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Introduction

Exposure to blue light has been associated with various health  
issues, including sleep disturbances, psychiatric disorders, obe-
sity, diabetes, increased bacterial growth, and certain types 

of cancers [1-4]. Energy-efficient compact fluorescent light bulbs 
(CFLs) and widely used light-emitting diodes (LEDs) in devices 
like TVs, computer monitors, laptops, smartphones, and tablets emit 
large amounts of blue light, significantly increasing human exposure. 
Despite appearing to emit white light, LEDs have peak intensities  
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ABSTRACT
Exposure to blue light, primarily from light-emitting devices like LEDs, has raised 
concerns regarding its potential health effects. Neonatal intensive care unit (NICU) 
nurses, frequently exposed to both digital screens and blue light from phototherapy 
devices, face particular risks. This study aimed to investigate the influence of blue light 
exposure from neonatal phototherapy devices on the sleep quality of NICU nurses, 
presenting the first examination of this issue. NICU nurses and matched controls were 
studied, comparing their sleep quality using the Pittsburgh Sleep Quality Index (PSQI). 
General health and reaction time were also assessed using standard questionnaires and 
benchmark software, respectively. The light intensities of active phototherapy devices 
were recorded. Statistical analysis included an independent t-test, with a P-value of 
≤0.05 considered statistically significant. The study found that exposure to blue light 
from neonatal phototherapy devices adversely affected sleep disturbances and day-
time dysfunction in NICU workers. This aligns with research indicating that reducing 
ambient blue light can improve cognitive performance, alertness, and sleep quality, 
especially for night shift workers. It also corresponds with studies linking pre-sleep 
use of light-emitting devices to higher rates of insomnia in various countries. Amber 
lenses that block blue light have been proposed as a viable solution for sleep issues. 
This pioneering research underscores the importance of reducing blue light exposure 
for NICU nurses. Encouraging the use of blue light-blocking glasses is a practical step 
that can be taken to mitigate the adverse effects of blue light exposure.
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within the blue wavelength range (400-490 
nm) [5]. The harmful effects of prolonged  
exposure to “blue-rich” LED light, com-
pared to light sources that emit less blue light,  
underscore concerns, particularly for indi-
viduals using digital screens in dim lighting at 
night [6-8].

Nurses working in neonatal intensive care 
units (NICUs) not only interact with digital 
screens but are also consistently exposed to 
low levels of blue light emitted by neonatal 
phototherapy devices. Phototherapy has long 
been employed for treating neonatal jaun-
dice as an effective method to lower bilirubin 
levels in the blood and prevent kernicterus, a 
type of brain damage resulting from elevated 
bilirubin levels. Kernicterus can lead to condi-
tions such as athetoid cerebral palsy, hearing 
loss, vision problems, and, in some cases, in-
tellectual disabilities [9]. Blue and greenish-
blue (turquoise) light, with peak emissions 
around 460 and 490 nm, are the most effective 
components of visible light (400-700 nm) for 
phototherapy [10]. This condition is observed 
in 60% and 85% of term and preterm babies, 
respectively, typically becoming apparent 
around three days after birth and peaking after 
approximately one week. NICU nurses expe-
rience varying levels of blue light exposure  
during their night shifts.

As far as we know, this is the first study 
to examine how exposure to blue light from 
neonatal phototherapy devices affects sleep  
quality in NICU nurses.

Material and Methods

Participants
This study was conducted among NICU 

nurses working in neonatal intensive care units, 
who provided informed consent to participate. 
The research environment included NICUs 
in hospitals affiliated with Shiraz University 
of Medical Sciences (SUMS). Inclusion cri-
teria were being a nurse or midwife, age ≤40 
years, working for ≥40 hours per week in the  

neonatal ward, not using drugs that affect reac-
tion time, refraining from drinking tea and cof-
fee during night shifts, and having no psycho-
somatic diseases. Exclusion criteria included 
reluctance to cooperate, using drugs that affect 
reaction time, and drinking tea or coffee dur-
ing night shifts. The control group consisted 
of individuals with the same working condi-
tions but not in departments with active photo-
therapy devices, and the groups were matched 
for age, sex, education level, tea and coffee 
consumption, as well as the use of sleep aid 
pills or drowsiness-inducing drugs. Light in-
tensities of active phototherapy devices were 
recorded at various distances and angles.

The Pittsburg Sleep Quality Index 
(PSQI)

Sleep patterns were evaluated using the stan-
dard Pittsburgh Sleep Quality Index (PSQI) 
self-rated questionnaire. This questionnaire 
comprises 19 individual items that generate 
seven “component” scores, including subjec-
tive sleep quality, sleep latency, sleep duration, 
habitual sleep efficiency, sleep disturbances, 
use of sleeping medication, and daytime dys-
function [11]. PSQI question ratings range 
from 0 for “no difficulty” to 3 for “severe dif-
ficulty.” The sum of these seven component 
scores yields a global score ranging from 0 to 
21, where a score below 5 indicates significant 
sleep disturbance [12].

General Health Questionnaire (GHQ)
A 28-item GHQ with four subscales was 

used in this study, assessing somatic symp-
toms, anxiety and insomnia, social dysfunc-
tion, and severe depression.

Reaction Time
In this study, we followed the method out-

lined by Mortazavi et al. [13, 14]. Reaction 
time was measured using benchmark software. 
Participants were instructed to react as quickly 
as possible by right-clicking a laptop mouse 
when a red square on the screen turned green. 
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To reduce the impact of biological rhythms,  
all tests were conducted at the same time for 
both groups.

Statistical Analysis
Alongside descriptive statistics, an inde-

pendent t-test was applied to compare the 
mean scores for sleep, working memory, and 
reaction time between the case and control 
groups. A P-value of ≤0.05 was considered  
statistically significant.

Results
The mean (±SD) age of participants was 

20.94±5.06 years. All 40 participants, includ-
ing 20 NICU nurses and 20 matched controls, 
were female. Furthermore, all participants 
were nurses (100%) with a bachelor’s de-
gree (100%). The demographic and occupa-
tional characteristics of the participants are  
presented in Table 1.

Pittsburgh Sleep Quality Index 
(PSQI)

The average scores (±SD) for subjective sleep 
quality were 1.45±0.69 for NICU workers and 
1.60±0.68 for the control group (P=0.490). 
Sleep latency scores were 2.15±1.04 in 
NICU workers and 2.7±1.26 in the control 
group (P=0.141). Sleep duration scores were 
0.45±0.60 for NICU workers and 0.60±0.99 
for the control group (P=0.569). Habitual sleep 
efficiency scores were 0.30±0.66 for NICU 
workers and 0.20±0.62 for the control group 
(P=0.622). There was a statistically significant 

difference in sleep disturbances, with NICU 
workers scoring 1.30±0.47 and the control 
group 1.95±0.94 (P=0.009). Use of sleeping 
medication scores were 0.20±0.70 in NICU 
workers and 0.40±0.88 in the control group 
(P=0.431). Daytime dysfunction scores were 
1.70±0.66 for NICU workers and 1.20±0.89 
for the control group, showing a statistical-
ly significant difference (P=0.050). Lastly, 
the total PSQI scores averaged 7.80±2.78 in 
NICU workers and 8.70±3.79 in the control 
group (P=0.397).

Reaction Time (RT)
As displayed in Table 2, the average reaction 

times were 0.49±0.23 for NICU workers and 
0.41±0.15 for the control group (P=0.397), 
with no statistically significant difference 
(P=0.214).

General Health Questionnaire (GHQ)
The average scores for somatic symp-

toms were 0.95±0.83 in NICU workers and 
0.85±0.88 in the control group (P=0.712). For 
anxiety and insomnia, NICU workers scored 
1.25±0.85 compared to 1.20±0.62 in the con-
trol group (P=0.833) (Table 3). Social dysfunc-
tion scores were 1.20±0.41 for NICU workers 
and 0.90±0.45 for the control group, with a 
statistically significant difference (P=0.033). 
Scores for severe depression were 0.45±0.61 
in NICU workers and 0.20±0.41 in the control 
group (P=0.134). The total GHQ scores were 
1.15±0.59 in NICU workers and 0.85±0.59 in 
the control group (P=0.114).

NICU Group  
N=20 (50%)

Controls 
N=20 (50%)

Significance

Age (year) 27.00 (5.80) 30.55 (5.58) N.S. 
Occupational exposure to blue light-emitting sources 100% 0% N/A

Shift Work Including Night ShiftsShift Work Including Night Shifts 100% 100% N/A
N.S.: Not statistically significant

Table 1: Demographic and occupational characteristics of the participants (N=40). All participants 
were female nurses.
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Discussion
To the best of our knowledge, this is the 

first study to demonstrate the adverse effects 
of exposure to blue light from phototherapy 
devices on sleep disturbances and daytime 
dysfunction in NICU workers. These findings 
are supported by previous studies showing 
that reducing ambient blue light can enhance  
cognitive performance, alertness, and sleep 
quality in night shift workers [15]. Moreover, 
our findings align with studies indicating a link 
between widespread use of light-emitting de-
vices before bedtime and increased prevalence 
of insomnia [16]. Our results also agree with 
studies showing that even evening exposure 
to low-intensity blue light from LEDs, which 
typically has no effect on sleep, can induce 

drowsiness and decreased energy metabolism 
the following morning [17].

On a broader scale, our findings are consis-
tent with research by Pham et al. in Italy, which 
found that using electronic devices (EDs) near 
bedtime for over 30 minutes was significantly 
associated with poorer sleep quality, even af-
ter accounting for depression, exercise, and 
the consumption of caffeine and alcohol later 
in the day [18]. In another study in Morocco, 
Jniene et al. used an electronic questionnaire 
to investigate sleep quality in 294 medical and 
pharmacy students, finding that 97.3% of the 
students used digital screens (smart devices 
emitting blue light) at bedtime before sleep. 
Poor sleep quality (PSQI>5) was reported in 
35.3% of the students, with 65.7% reporting 

PSQI component NICU Nurses 
N=20 Mean±SD

Matched Control 
Group N=20 (Mean±SD)

Significance 
(P value)

        Visual Reaction Time (0.488±0.232) 0.409±0.153 NS P=0.214
        Subjective Sleep Quality 1.45±0.69 1.60±0.68 NS P=0.490
        Sleep Latency 2.15±1.04 2.7±1.26 NS P=0.141
        Sleep Duration 0.45±0.60 0.60±0.99 NS P=0.569
        Habitual Sleep Efficiency 0.30±0.66 0.20±0.62 NS P=0.622
        Sleep Disturbances 1.30±0.47 1.95±0.94 P=0.009
        Use of Sleeping Medication 0.20±0.70 0.40±0.88 NS P=0.431
        Daytime Dysfunction 1.70±0.66 1.20±0.89 P=0.050
       Total PSQI 7.80±2.78 8.70±3.78 NS P=0.397

NS: Not Significant, PSQI: Pittsburgh Sleep Quality Index, NICU: Neonatal Intensive Care Unit

Table 2: Reaction Time and the Pittsburg Sleep Quality Index (PSQI) Mean (±SD).

GHQ Component Intervention Group 
(N=20) Mean±SD

Control Group  
(N=20) Mean±SD

Significance  
(P value)

Somatic Symptoms 0.95±0.83 0.85±0.88 NS P=0.712
Anxiety And Insomnia 1.25±0.85 1.20±0.62 NS P=0.833

Social Dysfunction 1.20±0.41 0.90±0.45 P=0.033
Severe Depression 0.45±0.61 0.20±0.41 NS P=0.134
Total GHQ Score 1.15±0.59 0.85±0.59 NS P=0.114

NS: Not Significant, GHQ: General Health Questionnaire

Table 3: General Health Questionnaire (GHQ) Mean (±SD).

IV



J Biomed Phys Eng

Blue Light at Night in NICU

sleep disturbances after using digital screens 
at night [19]. In Saudi Arabia, a cross-section-
al study involving 1925 students showed that 
high mobile screen time (≥8 hours/24 hours) 
and using digital screens for over 30 minutes 
before sleeping in the dark were associated 
with poor sleep quality [20]. 

In India, a cross-sectional observational 
study of 450 medical undergraduate students 
revealed that those who used screens for more 
than 2 hours had significantly prolonged sleep 
latency, reduced sleep duration, sleep ineffi-
ciency, and daytime sleep disturbances [21]. 
Furthermore, there are reports suggesting that 
blue-enriched light in the workspace has the 
potential to improve subjective sleepiness in 
night shift workers [22, 23]. Some studies 
have even introduced amber lenses that block 
blue light as a safe, affordable, and easily im-
plementable therapeutic intervention for sleep 
problems [16]. Therefore, we recommend that 
NICU nurses who use active phototherapy 
units consider wearing blue light-blocking 
glasses at work.

Conclusion
This study is the first to examine the ad-

verse health effects of occupational exposure 
to nocturnal blue light from phototherapy de-
vices in NICU nurses. Given the reported ef-
ficacy of blue-blocking amber lenses as a safe 
and easily implemented intervention for sleep 
problems, we encourage nurses using active 
phototherapy units to consider wearing blue 
light-blocking glasses at work.
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