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ABSTRACT

Background: As the use of electronic devices such as mobile phones, tablets, and
computers continues to rise globally, concerns have been raised about their potential impact
on human health. Exposure to high energy visible (HEV) blue light, emitted from digi-
tal screens, particularly the so-called artificial light at night (ALAN), has been associated
with adverse health effects, ranging from disruption of circadian rhythms to cancer. Breast
cancer incidence rates are also increasing worldwide.

Objective: This study aimed at finding a correlation between breast cancer and
exposure to blue light from mobile phone.

Material and Methods: In this retrospective matched case-control study, we
aimed to investigate whether exposure to blue light from mobile phone screens is asso-
ciated with an increased risk of female breast cancer. We interviewed 301 breast cancer
patients (cases) and 294 controls using a standard questionnaire and performed multivariate
analysis, chi-square, and Fisher’s exact tests for data analysis.

Results: Although heavy users in the case group of our study had a statistically signifi-
cant higher mean 10-year cumulative exposure to digital screens compared to the control
group (708914985 vs 4052+12515 hours, respectively, P=0.038), our study did not find a
strong relationship between exposure to HEV and development of breast cancer.

Conclusion: Our findings suggest that heavy exposure to HEV blue light emitted from
mobile phone screens at night might constitute a risk factor for promoting the development
of breast cancer, but further large-scale cohort studies are warranted.
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Introduction
lectromagnetic radiation has existed in various forms since
the beginning of the universe, with light being one of the most
recognizable and essential [1]. However, the growing concern
over light pollution caused by artificial light at night (ALAN) is having
adverse effects on human health and the environment [2]. ALAN can
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originate from both outdoor sources, such as
streetlights and billboards, and indoor sourc-
es, such as electronic devices like TVs, smart-
phones, and laptops. Exposure to ALAN can
disrupt the natural light cycle perceived by the
eyes, leading to disturbances in the human cir-
cadian rhythm [3]. In a recent review, Lech et
al. highlight the importance of optimizing the
lighting environment and suggest that cost-
effective interventions can be implemented to
achieve this goal [4].

Visible light with short wavelength (blue
light) has been found to be disruptive for cir-
cadian rhythms and melatonin production.
Circadian rhythms are biological cycles that
occur over a 24-hour period and synchronize
many physiological activities in the human
body [5]. These rhythms are regulated by a
master biological clock located in the supra-
chiasmatic nucleus (SCN) of the hypothala-
mus. Visible light stimulates the circadian
photoreception cells in the human eye, which
then trigger the SCN biological clock to re-
spond to the light-dark cycle [6]. The circa-
dian rhythms also modulate the synthesis and
secretion of melatonin, a hormone that regu-
lates the sleep-wake cycle. Exposure to light
at night can disrupt melatonin production and
cause circadian disruption [3]. This disruption
can have significant biological consequences,
including carcinogenic effects [7, 8]. Strong
evidence suggests that circadian disruption
can elevate the risk of breast cancer, and mela-
tonin plays an important role in this phenom-
enon [3]. The exposure to ALAN, originated
from outdoor sources, such as streetlights and
billboards, and indoor sources, such as elec-
tronic devices like TVs, smartphones, and lap-
tops, might there be a significant risk factor for
promoting the development of breast cancer.

While exposure to blue light at night is a
known disruptor, a study conducted by Har-
vard researchers suggests that the impact of
blue light on circadian rhythms may be more
complex than previously thought [9]. Numer-
ous studies demonstrate a higher incidence

of breast cancer in female night shift work-
ers [10-14]. The International Agency for Re-
search on Cancer (IARC) has classified night
shift work as “probably carcinogenic” due to
limited epidemiological evidence suggesting a
link between night shift work and an increased
risk of breast cancer and other types of cancer
[15]. This classification is based on the con-
sideration of the carcinogenic mechanisms of
alterations in the light/dark schedule, which
can disrupt circadian rhythms and melatonin
production.

Female breast cancer is a leading cancer type
diagnosed globally, accounting for 11.7% of all
cancers in 2020, and is also the leading cause
of cancer death in women, with incidence rates
on the rise [16]. In 2017, Harvard scientists
estimated the cumulative exposure to residen-
tial outdoor artificial light at night (ALAN)
of 109,672 women from 1989 through 2013
using time-varying satellite data. This study
showed that exposure to ALAN may contrib-
ute to invasive breast cancer risk [17]. Epide-
miological evidence concerning the potential
health risks associated with alterations in the
light/dark schedule is growing. A systematic
review conducted by Urbano et al. in 2021,
which included 10 cohort and 7 case-control
studies, found a positive association between
exposure to artificial light at night and breast
cancer risk [18]. However, results from the sis-
ter study by Sweeney et al. published in 2022,
failed to show any association [19].

The use of digital devices such as mobile
phones, tablets, and computers is rapidly in-
creasing worldwide, and their visible light
emissions can have adverse effects on circadi-
an physiology, alertness, and cognitive perfor-
mance levels [20]. While humans have evolved
under predominantly yellow light, digital
screens emit high levels of high energy vis-
ible (HEV) blue light. The photoreceptor cells
in the human eye, known as rods and cones,
are most sensitive to different wavelengths of
light in the visible spectrum. Rhodopsin is the
visual pigment contained in the rods, which
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are photoreceptors that have a peak sensitivity
around 500 nm wavelength and are responsive
to blue-green light, while the cones are most
sensitive to light at around 555 nanometers,
which is in the green-yellow region of the
spectrum. Long wavelength cones (L-Cones),
medium (M cones), and short (S cones) are
sensitive to red light (peak sensitivity at 564
nm), green light (peak at 533 nm) and blue
light (peak at 437 nm), respectively [21]. This
means that the human eye is more sensitive to
shorter wavelengths of light, including HEV
blue light, which has a wavelength of around
400-500 nanometers. This sensitivity to blue
light can be potentially harmful to human
health when exposure occurs at night, as it can
interfere with the body’s natural sleep-wake
cycle. The use of smartphones, tablets, or lap-
tops at night may affect biological rhythms
and increase the risk of breast cancer by sup-
pressing the release of melatonin induced by
exposure to the blue light of these devices.

It is common practice among adolescents
and young adults to use electronic devices
with illuminated screens, such as laptops, tab-
lets, and mobile phones, in bed before sleep-
ing. However, this habit is associated with
reduced nighttime sleepiness, poorer sleep
quality, delayed melatonin production, in-
creased body temperature, decreases in noc-
turnal melatonin production, and disorders in
attention levels during the daytime [22-24],
and should be avoided. Epidemiological and
laboratory studies also show that dysregulated
circadian rhythms can be a potential carcino-
gen [25, 26]. Given the widespread use of dig-
ital screens, it is important to investigate the
potential association between screen time dur-
ing the night and breast cancer risk in the adult
female population. This retrospective case-
control study aims to assess this association.

Material and Methods

Study Participants
This retrospective matched case-control

study included 301 patients diagnosed with
breast cancer (all stages) and 294 controls.
The case group consisted of patients referred
to a breast cancer clinic in Motaharri clinic of
Shiraz between 2016-2020, with their cancer
diagnosis made within the past three years. All
women over 18 years old living in Fars and
neighboring provinces of Iran and with con-
firmed breast cancer diagnosis through histo-
logical studies over the past three years were
included in the study after providing their in-
formed written consent. Women who were not
willing to participate were excluded.

Control Group

The control group was selected based on
the National Institute for Health and Care
Excellence (NICE) guidelines [27]. Non-sick
women with matched age and socioeconomic
factors (education, income, employment, and
residential address) were included. Contact in-
formation, including residential addresses and
telephone numbers of the control group, were
recorded for further review in the study regis-
try system.

If cancer patients provided their written con-
sent, their information was transferred to the
research team for further evaluation. These
individuals were then evaluated for eligibility
according to NICE criteria prior to participa-
tion in the study [27]. The number of subjects
in the control/case group was selected as ap-
proximately 1:1 in order to minimize the role
of known confounding factors.

A questionnaire was developed based on all
known (or suspected) risk factors of breast
cancer [28, 29] to measure environmental and
occupational exposure to ionizing and non-
ionizing radiation, including exposure to blue
light from digital displays, and radiofrequency
radiation from cell phones, Wi-Fi routers, mo-
bile base stations, and cordless phones, as well
as diet and lifestyle. The questionnaire also
examined extensively demographic factors,
physiological parameters, lifestyle, diet, occu-
pational exposure to other detrimental factors
(factors other than ionizing and non-ionizing
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radiation), and drugs. To reduce recall bias
about the level of mobile phone use (either
call time or using mobile phones for surfing
the Internet or accessing social media), infor-
mation regarding surfing time was limited to
recent years. All interviews were conducted
face-to-face by a female interviewer from the
research team who had received necessary
training for a relaxed interview, and the re-
sults were carefully reviewed and monitored
by all project managers. Participants’ weight
and height were measured using standard tools
before each interview. After the interviews, a
number of samples were randomly selected to
verify the information.

Interviews

All individuals were interviewed at the Mo-
tahari Breast Cancer Clinic of Shiraz Univer-
sity of Medical Sciences, located in the Mo-
tahari Clinic. A female interviewer conducted
all the interviews in simple Persian language
to reduce interviewees’ stress and minimize
the effect of inter-reviewer variations in terms
of social communication skills and body lan-
guage. Interviewees were also asked about po-
tential confounders such as the frequency and
type of oral contraceptive pills (OCP) they
used. Regarding screen time, the main focus
was on screen time during the night time (dim
light condition). The data collected by the in-
terviewer were reviewed by the project lead
members. It took approximately 30-40 min-
utes to complete the interview questionnaire
for each participant.

Statistical Analysis

For statistical analysis, the frequency distri-
bution of categorized variables was compared
using the Chi-square test (y2) or Fisher’s exact
test. The independent t-test was used to com-
pare the mean values of continuous variables
between the case and control groups. The un-
conditional logistic regression model was also
used to determine the odds ratios (OR) and
95% confidence interval (CI) to determine

the possible association between non-ionizing
radiation exposure and breast cancer. All sta-
tistical tests were performed on a 2-tailed level
with a significance level of 0.05. All analyses
were performed using SPSS 19 software.

Results

The exposure to light at night that originat-
ed from outdoor sources, such as streetlights
and billboards, and indoor sources, such as
electronic devices like TVs, smartphones,
and laptops, as illustrated in Figure 1, might
be a significant risk factor for promoting the
development of breast cancer. It is known
that of alterations in the light/dark schedule
can disrupt circadian rhythms and melatonin
production, as schematically illustrated in
Figure 2. This might be a mechanism behind
HEV induced cancer. Figure 3 illustrates a
possible mechanism for how too much screen
time could, through dysregulation of the bio-
logical rhythms, increase the risk of breast
cancer.

Table 1 presents demographic information
and other important parameters of the partici-
pants in the control and case groups. To mini-
mize the effects of confounding factors, the
case and control groups were matched. Family
history of breast cancer was also considered
and attempts were made to eliminate its effect
as much as possible. Table 1 also compares the
marital status of participants, history of breast
cancer in first-degree relatives, family his-
tory of other cancers, family economic status,
history of exposure to ionizing radiation, and
exposure type in the control and case groups.

Table 2 shows the frequency of participants
in the control and case groups with respect to
the number of hours of digital display use in
three groups: low exposure, medium exposure,
and high exposure. The difference observed in
weekly hours of digital screen use between
the breast cancer and control groups was not
statistically significant (P=0.214). Table 2
also shows the frequency of participants in
the control and case groups with respect to the
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Figure 1: Illustration of exposure to artificial light at night (ALAN), originated from outdoor
sources, such as streetlights and billboards, and indoor sources, such as electronic devices like
TVs, smartphones, and laptops.
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Figure 2: lllustration of how exposure artificial light at night (ALAN), might increase the
risk for breast cancer through mechanisms such as suppression of melatonin secretion and
dysregulation of biological rhythms. (SCN: Suprachiasmatic Nuclei)
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Figure 3: A possible mechanism for how too much screen time could, through dysregulation of
the biological rhythms, increase the risk of breast cancer.
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Table 1: Frequency and relative frequency of participants in the control and case groups,
demographic information, and some other important parameters.

Controls

Study population

Cases

No. of subjects % No. of subjects %
Under 20 2 0.7 0 0
20-30 27 9.2 18 6
31-40 107 36.4 63 20.9
Age at recruitment, years 41-50 94 32 98 32.6
51-60 50 17 75 24.9
Over 60 14 4.8 47 15.6
Total 294 100 301 100
Under High School Diploma 151 514 173 57.5
High School Diploma 78 26.5 70 23.3
Education Associate Degree 21 7.1 16 5.3
Bachelor’s Degree 43 14.6 40 13.3
Master’s Degree or Higher 1 0.3 1 0.3
. Single 7 8.4
Marital status )
Married 93 91.6
o Negative 89 94
Family Histort of Breast Cancer -
Positive " 9.6
o Negative 79 84.3
Family Histort of Other Cancers -
Positive 21 156.7
History of Exposure to lonizing Negative 18 46.3
Radiation Positive 82 53.7
Less than 3 Times 30.6 46.4
Total Number of Exposure to :
. . 3-5 Times 52.7 36.6
lonizing Radiation :
Over 5 Times 16.7 17
. Radiography 34.7 68.3
Source of Exposure to lonizing i
L Radiography+CT Scan 65.3 29.3
Radiation i
Radioscopy 0 24
Low 85 4.7
Family Income Medium 15 25.3
High 0 0
_ Smoker 39 13.3 41 13.9
Smoking status
Nonsmoker 254 86.7 253 86.1
) Never regular 287 100 243 100
Alcohol consumption :
Current drinker 0 0 0 0
N Yes 17 455 126 48.6
Contraceptive Pills
No 140 54.5 133 514
) _ Yes 64 218 136 455
Physical Exercise
No 229 78.2 163 54.5
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Study population

Yes
No
Pre Menopause

HRT history

Menopause
Post Menopause

Under 19
BMI 19-27
Over 27
HRT: Hormone Replacement Therapy, BMI: Body Mass Index

Controls Cases

No. of subjects % No. of subjects %
45 174 24 88.8
214 82.6 190 1.2
178 69 83 29
79 31 201 14l
16 5.5 6 2
165 56.3 123 41
12 38.2 171 57

Table 2: Exposure of control and case participants to the High Energy Visible (HEV) blue light

generated by digital display screens.

Number of participants

Variable P value
Control Breast cancer group

<7 12 85

Digital Screen Use (hours/week) 7-14 42 42 0.214
>14 23 29
<0.25 33 22

Digital Screen Use in Dim Light (hours/day) 0.25-0.50 44 31 0.885
>0.50 42 25
<7 79 94

Size of Mobile Phone/Tablet Screen (inches) 7-15 126 90 0.03
>15 86 91

number of hours of use of digital display
screens in low light conditions, in the three
groups of low exposure, medium exposure,
and high exposure. No statistically significant
difference was found between the breast can-
cer and control groups in terms of daily hours
of digital screen use in dim light (P=0.885).
However, the size of the digital display screens
used showed a statistically significant differ-
ence between the breast cancer and control
groups (P=0.03).

Heavy Users

Table 3 presents the frequency of “Heavy
User” participants in the control and case
study groups regarding digital screen time.

It also shows the frequency of “Heavy User”
participants in the control and case study of
the use of digital display screens in low light
conditions (late night hours). The cumulative
case study of the use of digital display screens
in low light conditions (late night hours) is
also presented in the Table 3.

Findings
model

In the logistic regression model, univariate
logistic regression was used to select impor-
tant variables, and then multivariate logistic
regression was performed with variables of
age, average working time with digital screens,
screen size of these devices, history of use of

of Logistic regression

J Biomed Phys Eng 2024; 14(2)
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screens (years), cell phone use for calls (talk
mode), standby time (cell phone use when it is
switched on but there are no calls, internet use,
etc.), cellular internet use, cordless phone use,
and sleep disorders. The history of screen use
(years of use) was statistically significant, with
an odds ratio (OR) of 0.725, 95% confidence
interval (CI) of 0.595-0.883, and P value of
0.001, indicating that the risk of breast cancer
decreased by 0.725 with a one-year increase
in screen use. The variable of mobile phone
daily standby time was also statistically signif-
icant, with an OR of 0.380, 95% CI of 0.244-
0.592, and P value less than 0.001, indicating

decreased odds of occurrence by 0.380 with
an hour increase in daily mobile phone use in
standby mode (non-talk mode, only switched
on). Table 4 summarizes the results of the lo-
gistic regression model.

Contrary to early findings, when only the
data of “Heavy Users” groups were analyzed,
the pattern of results was entirely different for
some parameters. This analysis showed that
exposure to digital screens at night was par-
ticularly higher in breast cancer patients com-
pared to the control group. Cumulative use of
digital display screens in low light conditions
was also higher in the breast cancer group

Table 3: Use of digital screens in control and case groups in top 25% Heavy Users.

S I
ar:npe Mean SD Significance
Size
) ) Controls 63 18.7 8.8
Screen Time Per Week (hours/week) Screen Time 214 h/week NS (P=0.561)
Cases 68 19.3 94
L , Controls 39 1.95 114
Screen Time in Dim Light (hours/day) Screen Time =1 h/day NS (P=0.073)
Cases 21 1.55 1.02
Cumulative Screen Time in Dim Light (hours) Screen Controls 54 12141.7 49229
NS (P=0.08)

Time 28,400 h
NS: Non-significant, SD: Standard Deviation

Cases

31

138274 67136

Table 4: Univariate logistic regression model is firstly used to select important variables and then
multivariate logistic regression model with variables of age, average working time with digital
screens, screen size of these devices, history of use of screens (years), cell phone use for calls (talk
mode), stand-by time (cell phone use when it is switched on but there are no calls, internet use,
etc.), cellular internet use, cordless phone use, sleep disorders is done.

Predictor OddsRatio o 950r)  significance
(OR)
Al Users The history (years) of screen use 0.725 0.595-0.883 P=0.001
The daily use of mobile phone in standby mode 0.380 0.244-0.592 P<0.001
Using digital screens >30 min/day in dim light
Heavy Users before sleep in breast cancer patients compared 1.156 0.6307 t0 2.1202 NS P=0.630

to controls

CI: Confidence Interval, NS: Non-significant
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than in the control group. The extent to which
these findings are consistent with a non-linear
J-shaped dose-response model is discussed in
the “Discussion” section of this paper.

Discussion

Recent research suggests that women with
a family history of breast cancer, particularly
those who carry mutated BRCAI or BRCA2,
should limit their screen time at night [30].
Using sunglasses with amber lenses or night
mode settings, which decrease susceptible
women’s exposure to smartphones’ HEV blue
light before sleep, can mitigate the dysregula-
tion of circadian rhythm and decrease the risk
of breast cancer. A study performed in Spain
also reports a link between exposure to blue
artificial light at night and an increased risk of
breast and prostate cancers [31].

From a broader perspective, natural light
and its daily cycles are essential for all living
organisms [32]. However, exposure to light at
night, particularly short-wavelength visible
light emitted from digital screens of mobile
phones, tablets, laptops, and even TVs, can
represent a risk to human health and increase
the risk of female breast cancer, possibly
through changes in biological rhythms. At first
glance, this study found no statistically signifi-
cant difference in the exposure to light emit-
ted from digital screens between the breast
cancer group and the control group. However,
this may be due to factors such as the control
group’s higher level of screen time in low
light conditions (night hours) compared to the
cancer group.

It is noteworthy that substantial evidence
links only exposure to light at night with an in-
creased risk of cancer. However, when assess-
ing the 10-year cumulative exposure to digital
screens in heavy users of both the breast can-
cer and control groups, the mean exposure
was higher in the breast cancer group than in
the control group, although not statistically
significant. This finding highlights the need
for further attention to cumulative exposures.

Using a logistic regression model, the number
of years of screen use time and the average
daily standby time were statistically signifi-
cant. However, when only heavy user individ-
uals were included in the analysis, the pattern
of results was quite different. The time factors,
such as exposure to digital screens, especially
at night hours (low light condition), cumula-
tive digital screen use in low-light conditions,
were higher in the cancer group compared to
those of the control group. For example, the
likelihood of using digital screens for more
than 30 min/day in dim light conditions was
higher in breast cancer patients, indicating that
cancer patients had a higher chance of being a
heavy digital screen user. However, whether
these findings show a J-Shaped dose-response
model requires further investigation.

Heavy users of digital screens, such as mo-
bile phones, tablets, and laptops, may be at a
higher risk of developing cancer or other ad-
verse health effects due to several factors in-
cluding higher exposure to blue light, more
sedentary behavior and less physical activity
[33]. Although heavy users in the case group
of our study had a statistically significant
higher mean 10-year cumulative exposure to
digital screens compared to the control group
(7089+14985 vs 4052+12515 hours, respec-
tively, P=0.038), generally our study did not
find a strong relationship. Therefore, it would
be premature to draw firm conclusions about
the effects of blue light emitted from digital
screens on breast cancer risk in women. It is
possible that different factors contributed to
these negative findings.

Firstly, the cases in our study were individu-
als referred to the recruiting clinic between
2016-2020 with breast cancer diagnosed no
later than 3 years earlier, during the incidence
period of 2013-2020. Blue-light emitting
screens were not in widespread use for many
years before the first (and even the most re-
cent) diagnoses. It is possible that users were
not yet fully at risk of developing cancer from
exposure to such screens.

J Biomed Phys Eng 2024; 14(2)
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In addition, the possible effect of other blue
light emitting devices should be considered.
Blue light emitting devices now may include
TVs, computer screens, mobile phones, and
indoor/outdoor lighting. A limitation of our
study was this point that not all of these sourc-
es were included in our exposure assessment.

Moreover, people who spend a lot of time
on watching TV, may spend less time on mo-
bile phone screens. Additionally, exposure to
the melanopic band of light (wavelength of
~480 nm) may not be increased in the same
way by all types of LED lights/screens. Some
LEDs may not have higher emissions in such
a band than non-LED sources of indoor/out-
door lighting. Finally, at least to some extent,
there were differences in age, education and
BMI between cases and controls. These char-
acteristics may be associated with differences
in digital screen time.

Further studies, similar to the one conducted
by Harvard in 2017, would be advantageous
based on our research findings. The Harvard
study estimated cumulative LAN exposures of
109,672 women from 1989 through 2013 using
time-varying satellite data [17]. The Harvard
study showed that exposure to residential out-
door LAN may contribute to invasive breast
cancer risks [17]. However, the Harvard study
has limitations, including that it was conduct-
ed on nurses and cannot be extrapolated to the
entire female population, personal exposure to
HEV blue light emitted from digital screens
was not accurately measured, and the key role
of exposure to short-wavelength visible light,
especially the blue light from digital screens,
was ignored.

Based on our research findings, conduct-
ing further studies similar to the one carried
out in Spain would be advantageous. This
study showed a correlation between exposure
to LAN, particularly short-wavelength blue
light, and an increased risk of breast and pros-
tate cancers [31]. However, the study conduct-
ed in Spain had major shortcomings, including
inadequate data collection and lack of accurate

measurements of personal exposure to blue
light emitted from digital screens.

Some of our findings partially support re-
ports indicating no correlation between expo-
sure to LAN and an increased risk of breast
cancer. For example, a study by Johns et al.
collected data on the level of bedroom light
and sleeping patterns of 105,866 participants
without a history of breast cancer and showed
no evidence that LAN exposure increased the
risk of subsequent breast cancer [34]. Howev-
er, this study had major shortcomings, includ-
ing ignoring the key role of exposure to blue
light emitted from widely used digital screens
on melatonin suppression and poor study de-
sign [35].

On a broader perspective, our findings may
support those of a recent study that found
the expression profile of BRCAI and BRCA2
genes in lymphocytes regularly changes over
a 24-hour period. The study suggests a relation
of the DNA double-strand break repair system
with the biological clock, and lower levels of
BRCAI and BRCA2 found in shift workers
may be one of the potential factors related to
the higher risk of breast cancer [36]. Based on
our findings, it can be hypothesized that heavy
screen time, through mechanisms such as sup-
pression of melatonin secretion and dysregu-
lation of biological rhythms, might increase
the risk of breast cancer, as illustrated in
Figure 2.

Our findings also prompt us to continue
conducting studies on female shift workers.
While some recent reports have suggested that
LAN may not always affect melatonin pro-
duction [37], a recent study on female nurses
showed hypomethylation of 7P53 and BRCA
in current and former night shift (NS) work-
ers with less than 12 years of night shift work.
The study also revealed a correlation between
telomere length (TL) and the number of years
worked on NS, suggesting that markers asso-
ciated with night shift work may contribute to
cellular aging, genomic instability, and cancer
development [38]. Shift workers have also
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been found to have lower levels of BRCAI
and BRCA2, which are genes involved in DNA
double-strand break repair. This may be a po-
tential factor associated with the higher breast
cancer risk observed in night shift workers
[39].

A pooled analysis of population-based case-
control studies that included complete work
history on the potential link between night
shift work and breast cancer showed a higher
risk in pre-menopausal current or recent night
shift workers (OR=1.41, |1.06-1.88]) com-
pared to women who had stopped night shift
work more than 2 years earlier. The authors
concluded that night shift work increases
the risk of breast cancer in pre-menopausal
women [40].

A Norwegian cohort study on the effects of
shift work on TL and its association with breast
cancer risk demonstrated that intensive night
work schedules, such as working six consecu-
tive nights for more than 5 years, were associ-
ated with decreased telomere lengths (-3.18,
95% CI: -6.46 to -0.58, P=0.016). Moreover,
in workers with long periods of consecutive
night shift schedules, telomere shortening was
associated with an increased risk of breast
cancer. These findings suggest that telomere
shortening may be linked to the duration and
intensity of night work [41].

In breast cancer patients, moderate exposure
to night work was linked to DNA methylation
in core circadian genes (CLOCK, BMALI,
CRYI, and PERI genes) in nurses working
night shifts compared with controls. There-
fore, it can be suggested that epigenetic regu-
lation of CLOCK, BMALI, CRY1, and PERI
may be involved in the increased breast cancer
risk observed in shift workers [42].

We acknowledge that our study, as with any
retrospective study, has certain limitations,
such as potential difficulties in accurately esti-
mating past exposures. Nevertheless, we made
efforts to utilize appropriate study design, sta-
tistical methods, and meticulous consideration
of potential biases in order to mitigate these

inherent limitations.

Conclusion

Natural light and its daily cycles play a cru-
cial role in regulating the biological rhythms
of living organisms. However, LAN, espe-
cially the HEV blue light emitted from digi-
tal screens, may pose a risk to human health
and increase the incidence of breast cancer by
disrupting these rhythms. Our study highlights
the need for further investigation into the po-
tential link between heavy screen time and an
increased risk of breast cancer associated with
cumulative exposure to HEV blue light emit-
ted from mobile phone screens at night. More-
over, our findings suggest that the cumulative
exposure to short-wavelength blue light emit-
ted from digital screens of mobile phones at
night is a more crucial factor than the quality
and quantity of short-term exposures. These
findings prompt us to fully review all of the
previous studies demonstrating a higher in-
cidence of breast cancer in female night shift
workers. However, it is premature to draw
firm conclusions, as we still do not fully un-
derstand the extent to which blue light emit-
ted from digital screens may affect the risk of
breast cancer in women. Large-scale cohort
studies should be conducted to increase our
understanding of the possible correlation be-
tween heavy use of digital displays at night
and breast cancer.
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