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were rated as Tier 3. Out of the three in vivo studies, there 
was one (33.3%) Tier 1 study, which had a “definitely low” 
risk of bias in all applicable domains, and two (66.6%) Tier 
3 studies. Nonetheless, Tier 3 evidence was considered for 
further analysis due to a limited number of included in vivo 
studies. Zero (0%) in vitro studies had a “definitely low” or 
“probably low” risk of bias in all applicable domains.

(2)	 Confidence in the bodies of evidence

Three human studies, which included two Tier 3 stud-
ies, were considered in the body of evidence confidence 
rating for each health outcome. No animal studies were 

considered, as none were found in included articles. Mech-
anistic in vitro studies were not included in this step, per 
OHAT handbook [22]. Table 1 shows the final confidence 
levels in the body of evidence for the four main clinical 
outcomes: skin pigmentation (high confidence, ++++), 
skin redness and yellowness (high confidence, ++++), 
melasma exacerbation (high confidence, ++++), and skin 
photoaging (low confidence, ++). Supplemental Table 5 
contains further details involved in determination of these 
confidence ratings and factors that upgraded or down-
graded the confidence of each outcome by one level for 
each factor. All studies had an initial confidence rating of 
high (++++).

Fig. 2   Quality assessment ratings for individual studies. ++ : definitely low risk of bias, + : probably low risk of bias, -: NR/ not reported/prob-
ably high risk of bias, –: definitely high risk of bias, *key features considered in tier criteria

Table 1   Confidence ratings and hazardous identifications determined by the OHAT framework

  ++++ : high confidence
 +++ : moderate confidence
 ++ : low confidence
 + : very low confidence

Health effect Confidence in body 
of evidence (Step 2)

Effect direction (Step 3) Level of evidence for health 
effect (Step 3)

Hazard identification conclusions 
(Step 4)

Skin pigmentation  ++++ No effect Evidence of no health effect Not identified to be a hazard to 
humans

Skin redness/yellowness  ++++ No effect Evidence of no health effect Not identified to be a hazard to 
humans

Melasma exacerbation  ++++ No effect Evidence of no health effect Not identified to be a hazard to 
humans

Skin photoaging  ++ Health effect Low level of evidence for health 
effect

Not classifiable to be a hazard to 
humans
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(3)	 Health effects

Health effects are summarized in Table 1 and detailed in 
Supplemental Table 5. The evidence with high-level con-
fidence showed BL from electronic devices did not have a 
health effect on skin pigmentation, skin redness, skin yel-
lowness, and melasma exacerbation. Evidence with low-
level confidence showed that BL from electronic devices 
did have a photoaging health effect.

(4)	 Hazard identification

Final hazard identification conclusions are summarized 
in Table 1. BL from electronic devices was not identified 
as a hazard to human skin pigmentation, skin redness, skin 
yellowness, or melasma exacerbation, as high-level evidence 
did not find these health effects. BL was not classifiable as a 
hazard to human skin photoaging due to associated evidence 
having low-level confidence. In vitro data did not provide 
strong evidence to support upgrading the hazard identifica-
tion conclusion for skin photoaging.

3.6 � Discussion

Based on the current literature, BL from electronic devices 
was not determined a hazard to human skin pigmentation, 
redness, yellowness, or melasma activity and was not clas-
sifiable as a hazard to human skin photoaging. Apart from 
photoaging, which was based on Tier 3 evidence, these con-
clusions were determined from studies with the highest level 
of evidence.

The level of confidence in studies was primarily affected 
by irradiation exposure parameters and choice of tested sub-
strate, which varied significantly among the included stud-
ies. Findings representative or suggestive of negative health 
effects were found frequently among bodies of evidence 
that received a low confidence rating. This was primarily 
influenced by low confidence in exposure characterization 
in the OHAT risk-of-bias ratings. Electronic devices emit 
BL at a very low irradiance, approximately 30 µW/cm2 [7]. 
However, most of the included studies used irradiances two 
to three orders of magnitude greater [7, 9]. The findings, as 
such, should be interpreted with caution. These studies may 
have utilized high irradiances to recreate long-term exposure 
in a shortened amount of time [24]. With VL phototesting 
still being a relatively new area of study, standard guidelines 
for testing are not yet in place. Therefore, until appropri-
ate testing ranges are established, irradiation parameters 
in study protocols must be deliberatively chosen to mimic 
irradiation levels of actual electronic devices as closely as 
possible to obtain clinically relevant results.

Outcomes indicative of negative health effects were found 
among all included in vitro studies. However, findings of 
in vitro studies are not intended to identify a disease pheno-
type. Rather, they are meant to detect cellular, biochemical, 
and molecular processes or early biomarkers [22]. For this 
reason, mechanistic data from in vitro studies is integrated in 
the last OHAT step, rather than during determination of con-
fidence in the body of evidence for each health effect outcome 
[22]. Additionally, in vitro studies may be more sensitive to 
interventions, such as irradiation, as structural integrity, barrier 
function, and physiologic repair mechanisms are not main-
tained [25]. In vitro studies also cannot account for FST, which 
is an important factor to consider, as VL primarily exerts clini-
cal changes on FST IV–VI skin [1].

Findings of this study suggest the established effects on skin 
by BL from sunlight are not induced by the low-intensity BL 
from electronic devices [1, 3, 5, 26]. As such, based on avail-
able evidence, we do not consider it necessary to use sunscreen 
protective against blue light while using electronic devices 
indoors in a room without sunlight from a window. Clinicians 
and consumers should be aware of the clinically unsupported 
claims of skin photodamage induced by BL from electronic 
devices. This information can be used to guide patients on the 
environmental conditions that require photoprotection, lifestyle 
practices, and purchase of evidence-based skin care products.

3.7 � Conclusion

Using the OHAT approach for systematic review and integra-
tion of the current evidence, BL from electronic devices was 
not identified as a hazard to human skin pigmentation, redness, 
yellowness, and exacerbation of melasma. BL from electronic 
devices was not classifiable as a hazard to human photoaging. 
A larger number of future studies with minimal bias and expo-
sure levels representative of electronic devices is warranted to 
verify and strengthen these hazard identification conclusions.
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