total bilirubin levels, can lead to irreversible
damage such as kernicterus, hearing impairment, and visual

impairment if left undiagnosed and not treated early?.

Phototherapy is an effective and non-invasive treatment
method used for the managing early neonatal jaundice®.
Phototherapy, utilizing the 430 to 490 nm wavelength of
blue-green light, is most effective in reducing bilirubin
levels by converting bilirubin into less lipophilic products
and facilitating its detoxification and excretion from the
body >S. Despite the use of special eye patches to prevent
damage to the eyes of newborns during phototherapy, ocular
irritation can occur ’. It has been suggested that there may
be an increase in the incidence of retinopathy of prematurity

following treatment with bright blue light in premature
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infants, but there are no controlled studies to confirm this
hypothesis *°. It has been demonstrated that exposure of the
adult retina to blue light can impair color vision and lead to

early macular degeneration in advanced cases ®.

Due to the light-sensitive nature of the retina, the effects
of phototherapy on the eye have been examined in
numerous studies. In particular, microscopic damage has
been detected in the retina in animal studies, emphasizing
the need to protect the eyes 7. Several studies have
demonstrated that this protection prevents retinal damage
in humans '"However, there are few studies in the
literature investigating the adverse effects of phototherapy
on refraction. Krishnan et al.">reported that phototherapy
had no effect on refraction, whereas Kara et al.!'suggested
that there were differences in refraction values, but these
differences were not significant enough to affect the need
for glasses. Due to the lack of consensus among the existing
studies regarding the effect of phototherapy on refraction,
this topic still remains controversial. In addition, refractive
errors in newborns may partially or completely resolve by
the age of six through emmetropization'®. In this study,
we aimed to research the effects of exposure to blue light
during the neonatal period due to phototherapy on early

refractive values.

METHODS

This retrospective study was conducted at the Department
of Ophthalmology of a tertiary care center between January
2023 and December 2023. The medical records of 151
premature infants (302 eyes) who underwent screening
for retinopathy of prematurity (who did not require
treatment (Type 2 disease) were included in the study)
The phototherapy group included 68 infants (136 eyes)
who received phototherapy (OKUMAN BC 250 000 LED
Phototherapy Device, Wavelength spectrum: 450-470 nm,
light intensity 85%, distance 10-15 cm, average duration
3—6 hours, average session 1-3 days) due to neonatal
hyperbilirubinemia (total serum bilirubin levels >15 mg/
dL). The control group consisted of 83 infants (166 eyes)
who did not receive phototherapy. Inclusion criteria were
gestational age (GA) <35 weeks, birth weight (BW)
<2500 grams, and refractive measurements performed
at corrected age of one year. Infants with bilirubin levels
>25 mg/dL, those who underwent blood transfusion for

hyperbilirubinemia, and infants with previous ocular

surgery, ptosis, nystagmus, corneal diseases, cataracts,
vitreous opacities, retinal detachment, or other anterior

segment pathologies were excluded.

At corrected age of one year, all infants underwent a

comprehensive ophthalmologic evaluation, including
anterior ~ segment  examination, ocular  motility
assessment, fundus examination, and cycloplegic

refraction measurement. Cycloplegia was achieved using
cyclopentolate HCI 1% eye drops administered three times,
10 minutes apart. Refractive measurements were obtained
three times using an autorefractor (Plusoptix A09®,
Plusoptix GmbH, Niirnberg, Germany), and the values
closest to skiascopy were recorded. Recorded refractive
parameters included spherical, cylindrical, and axis values.
Spherical equivalent (SE) values were calculated using the

formula: SE = Spherical value + (Cylindrical value / 2).

The study protocol adhered to the principles outlined
in the Declaration of Helsinki and was approved by the
institutional Ethics Committee (Approval No: 2024-428).
Written informed consent was obtained from the parents or
legal guardians of all participating infants before inclusion

in the study.

STATISTICAL ANALYSIS

The statistical analysis was conducted using the SPSS
version 20.0 software (IBM Corp., Armonk, NY, USA).
The descriptive data were expressed in mean + standard
deviation (SD), median (min-max) or number and
frequency, where applicable. The normality test was
performed using the Shapiro-Wilk test. The Mann-Whitney
U test was employed for non-normally distributed variables,
while the Student t-test was used for normally distributed
variables between the groups. A p value of less than 0.05

was considered statistically significant.

To address inter-eye correlation, generalized estimating
equations (GEE) with an exchangeable working correlation
matrix were used to reanalyze all refractive outcomes,
treating each infant as the unit of clustering (Patient ID).
This approach accounts for the non-independence of fellow

eyes from the same infant.

RESULTS

Infants included in this study were premature and had

low birth weight, with no significant differences in mean
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gestational age (29.9 £+ 2.3 weeks for phototherapy group
vs. 30.3 £2.5 weeks for non-phototherapy group, p=0.133)
or birth weight (1314.2 + 393.8 grams for phototherapy
group vs. 1382.8 £ 367.2 grams for non-phototherapy
group, p=0.119) between groups. (All demographic data

are presented in Table 1).

To account for the correlation between fellow eyes of
the same infant, all refractive outcomes were reanalyzed
using generalized estimating equations (GEE) with an
exchangeable working correlation structure (cluster =
Patient ID). Phototherapy exposure was a significant
predictor of spherical refraction (B = —0.521, 95% CI:
—0.961 to —0.081, p = 0.020) and spherical equivalent
(B = —0.445, 95% CI: —0.866 to —0.024, p = 0.038),

with phototherapy-exposed infants demonstrating higher
hyperopic values. Cylindrical values and axis did not
differ significantly between groups in the GEE model
(p = 0.878 and p = 0.862, respectively). ROP status was
also an independent predictor of spherical and SE values
(p = 0.005 and p < 0.001, respectively), with ROP-absent
infants showing higher hyperopic refraction. (Table 2)

The incidence of ROP was significantly higher in the
phototherapy group compared to the control group (58.8%
vs. 46.4%, p=0.031) (Table 1).

ROP status was a strong independent predictor of both
spherical (B =0.776, p = 0.005) and SE values (B = 1.014,
p < 0.001). Infants without ROP were substantially more
hyperopic than those with ROP (Table 2).

Table 1. Comparison of demographic parameters between phototherapy groups.

Phototherapy group Non-phototherapy group
(n=136 eyes) (n=166 eyes)
Mean + SD (min)-(max) Mean + SD (min)-(max) p
GA 299+2.3 (25.00)-(35.00) 303+2.5 (24.00)-(35.00) 0.133!
BW 1314.2 £393.8 (685.0)-(2480.0) 1382.8 +367.2 (520)-(2160) 0.1192
Sex F 72 76 0.216°
M 64 90
ROP | (-) 56 89 0.031°
) 80 77

! Mann-Whitney U Test, 2 Student T-Test, *Chi-Square Test

Sex: F: Female M :Male

Data were given in mean + SD (standart deviation) or min-max, unless otherwise stated. GA: Gestational age

BW: Birth weight,
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Table 2. Generalized Estimating Equations (GEE) Analysis of Refractive Parameters
. . Spherical .. .
Predictor Spherical Beuivalent Cylindrical Axis
B (95% CD /p B (95% CI)/p B (95% CI)/p B(95% CI)/p
Photothera —0.521 —0.445 0.021 —1.146
(No vs Yes)py (=0.961 /—0.081) (—0.866 / —0.024) (—0.252/0.295) (—14.11/11.82)
’ p = 0.020 * p =0.038 * p=0.878 p=0.862
ROP 0.776 1.014 0.272 —4.302
(et i) (0.231/1.321) (0.502 / 1.525) (—0.040/ 0.584) (—19.30/10.69)
’ p = 0.005 ** p <0.001 ** p=0.088 p=0.574
0.292 0.338 —0.043 5.720
Sex (—=0.158 /0.741) (—=0.093 /0.769) (—0.318/0.232) (=7.14 / 18.58)
p=0.203 p=0.125 p=0.760 p=0.383
—0.045 —0.079 —0.029 0.732
Gestational Age (—=0.193/0.103) (—0.218 /0.061) (—0.103 / 0.045) (—3.52/4.98)
p=0.549 p=0.269 p=0.444 p=0.736
0.000 0.001 0.000 -0.018
Birth Weight (0.000/0.001) (0.000/0.001) (0.000 / 0.001) (—0.045 / 0.009)
p=0.377 p=0.164 p=0.107 p=0.200
Exchangeable working correlation structure; cluster unit = Patient ID (n = 151 infants, 302 eyes). Reference category: Phototherapy =
Yes (received); ROP = Present.
*p <0.05 **p <0.01. B=unstandardized GEE regression coefficient. 95% CI = Wald confidence interval. All models adjusted for sex,
gestational age, birth weight, and ROP status.

DISCUSSION

The current study aimed to investigate the effects of neonatal
phototherapy on early refractive values in premature
infants. Phototherapy administered during the neonatal
period may influence refractive development in premature
infants, , specifically affecting the spherical component
of refraction and spherical equivalent independently of
ROP status.These findings suggest a potential effect on
the emmetropization process that is independent of ROP-
related retinal changes. The effect appears specific to the
spherical axis of refraction, with no significant impact on

astigmatism.

Although the precise etiology of refractive errors is complex
and multifactorial, including genetic, environmental, and
visual experience factors, prematurity itself is a significant
risk factor for refractive abnormalities'*. Hyperopia is
common in term infants and typically axial, whereas

myopia tends to be more prevalent among preterm

infants, particularly related to low birth weight and lower
gestational age '*“!°. Emmetropization, the process by which
the developing eye adjusts growth to reach an optimal
refractive state, continues actively until approximately
six years of age and can be influenced by early visual

experiences 161718,

The potential ocular impact of neonatal phototherapy

remains controversial. Animal studies suggest that
exposure to blue light, such as that used in phototherapy,
could lead to microscopic retinal damage. However, human
studies generally have not demonstrated significant retinal
damage due to precautions such as eye covering during
phototherapy, aligning with findings from Brupathy et al.
and Dobson et al., who reported no detectable long-term

retinal injury from phototherapy 819202124

Krishnan et al. reported no significant refractive effects
associated with neonatal phototherapy, whereas Kara et al

11, found subtle refractive changes at one year of age, which
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became clinically insignificant with time due to ongoing
emmetropization. Our findings partially align with Kara et
al., particularly regarding the observed hyperopic shift in
infants without ROP 212223,

There are studies showing fundus imaging with trans-
palpebral illumination of the light, suggesting that light
can reach the retina even when the eyelids are closed .
Although direct retinal damage due to covering the eyes
is unlikely in this study, it has been shown that there
may be subtle indirect effects, possibly through minimal
penetration of blue light through the eyelids or systemic
physiologic responses that affect ocular growth. This
hypothesis could explain the refractive changes observed

in our study despite protective measures.

Previous studies have also explored associations between
neonatal hyperbilirubinemia, phototherapy, and other
ocular conditions. Killander et al. and Hyman et al.
identified a possible link between elevated bilirubin levels
and strabismus. Similarly, Krishnan et al. observed a
correlation between strabismus and hyperbilirubinemia but

did not find significant differences in color vision outcomes

22,23

This study has limitations, including its retrospective
design, the relatively short follow-up period, and the
absence of visual acuity and color vision testing. Another
limitation is that factors such as oxygen and ventilation
exposure, sepsis, and systemic medications—which can
affect refraction values—were not included in the study.
Larger prospective studies with extended follow-up are
needed to better understand the clinical implications and

long-term significance of these early refractive changes.

In conclusion, Although a difference of approximately 0.5
D may seem clinically modest, the fact that this difference
is consistent between both the spherical equivalent and
the mean spherical values—these two parameters reflect
the same axial growth process from slightly different
perspectives — our study has demonstrated that exposure
to blue light during the neonatal period has a real, albeit
subtle, effect on emmetropization. This effect appears to
be limited to the spherical component, consistent with
the modulation of light-mediated axial elongation in the
early postnatal period. Cylindrical power and axial groups

remained constant; we therefore believe that phototherapy

does not affect the corneal and lenticular determinants of

astigmatic refraction.
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