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Abstract: Blue light-filtering (BLF) intraocular lenses (IOLs) are designed to mimic the healthy natural adult crystalline lens. Studies
that evaluated the relative merit of ultraviolet-only IOL design (ie, blocking wavelengths <400 nm) versus BLF IOL design (ie,
filtering wavelengths ~400—475 nm in addition to blocking wavelengths <400 nm) on protection and function of the visual system
suggest that neither design had a deleterious impact on visual acuity or contrast sensitivity. A BLF design may reduce some aspects of
glare, such as veiling and photostress. BLF has been shown in many contexts to improve visual performance under conditions that are
stressed by blue light, such as distance vision impaired by short-wave dominant haze. Furthermore, some data (mostly inferential)
support the notion that BLF IOLs reduce actinic stress. Biomimetic BLF IOLs represent a conservative approach to IOL design that
provides no harm for visual acuity, contrast sensitivity, or color vision while improving vision under certain circumstances (eg, glare).
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Introduction

The visible spectrum is a relatively narrow portion of the electromagnetic spectra ranging from 380 to 740 nm. Energy
and wavelength are inversely related; shorter-wavelength light is inherently more damaging to surface tissues such as
skin and eyes,'” with longer wavelengths playing a more important role in visual function (Figure 1). The native
crystalline lens filters ultraviolet (UV) light and reduces transmission of short-wave or “blue” light.' Although the
crystalline lens is highly transparent in children, light transmission gradually decreases with age, especially at shorter
wavelengths, as shown by the dotted lines in Figure 1. Transmission of 480-nm light, for instance, is expected to decrease
by 72% between the ages of 10 and 80 years.” In addition to lens absorption, the pigments within the inner layer of the
macula (ie, meso-zeaxanthin, lutein, and zeaxanthin) absorb wavelengths between 380 and 520 nm.*?

After cataract extraction, the cloudy native lens is replaced with an artificial intraocular lens (IOL). According to their
transmittance properties, IOLs can be classified as UV-only lenses designed to block UV light or blue lightfiltering
(BLF) lenses developed to mimic the naturally aged human lens (Figure 1). As occurs with the natural crystalline lens,
filtering light between 380 and 500 nm is designed to provide protection and visual benefits while causing “no harm”
with respect to visual function; multiple types of BLF IOLs are currently available (Table 1).

The aim of this review is to evaluate recent literature and assess effects of BLF on visual and nonvisual health and
function while maintaining a clinical perspective. The impact of BLF on visual function (ie, visual acuity, contrast
sensitivity, and color vision) and ocular and systemic health (ie, retinal protection and regulation of circadian rhythms) is
also reviewed.

Methods

The initial reference list for this narrative review was provided by the authors. An additional literature search of PubMed
was performed (search terms included age-related macular degeneration, blue light filtration, circadian rhythm, color
vision, contrast sensitivity, glaucoma, visual acuity), and search results were screened for relevance. The reference lists
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Figure | Transmittance on the UV-violet-blue spectral zone of the human crystalline lens at different ages (dotted and dashed).
Note: Commercial BLF and UV-only IOLs have been added for comparison. Data from Hartzer MK, et al.®
Abbreviations: BLF, blue light filtering; IOL, intraocular lens; UV, ultraviolet.

from relevant publications were reviewed for additional articles of interest. Included were publications in English from

peer-reviewed journals.

Blue Light Filtration and Visual Function
Visual Acuity and Contrast Sensitivity

The first goal of any IOL is to maintain and improve spatial vision,’ classically measured as visual acuity and contrast

sensitivity. A recent meta-analysis suggests that there are no clinically meaningful differences in corrected distance visual

Table | Summary of Blue Light—Filtering Intraocular Lenses®

Blue Light-Filtering Intraocular Lens

AST Products

Asqelio EDOF Yellow
Asqelio Monofocal Yellow

Asgelio Trifocal Yellow (toric and nontoric)

Alcon

AcrySof 1Q SN60WF

AcrySof Natural SN60AT

AcrySof 1Q Vivity

1Q PanOptix TNFTO00 (nontoric) and TFNT (toric)
Clareon SY60WF (nontoric) and CNWO0T2-9 (toric)

Bausch + Lomb

EyeCee One

Hoya

AF-1 (UY) YA-60BB
YA-60BBR

iSert PY-60AD
Vivinex iSert XY

(Continued)
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Table | (Continued).

Blue Light-Filtering Intraocular Lens

HumanOptics TRIVA-aAY Safeloader
i-Medical BioLine Yellow Accurate
Medennium, Inc. Aurium Matrix Model 400
Menicon ENV-13

Morcher Type 46G

Optech PC440Y

Oculaid PC 440Y Orange Series

PhyslOL YellowFlex
Rayner RayOne Hydrophobic BLF
Tekia Contamac C126 Yellow

Johnson & Johnson Vision | Tecnis Synergy OptiBlue DFW (toric and nontoric)

Tecnis Symfony OptiBlue DXROOV (nontoric) and DXW (toric)

Tecnis iTec preloaded OptiBlue PCBOOV

Tecnis | piece OptiBlue ZCBOOV

Tecnis Symfony OptiBlue with IntelliLight ZXR0O0V (nontoric) and ZXW (toric)

Notes: *Alcon intraocular lenses filter 400—475 nm wavelengths. Other manufacturers may use different filtration chromophores.
OptiBlue intraocular lenses by Johnson & Johnson Vision have a violet light filter.

acuity (CDVA) or contrast sensitivity in patients with BLF versus UV-only IOLs.® A recent prospective randomized
clinical study in 60 patients with bilateral cataract surgery reported no significant differences in uncorrected distance
visual acuity or contrast sensitivity in eyes with BLF versus UV-only IOLs 60 days after surgery. Contrast sensitivity was
significantly lower under glare conditions for BLF versus UV-only IOLs (P<0.05) at some spatial frequencies (12 and 3
cycles per degree).” However, a consecutive case-control study in 60 patients who received BLF or UV-only IOLs found

no significant differences in CDVA or scotopic contrast sensitivity with or without glare.'”

An intraindividual comparison
in 47 patients found no significant differences in uncorrected visual acuity, best corrected visual acuity, or contrast vision
in eyes with BLF versus UV-only IOLs at 11 to 13 months after surgery.'' A similar conclusion was reached in a 5-year
longitudinal study that reported no significant differences for contrast sensitivity under photopic or scotopic conditions
with BLF versus UV-only IOLs.'* The results of these studies suggest that BLF IOLs appear to have no effect on visual

acuity compared with UV-only IOLs and support the “no harm” hypothesis.

Color Vision
Multiple studies assessed the effects of BLF IOLs on color vision and found no differences when using common clinical tests (eg,
Farnsworth-Munsell 100-hue test) or clinical devices (eg, anomaloscope).'>'® However, most of these gross clinical measures
(eg, pseudoisochromatic plates) were designed to identify major color defects'” and may miss subtle differences in actual visual
perception. Furthermore, recognizing that two colors match or detecting a hidden figure is different than measuring whether blue
actually looks the same to an individual with a perfectly clear or BLF IOL. On the other hand, the white point method using
a tricolorimeter to evaluate perception of white light may be a better assessment of color vision and defects.'®
Previous reports and reviews suggested no long-term effect of BLF IOLs on chromatic discrimination.*!:!*1?
Several studies, however, have indicated a transient effect of BLF IOLs on tritan-based discrimination soon after cataract
surgery. In one study, chromatic discrimination assessed in 44 eyes using the Farnsworth-Munsell 100-hue test was
significantly better for UV-only IOLs compared with orange-tinted BLF IOLs at 3 months postimplantation.”’

A prospective case-series study in 55 patients reported cyanopsia was significantly more common in patients receiving
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BLF IOLs versus violet-filtering IOLs at 1 week. There was no significant difference in cyanopsia between groups 1
month after surgery.®' This finding reflects the general observation that effects of BLF on color matching for blue hues is
transient, and the visual system recalibrates within a relatively short time.*?

Color, like many aspects of vision, is perceptual and dynamic, and the visual system will adapt over time. A long-
term follow-up in 30 patients who underwent bilateral cataract surgery and received either BLF or UV-only IOLs
reported no significant differences between groups on the Farnsworth-Munsell 100-hue test after 5 years.'> More
recently, chromatic discrimination in 60 patients was tested using the anomaloscope for the Moreland blue-green test.
There was an anticipated shift in chromatic discrimination in the blue part of the spectrum in patients with BLF IOLs;
however, no significant differences were observed for blue light discrimination for BLF versus UV-only IOLs, although
a slight shift was observed toward green and yellow.'®

To better assess color appearance in patients with BLF IOLs, a recent study used the achromatic (white point)
method. This method is based on patient response to the appearance of light; the white point is achieved when the
chromatic systems are balanced.'® A custom-built tricolorimeter was used to test white light perception by mixing three
primary colors. Additive trichromatic colorimetry was used to measure color appearance with BLF IOLs, UV-only IOLs,
and natural lenses. Patients were asked to identify “pure white”, and color appearance was expressed as chromaticity
coordinates. No significant differences in color appearance were observed in eyes with BLF IOLs compared with UV-
only IOLs (Figure 2).'® Similar outcomes were observed in participants using BLF versus clear contact lenses.”> When
comparing different age groups, a small shift in the white point was observed, suggesting that color perception in younger
adults was different compared with older adults with BLF and UV-only IOLs.'® Based on these results, the BLF would
have minimal effect on long-term color appearance in patients who received artificial IOLs after cataract surgery.

Glare

Glare is a general phenomenon that takes many deleterious forms for a typical patient with cataracts.>* Increased
intraocular scatter and the associated higher-order ocular aberrations from ocular inhomogeneities and bright light can
cause veiling (glare disability), halos, and spokes that form around an intense point source (positive dysphotopsia) or
increase pain and discomfort (glare discomfort). Even when not manifested as overt disability and discomfort (and at
lower light intensity), scatter and aberrations degrade many of the fine aspects of vision, such as reduced contrast
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Figure 2 Between-group comparison of the chromaticity coordinates of the BLF (x) and clear (o) IOL groups.

Note: Adapted from Hammond BR, Jr., Wooten BR, Saint SE, Renzi-Hammond L. The effects of a blue-light filtering versus clear intraocular implant on color appearance.
Trans| Vis Sci Technol. 2021;10(12):25 (https://creativecommons.org/licenses/by/4.0/).'®

Abbreviations: BLF, blue light filtering; IOL, intraocular lens.
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sensitivity across frequencies. Implanting an IOL often ameliorates many of these issues, but some visual complaints can
remain. Light scattering by the nasal edge of the IOL can cause a perceived shadow over the temporal peripheral region
(a form of negative dysphotopsia).*’

Several studies reviewed by Hammond in 2019* reported that BLF reduced such symptoms.?®° In a recent study,
effects of BLF on light scatter were assessed in 52 participants with different levels of iris pigmentation. Eyes with BLF
IOLs could perceive 2 point sources of light with significantly less distance between them compared with eyes implanted
with UV-only IOLs under both broadband and short-wave experimental conditions; these outcomes were further
improved in participants with darker iris color.*® These results suggest that filtering blue light (a strategy often employed
in nature)®' improved some of the detrimental effects of broadband light and decreased the 2-point light threshold.

However, some reports suggest that BLF IOLs can increase the perception of glare while driving at night. A recent study
found that 9/80 (11%) patients with BLF IOLs complained of glare issues while driving at night compared with 0/83 patients
with UV-only IOLs.** Such results are hard to interpret, and it is not clear, mechanistically, how a filtering lens would increase
the perception of glare; previous studies that measured driving safety found that BLF IOLs improved driving under glare
conditions.>>** The perception of glare might be due to a negative effect of BLF on scotopic functioning.®” This interpretation,
however, seems unlikely because of a minimal overlap between BLF IOL optical density and scotopic sensitivity. The
reduction of broadband light by a BLF IOL versus UV-only IOL is equivalent to an optical density of ~0.07 log units, which is
inconsequential when compared with scotopic sensitivity range over 4 log units.** Thus, BLF IOLs represent significant
increase in blue light reception compared with a lens with cataracts (although not as much blue light as would be transmitted
through a completely clear IOL). The system is dynamic, so sensitivity adjusts to offset normal changes on preretinal filtering.

Enhanced Long-Distance Vision: Visibility Hypothesis

Young healthy eyes, even with the same refractive condition, differ in how far they can see (visual range).”> Walls and
Judd suggested that distance vision was a common challenge across species that was aided by intraocular BLF (eg,
pigmented oil droplets in the eyes of birds).>® More recently, these effects were modeled for humans and their natural
macular pigments (MP) that block high-energy blue light, leading to the proposed “visibility hypothesis” (Figure 3).>
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Figure 3 Relative energy and percentage of transmission for blue haze, clear (UV-only) IOL, and BLF IOL.
Note: Data from Wooten and Hammond.>’
Abbreviations: BLF, blue light filtering; CCT, correlated color temperature; IOL, intraocular lens; UV, ultraviolet.
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Based on this analysis, an individual with high levels of MP would be able to see ~30% farther than an individual with
low levels of MP.>” This prediction was confirmed in a study that used a variable path-length filter with carotenoid
solution to mimic the absorption spectrum of MP. When contrast thresholds were assessed under blue haze conditions,
simulated MP caused an average improvement of 25%.%® A cross-sectional study measuring contrast sensitivity function
(CSF) under blue haze conditions found a similar effect: individuals with higher MP detected the grating through denser
haze than those with lower MP levels.*® Furthermore, an effect of lutein and zeaxanthin supplements (increasing retinal
BLF) on improving contrast sensitivity is a relatively consistent finding.***>

The ultimate effect of BLF on the CSF is likely situation-specific. Filtering may improve the CSF under some
conditions (eg, blue haze) and be a null factor in other situations (eg, stimuli with minimal short-wave energy or dim light
conditions). Both the photopic and scotopic systems have large dynamic ranges (eg, BLF filtering would be analogous to
a few seconds of dark adaptation); therefore, mechanistically, we do not expect BLF filtering to be detrimental under
most conditions.

Blue Light Filtration, Ocular Health, and Systemic Health
Age-Related Macular Degeneration and Blue Light

Age-related macular degeneration (AMD) is a late-onset, multifactorial disease caused by multiple genetic variants that
leads to irreversible vision loss. Increased risk of late AMD is linked to increasing age, smoking, cataract surgery, and
family history.*® Drusen (acellular polymorphous debris) and pigmentary abnormalities are characteristic signs of AMD;
together with geographic atrophy and neovascularization, they can be used to classify AMD severity. The two types of
macular degeneration are dry AMD, characterized by geographic atrophy at the advanced stage, and wet AMD, character-
ized by choroidal neovascularization and pigment epithelial detachment associated with rapid progression of vision loss.*’

High-energy visible blue light in the 400- to 500-nm wavelength range can cause tissue damage, including photo-
chemical damage to the retina and retinal pigment epithelium (RPE) cells, and may contribute to AMD.**? In a case-
control study with 3701 participants from the European Genetic Database, AMD was significantly associated with both past
sunlight exposure and outside work.** However, there was no evidence that environmental light exposure resulted in AMD,
and although acute exposure to phototoxicity would be damaging to the macula, it would not simulate lifelong environ-
mental light exposure.> It would be difficult, if not impossible, to do the absence-of-proof studies that would provide the
evidence that is absent.’>>* Because chronic interventions and longitudinal data are not available, most scientists do acute

laboratory studies®>>° 57,58

and make inferences; these inferences are based on a fairly voluminous body of evidence.
Because BLF IOLs mimic a younger lens, patients would receive significantly more blue light after cataract surgery

compared with presurgical levels (but not all blue light as would occur with a clear IOL or in the eyes of an infant).

Protective Role of Blue Light Filters: In Vitro Studies

Retinal pigment epithelium cells support photoreceptor cells, and damage to and loss of RPE cells are characteristic of
AMD.* Recent in vitro studies suggested possible protective effects of BLF, including reversal of blue light effects on
cell viability, metabolic activity, and cell shape in spontaneously arising retinal pigment epithelial 19 (ARPE-19) and
primary RPE cells and improved survival under blue light-emitting diode (LED) irradiation in porcine primary RPE
cells.®* % Another study in ARPE-19 cells, however, reported that BLF IOLs did not reduce the expression of heme
oxygenase-1 or have a protective effect on mitochondrial membrane potential in these experiments, although blue LED
light exposure led to increased oxidative stress (measured by heme oxygenase-1 levels).®*

The results of these in vitro studies confirm that blue light can cause damage to RPE cells. Some of the studies
supported the protective function of BLF IOLs,°* %% but others did not report significant effects with BLF,*® possibly
because of variations in study design and assessments. All these studies support the “no harm” hypothesis.

Furthermore, in vitro studies reported a higher proliferation rate of human uveal melanoma cells exposed to blue light
compared with control samples shielded from blue light.*+*> Although rare, uveal melanoma is associated with high
mortality because of its high propensity to metastasize to the liver®® and limited treatment options. Although current
evidence suggests blue light may be potentially harmful and BLF IOLs could prevent the increase in proliferation of
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uveal melanoma cells,®” additional studies are needed to assess whether BLF IOLs may reduce the risk of uveal
melanoma.

Protective Role of Blue Light Filters: Clinical Studies

Clinical studies provide conflicting evidence about the role of BLF IOLs in protection against AMD. AMD develops over
a lifetime; although damage to disease tissue cascades (an argument for increased protection later in life), for many, the
disease may have progressed too far. A meta-analysis of clinical trials reported no clinically meaningful difference in the
development of AMD in patients receiving BLF IOLs versus those with UV-only IOLs and suggested that the benefits of
BLF IOLs remained inconclusive.® However, the variability in methodologies and the use of AMD diagnosis as an
endpoint to evaluate the effects of BLF IOLs may also complicate interpretation of the outcomes.

A registry-based, real-world cohort study in Finland assessed effects of BLF IOLs on prevention of wet AMD.
One year after cataract surgery (n = 164 eyes), wet AMD rates were not significantly different in the BLF and UV-only
IOL groups. A Cox regression analysis that controlled for age, sex, and a documented diagnosis of macular degeneration
found that the use of BLF IOLs did not predict AMD development.®” The incidence, progression, and severity of wet
AMD were similar in BLF and UV-only IOL groups, suggesting there were no apparent advantages or disadvantages
associated with BLF IOLs.

A retrospective case-control study (196 patients with AMD, 196 matching control patients) assessed whether
BLF IOLs prevented onset of wet AMD. Similar proportions of eyes with BLF IOLs were reported in patients with
wet AMD and in the control group, suggesting that there was no association between BLF IOLs and the likelihood
of AMD during the 6-year follow-up.°®

Most recently, a retrospective cohort study in Taiwan assessed the incidence of AMD in patients with BLF
(n = 21,126) and UV-only IOLs (n = 165,465) throughout a 10-year follow-up. After propensity score matching,
AMD incidence was similar in BLF and UV-only groups (1.22 and 1.26 events per 1000 person-years, respec-
tively, for wet AMD; 9.95 and 10.37 events per 1000 person-years, respectively, for dry AMD).%’ Based on these
results, no advantage and no harm were associated with one type of lens over the other. However, the allocation to
IOL groups in this retrospective study was not randomized, and there were differences in age, sex, and socio-
economic status between the groups. Although propensity score matching was used to control for significantly
different variables, other confounders (smoking, diet, sunlight exposure) may complicate the interpretation of
results.

An AMD diagnosis may not be the optimal endpoint to assess benefits and harm of BLF IOLs; instead, continuous
quantifiable endpoints, such as geographic atrophy area or fundus autofluorescence, may be more appropriate. However,
there are limited studies assessing these endpoints. A retrospective analysis of 66 eyes with AMD reported that mean
geographic atrophy progression was significantly less in eyes with BLF versus UV-only IOLs (P=0.0002).”
A prospective comparative observational study in patients with BLF IOLs (n = 52) and UV-only IOLs (n = 79) reported
that abnormal fundus autofluorescence (which is predictive of AMD) did not develop or increase in size or density in
eyes with BLF IOLs. In the UV-only group, 15% of eyes developed or progressed in abnormal fundus autofluorescence.
Furthermore, a significantly higher incidence of AMD was observed in patients who received UV-only IOLs (11%)
versus those receiving BLF IOLs (2%) 2 years after implantation (P=0.042).”" The outcomes of these studies support the
role of the BLF IOLs in providing protection against AMD progression.

Age-related macular degeneration is a disease marked by visual loss. Although there is a lack of consensus from the
currently available clinical studies, we suggest that if BLF is palliative (ie, improves chromatic contrast) and decreases
blue light exposure of a retina filled with photosensitizers maximally sensitive to short-wave activation, then including
BLF as an option for cataract replacement is reasonable.

BLF IOLs may also provide an advantage in patients without pre-existing glaucoma by extending glaucoma-free
survival. Glaucoma, characterized by a progressive degeneration of retinal ganglion cells, may result in irreversible
blindness. The two major classifications of glaucoma are open-angle and angle-closure glaucoma, and both may be
primary diseases or caused by trauma or medication (eg, corticosteroids).”> A retrospective cohort study assessed the risk
of developing glaucoma in patients with BLF IOLs (n = 5188) and UV-only IOLs (n = 5840). During the mean follow-up
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of 55 + 34 months, a significantly better glaucoma-free survival rate was reported in patients with BLF IOLs compared
with patients with UV-only IOLs (P=0.036). After 7 years, 9.6% of patients with UV-only IOLs were diagnosed with
glaucoma, compared with 6.7% of patients with BLF IOLs, a 43% improvement.”> Future studies will need to confirm
the protective role of BLF IOLs and glaucoma risks in cataract patients.

Circadian Rhythm and Sleep

Circadian rhythm, which plays a role in regulating sleep, is controlled by light input and mediated through retinal
photoreceptors. These cells absorb blue light in the peak absorption range of 446—477 nm, which regulates melatonin
secretion.”*”> Although concerns have been raised that BLF IOLs provide less melatonin suppression compared with clear
IOLs, affecting circadian clock and sleep,’® results from numerous studies suggest that BLF does not interfere with basic
functions, such as circadian rhythms and sleep, supporting the “no harm” hypothesis on this topic. A small retrospective
study in patients who underwent cataract surgery (n = 49) reported no significant differences in any Pittsburgh Sleep Quality
Index component or global score between BLF and UV-only IOL groups.”” A randomized controlled study (n = 204)
assessed sleep in patients with BLF and UV-only IOLs and found no significant differences in total sleep time variation or
sleep quality between groups 8 weeks after surgery.”® Furthermore, a single-center, double-masked, block-randomized
clinical trial (n = 76) found that IOL type had no significant effect on sleep efficiency or subjective sleep quality.”’ A 1-year
follow-up of a randomized controlled trial (n = 67) reported no difference between BLF and UV-only IOL groups for sleep-
specific and circadian-specific parameters assessed by actigraphy. Interestingly, the BLF versus UV-only IOL group had
better sleep efficiency and a lower melatonin concentration.®® A large cohort study conducted in Taiwan (19,604
participants with BLF IOLs; 151,811 participants with UV-only IOLs) found no significant difference in incidence rate
of insomnia in BLF versus the UV-only IOL group after propensity score matching.®'

Based on results from a prospective cohort study (n = 152), cataract surgery and BLF IOL implantation significantly
improved sleep quality at 1 month after implantation (P<0.01) compared with preoperative assessment; this effect was
maintained at 12 months after implantation.®” Improvement of sleep quality at 1 month after implantation was
significantly greater with UV-only versus BLF IOLs (P<0.01); however, there were no significant differences between
groups at 1 year.*? Similarly, a recent meta-analysis reported that UV-only IOLs were associated with improvements in
subjective sleep quality compared with BLF IOLs at 3 to 8 weeks after implantation, but there were no significant
differences between groups for sleep quality at 7 to 12 months after implantation.® This could be because of greater blue
light transmittance with UV-only IOLs; the visual system can dynamically adjust sensitivity over a range of several log
units (certainly, well over the amount of light absorbed by a typical BLF filter). After patients adapt, there appeared to be
no long-term detrimental effect on quality of sleep. Overall, these findings suggest that there were no long-term negative
effects on sleep or circadian rhythms associated with BLF IOLs.

Mood and Cognition

Recent research has shown that blue light is one of the more important synchronizing agents for circadian rhythms and
mood regulation.®® This has raised the question of whether BLF IOLs, despite somewhat minimal filtering, might
negatively influence mood by decreasing retinal exposure to blue light.”®*> Conversely, a different set of studies suggest
that decreased blue light exposure at night might improve mood (eg, decreasing depression).***” The disparity arises
from the observation that it is not just the quantity of exposure that matters but also the timing. To mimic the natural
phases of sunlight under which our chronobiology has evolved, it is optimal to increase exposure to short-wave light in
the morning88 but decrease exposure at nigh‘[.89 Because BLF IOLs are a constant (ie, do not affect the timing of
exposure), it seems unlikely that BLF IOLs could influence mood, especially over time.

However, IOLs in general can improve many other aspects of brain function. A recent study has shown, for instance, that
cataract surgery is related to a 29% lower rate of dementia.”® Cognition is an endpoint that is based on sensory input;
improving the input may lead to improvement in subsequent processing.”’ In a study that assessed visual comfort and mental
effort during light exposure (n = 29), patients with BLF IOLs had significantly lower levels of perceived ambient light glare
(P=0.01) and visual tension (P=0.042) compared with patients with UV-only IOLs or the age-adjusted control group.’>
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Discussion

There is a consensus that short-wave “blue” light can be damaging to the retina.”> The change in transparency of the
natural crystalline lens with age occurs as the retina and RPE become increasingly sensitive to short-wave energy as
a result of accumulation of blue-sensitive photosensitizers like Bis-retinoid N-retinyl-N-retinylidene ethanolamine
(A2E).’* The yellow pigments in the inner layers of the retina provide additional protection to the vulnerable cones
within the macula.”?

The fact that the visual system so readily compensates for dense crystalline lenses and high levels of MP suggests that
heavy screening is a natural phenomenon, balancing photoprotection and photoreception.”*”® It is unlikely that the visual
system evolved mechanisms to protect the retina from diseases of old age (past reproductive fecundity). Although effects
of light damage may be seen relatively early, a more likely explanation is that BLFs have an acute influence on visual
function, which may potentially influence the mechanisms of natural selection. Screening the retina from the shortest
wavelengths of light improves glare disability and discomfort as well as chromatic contrast while speeding photostress
recovery by both BLF IOL and MP.**’

The longer life expectancy and the desire of some cataract patients for clear IOLs in order to maximize visible light
reaching the retina highlight the importance of patient care that continues after the IOL implantation. Healthcare profes-
sionals should advise patients on wearing sunglasses outdoors to block blue light to reduce the risks of retinal damage.
Furthermore, because the effects of light damage are lifelong and begin early, a related question is whether a pediatric
population would benefit from increased blue-light protection. MPs lutein and zeaxanthin are present in the rapidly
developing fovea in the retina of the eye.”® Lutein and zeaxanthin are present in breastmilk, are currently used in infant
formula, and may play a protective role against the harmful effects of both sunlight and artificial light from electronic
devices.””"'*° Potential protection provided by BLF IOLs in pediatric patients should be evaluated in future studies.
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