Graefe's Archive for Clinical and Experimental Ophthalmology (2025) 263:3147-3154
https://doi.org/10.1007/500417-025-06941-3

CATARACT ——

®

Check for
updates

Light discomfort thresholds in patients with senile cataract versus
pseudophakic subjects

Filippo Lixi' - Claudia Corda’ - Giulia Coco? - Giovanna Carnovale-Scalzo® - Alessandra Mancini? -
Maria Angela Romeo? - Vincenzo Scorcia® - Giuseppe Giannaccare'

Received: 2 March 2025 / Revised: 21 June 2025 / Accepted: 28 July 2025 / Published online: 12 August 2025
© The Author(s) 2025

Abstract

Purpose To compare light discomfort thresholds in patients with senile cataract versus pseudophakic subjects.

Methods In this cross-sectional, multicenter, controlled study light discomfort thresholds were measured in both eyes of
patients with senile cataract and in sex- and age-matched pseudophakic subjects using the Lumiz 100 device (Essilor Inter-
national, Paris, France) under three different lighting conditions: continuous warm, continuous cold and flashing warm. For
continuous increase, light starts at 25 Ix for 5 s and increases every second by 20%; for discontinuous increases, light starts at
10 Ix for 5 s followed by increases to 25 Ix for half a second and then decreases back to 10 Ix for 2 s, before a 44% increase
from the previous flash using warm light. Age, gender, pupil diameter, self-reported light sensitivity, iris color, eyeglass use,
visual acuity, lens status and cataract grade were analyzed and correlated with light discomfort thresholds.

Results A total of 48 participants (28 men, 20 women; mean age 72.92+9.05 years) were included. Patients with senile cata-
ract exhibited statistically significant lower discomfort thresholds for all measurements compared to pseudophakic subjects
(respectively, 3.39+0.66 logl10[lux] vs. 3.81£0.46 [p=0.014] for continuous warm; 3.44+0.64 vs. 3.82+0.42 [p=0.025]
for continuous cold; 3.14+0.59 vs. 3.81+0.31 [p<0.001] for flashing warm). Apart for lens status, no other variables influ-
enced light discomfort thresholds.

Conclusion The Lumiz 100 enabled the evaluation of light discomfort thresholds in patients with different lens status, highlight-
ing a higher light sensitivity in patients with senile cataract compared to pseudophakic subjects under all lighting conditions.

Key messages

What is known
e Glare and light sensitivity represent symptoms commonly reported by patients affected by senile cataract.
e Previous studies analyzing light sensitivity largely relied on subjective measures such as questionnaires and scales.

What is new

e This study shows that Lumiz 100 device can be used as a tool for measuring light sensitivity thresholds in patients with
different lens status.

e Patients with senile cataract presented a significant higher light sensitivity compared to matched pseudophakic subjects.
Light sensitivity thresholds could be a further parameter to consider when evaluating the need and the timing for cataract
surgery.
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Introduction

Light sensitivity, also called photophobia, and glare repre-
sent sensory conditions associated with various underlying
Extended author information available on the last page of the article disorders that may present an altered neuronal pathway [1,
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2]. Although the term photophobia lacks a precise defini-
tion, it can be described as an increased sensitivity to normal
levels of illumination [3]. Glare is a phenomenon caused by
light entering the eye that does not contribute to vision; it
is generally considered as a combination of disability glare
and discomfort glare, which are usually concurrent but can
also present independently [3]. Specifically, disability glare
is described as the reduction of retinal image contrast due to
light scatter within the eye [4], while discomfort glare refers
to visual annoyance caused by bright light sources [3].

The crystalline lens plays a crucial role in focusing light
onto the retina, enabling the eye to create sharp and detailed
images for the brain [5]. Age-related biochemical and struc-
tural alterations in the lens, can compromise its transpar-
ency and contribute to the development of senile cataract.
Beyond to reduced visual acuity and contrast sensitivity [6],
progressive optical changes related to cataract formation
can determine impaired light spatial properties and wave-
length distribution of the retinal image [7], monocular dou-
ble vision [8], myopic shift [9], glare, and increased light
sensitivity [6, 7].

Although different strategies including questionaries
[10], scales [11, 12] and tools [13—15] have been employed
over the last years to evaluate light sensitivity, the wide
discrepancy among them and the lack of quantitative mea-
surements represent a current gap. Recently, a novel device
(Lumiz 100, Essilor International, Paris, France) able to
offer rapid, reliable, and safe evaluation of light discomfort
thresholds has been introduced on the market. Preliminary
studies on healthy individuals have demonstrated the feasi-
bility of its use as a clinical tool for assessing light sensitiv-
ity [16, 17].

The present study aimed at comparing light discomfort
thresholds between patients with senile cataract and pseu-
dophakic subjects in different lighting conditions. High-
lighting different thresholds between the two groups may
enhance the ability to quantify visual disturbances other
than decreased visual acuity in patients with senile cataract.

Methods

In this cross-sectional, controlled study, participants were
consecutively recruited at two University Eye Clinics. Inclu-
sion criteria were individuals aged 60 years or older with
bilateral symmetrical senile cataract defined by a minimum
Lens Opacities Classification System (LOCS) III score of
2 [18], or with bilateral pseudophakia after a recent (3—12
months) uneventful phacoemulsification with implantation
of monofocal, single-piece, clear aspheric acrylic intraocu-
lar lens (IOL) (AcrySof SA60AT; Alcon Laboratories, Inc.,
Fort Worth, TX).
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Exclusion criteria included a history of relevant ocular
diseases, uncontrolled systemic or ocular conditions, refrac-
tive error (hyperopia, myopia, astigmatism)>1.5 diopters,
irregular corneal shape, posterior capsular opacification
(only for pseudophakic subjects), migraine, epilepsy and
use of medications with a known link with light sensitiv-
ity (e.g. non-steroidal anti-inflammatory drugs, anticon-
vulsants, anti-rheumatic drugs, chemotherapy, antibiotics,
antiarrhythmic, atropine, antipsychotics, anti-ulcer drugs,
immunosuppressants). Ethical approval for the study was
obtained from the Ethics Committee “Comitato Etico Terri-
toriale Lazio Area 2” (approval date 13-02-2025). Informed
consent was obtained from all participants, and the study
was conducted in accordance with the tenets of the Declara-
tion of Helsinki.

Data acquisition

After having screened for eligibility, participants fulfilling
study criteria underwent a comprehensive ophthalmologic
examination for the collection of the following data: age,
sex, history sunglasses use, self-reported light sensitiv-
ity, best-corrected visual acuity (BCVA), slit-lamp exam
for cataract grading and iris color analysis (dark vs. light),
pupil diameter, and light discomfort thresholds measured
by means of Lumiz 100 device (Essilor International, Paris,
France).

Cataract was classified using the LOCS III under pupil
dilation with tropicamide 0.5% and phenylephrine hydro-
chloride 10% eye drops (Visumidriatic fenilefrina, Visuf-
arma S.p.a., Italy) by two trained physicians (F.L. and C.C.)
for the evaluation of nuclear color/opalescence (0.1-6.9),
cortical cataract (0.1-5.9), and posterior subcapsular cata-
ract (0.1-5.9) [18]. For each patient, the overall cataract
score as the mean of both eyes’ cataract grading was cal-
culated for statistical analysis. In pseudophakic subjects,
a complete ophthalmic examination was carried out to
exclude the presence of posterior capsule opacification or
any other complication related to the previous lens surgery.

The OA-2000 (Tomey GmbH, Nagoya, Japan) was used
to measure pupil size under dim lighting conditions. The
mean pupil diameter of both eyes was calculated for each
patient and included in the statistical analysis.

Visual acuity, assessed using Snellen charts, was con-
verted to logMAR for analysis. The mean visual acuity,
considered as the average of the visual acuities of both eyes,
was calculated.

Participants completed a validated questionnaire to rate
their self-perception of light sensitivity by responding to the
question: “Do you feel sensitive to light?”” with one of the
following options: (1) Yes, a lot; (2) Yes, a bit; (3) No, not
really; (4) No, not at all [17].
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Light discomfort thresholds were measured using the
Lumiz 100, a portable device that provides uniform diffuse
illumination across the user’s visual field. Since photosen-
sitivity has a logarithmic relationship with light intensity,
the lux thresholds were log-transformed, and all statistical
analyses were conducted using the log10 (lux) thresholds. A
tablet application controls light intensity ranging from 10 Ix
(log10[lux]=1) to 10,211 Ix (log10[lux]=4.01) at eye level.
If a threshold was not reached at 10,211 1x, the subsequent
level (12,253 1x) was arbitrarily assigned. Thresholds were
determined for two levels of discomfort under three lighting
conditions simulating different everyday environments: two
with continuous light increases and one with discontinuous
increases. For continuous increase, light starts at 25 Ix for
5 s and increases every second using a 20% increase step,
using either warm light (4000 K color temperature) mimick-
ing natural light or cold light (6500 K color temperature)
mimicking artificial light. For discontinuous increases, light
starts at 10 1x for 5 s followed by increases to 25 1x for half
a second and then decreases back to 10 Ix for 2 s, before
a 44% increase from the previous flash using warm light
(4000 K). This flashing increase does not provide enough
time for the visual system to adapt and has been chosen to
reflect the most bothering situations in everyday life. Par-
ticipants were instructed to press a button twice to signal
discomfort levels. The first level, called the “just percep-
tible” discomfort threshold, occurs when the discomfort is
initially noticed, and participants feel mild symptoms such
as “tension in the eyelids or tingling.” The second level, the
“really disturbing” discomfort threshold, is reported when
the discomfort becomes bothersome requiring effort to keep
their eyes open. The mean of these two levels represented
the mean threshold for each of the three lighting conditions.
Total light sensitivity threshold was calculated as the mean
of six logarithmic illumination thresholds. The protocol and
measurement reliability have been detailed in previous stud-
ies [16, 17].

Statistical analysis

Statistical analysis was conducted using SPSS for Macin-
tosh software (version 30.0.0.0, SPSS, Inc.) Means+stan-
dard deviations (SDs) were calculated for numerical
continuous variables, while percent distributions were pre-
sented for categorical data. The distribution of variables
was evaluated using the Shapiro-Wilk test. Fisher’s exact
test was employed to compare categorical variables. Para-
metric (t-test) and non-parametric (Mann—Whitney U
test and Kruskal-Wallis test) tests were used to compare
normally and non-normally distributed variables among
groups, respectively. The relationships between the total
light sensitivity and other numerical data were evaluated

using Spearman’s correlation test. A post hoc power anal-
ysis was conducted by using G*Power software (version
3.1.9.6) to assess the statistical power of the study. Based on
the difference in the primary outcome (total light sensitivity
threshold 3.32+0.59 log10[lux] and 3.81+0.36 log10[lux])
respectively between the two groups (n=24), the effect size
(Cohen’s d) was calculated as approximately 1.0. Using a
two-sided test with an alpha level of 0.05, the calculated
power was approximately 0.92 (92%), indicating a high
likelihood of detecting a true difference between the groups.
This indicates that our sample size was adequate to detect
the observed difference. A p-value of less than 0.05 was
considered statistically significant.

Results

A total of 96 eyes of 48 patients (28 men, 20 women; mean
age 72.92+9.05 years) were included in the analysis. All
patients were Caucasians; 41 (85.4%) patients had dark
irises while 7 (14.6%) had light irises. Twenty (41.7%) par-
ticipants were sunglasses users while 28 (68.3%) reported
to not use sunglasses. The mean pupil diameter was
4.8240.52 mm. Eleven (22.9%) patients rated their self-per-
ception of light sensitivity as 1, 13 (27.1%) as 2, 17 (35.4%)
as 3 and 7 (14.6%) as 4. Mean BCVA was 0.23+0.24 log-
MAR. Mean continuous warm sensitivity threshold was
3.60+0.60 loglO[lux]. Mean continuous cold sensitivity
threshold was 3.63+0.57 logl10[lux]. Mean flashing warm
sensitivity threshold was 3.47+0.57 log10[lux]. Total light
sensitivity threshold was 3.57+0.55 log10[lux]. Differences
in the total light sensitivity threshold across the categorical
variables were analyzed in Table 1.

There was no effect of gender, iris color, sunglasses use
and self-perception of light sensitivity on the total light sen-
sitivity thresholds. On the other hand, the lens status signifi-
cantly influenced the total light sensitivity threshold. Mean
total light sensitivity threshold was significantly lower in
patients with senile cataract compared to pseudophakic
subjects (3.32+0.59 logl0[lux] vs. 3.81+0.36 logl10[lux],
p=<0.001, Mann—Whitney U test).

Furthermore, the total light sensitivity threshold and the
continuous variables investigated were tested for a possible
correlation. No significant results were observed for age
(R=0.278, p=0.056, Spearman’s test), BCVA (R=—0.022,
p=0.884) and pupil diameter (R=—0.177, p=0.228).

Patients with senile cataract (cataract group, n=24) were
compared with sex- and age-matched subjects who already
underwent phacoemulsification with monofocal IOL implan-
tation (pseudophakic group, n=24). Among patients with
cataract, 13 (27.1%) had nuclear cataracts, 5 (10.4%) had
cortical cataracts and 6 (12.5%) had posterior subcapsular
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Table 1 Total light sensitivity thresholds according to categorical vari-
ables

Table 2 Demographic and clinical characteristics of cataract and pseu-
dophakic groups

All patients Mean total p-value Cataract Pseudophakic p-value
n (%) light sensitiv- group group (n=24)
ity threshold (n=24) n (%)
(SD) n (%)

Gender 0.571% Gender 0.142¢
Male 28 (58.3%) 3.61(0.53) Male 11 (45.8%) 17 (70.8%)
Female 20 (41.7%) 3.51(0.57) Female 13 (54.2%) 7 (29.2%)
Iris color 0.689* Mean age (SD) 71.00 (8.31) 74.83(9.52) 0.144%
Dark 41 (85.4%) 3.54(0.57) Mean BCVA (SD) 0.33(0.24) 0.14(0.14)  0.002%"
Light 28 (14.6%) 3.71(0.34) Iris color 1?7
Sunglasses user 0.550* Dark 21 (87.5%) 20 (83.3%)
Yes 20 (41.7%) 3.63(0.48) Light 3(12.5%) 4 (16.7%)
No 28 (58.3%) 3.52(0.59) Owner of sunglasses 1?
Self-perception of light 0.337* Yes 10 (41.7%) 10 (41.7%)
sensitivity No 14 (58.3%) 14 (58.3%)
Yes, a lot 11(22.9%) 3.37(0.65) Mean pupil diameter (SD)  4.90 (0.52) 4.73 (0.51)  0.364%
Yes, a bit 13(27.1%)  3.52(0.50) Self-perception of light 0.089%
No, not really 17 (35.4%) 3.72(0.44) sensitivity
No, not at all 7 (14.6%)  3.60 (0.69) Yes, a lot 8(33.3%) 3 (12.5%)
Lens status <0.001% Yes, a bit 6(25.0%)  7(29.2%)
Pseudophakic 24 (50.0%) 3.81(0.36) No, not really 5(20.8%) 12 (50.0%)
Cataract 24(50.0%) 3.32(0.59) No, not at all 5(20.8%) 2 (8.3%)
Cataract type 0.605" Mean continuous warm 3.39 (0.66) 3.81(0.46)  0.014%
Nuclear Cataract 13 (27.1%) 3.24 (0.58) sensitivity threshold
Cortical Cataract 5(10.4%)  3.33(0.70) Mean continuous cold 3.44(0.64) 3.82(0.42) 0.025%
Posterior Subcapsular 6(12.5%)  3.48 (0.61) sensitivity threshold
Cataract Mean flashing warm sensi- 3.14 (0.59) 3.81(0.31)  <0.001%"

1 =Mann-Whitney U test; # = Kruskal-Wallis test.

cataracts. The overall cataract score was 3.72+1.00. The
characteristics of the two groups are displayed in Table 2.

Gender, mean age, iris color, sunglasses use, pupil diam-
eter and self-perception of light sensitivity showed no sig-
nificant differences between the two groups. Patients with
cataract exhibited a significantly worse BCVA than pseu-
dophakic individuals (0.33+0.24 logMAR vs. 0.14+0.14
logMAR, p=0.002). Cataract group showed signifi-
cantly lower discomfort thresholds compared to matched
pseudophakic subjects for all light condition measure-
ments (respectively, 3.394+0.66 loglO0[lux] vs. 3.81+0.46
logl0[lux], p=0.014 for continuous warm; 3.44+0.64
log10[lux] vs. 3.82+0.42 log10[lux], p=0.025 for continu-
ous cold; 3.14+0.59 log10[lux] vs. 3.81£0.31 log10[lux],
p<0.001 for flashing warm). Figure 1 shows the different
resistance to the light in a representative patient with senile
cataract (top) and in a representative pseudophakic subject
(bottom).

No significant differences were demonstrated in total
light sensitivity threshold across each categorical data ana-
lyzed in the two groups.

For each group, the total light sensitivity threshold and
the continuous variables were tested for a possible correla-
tion (Table 3).
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tivity threshold

¢=Fisher’s exact test; ¥ =t test; { = Mann—Whitney U test; y=Chi-
squared test. BCVA =Best-corrected visual acuity.

For the cataract group, no significant correlation was
observed among the total light sensitivity thresholds and the
other continuous variables; conversely, in the pseudophakic
group, a significant positive correlation was found between
the total light sensitivity thresholds and the mean BCVA
(#=0.540, p=0.0006).

Discussion

The present study highlighted the utility of the Lumiz 100
in assessing light discomfort thresholds in patients with dif-
ferent lens status, revealing significant differences in light
sensitivity between patients with senile cataract and pseu-
dophakic subjects.

Light sensitivity and glare are not well-defined condi-
tions whose precise quantification and adequate treatment
remain challenging [19, 20]. Several ocular and neurologi-
cal conditions have been associated with heightened light
sensitivity [1, 6, 17, 19]. Therefore, evaluating thresholds
and their changes according to different variables could
greatly benefit clinical practice. Recent studies showed that
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Fig. 1 Light discomfort thresholds for continuous warm, continuous
cold, and flashing warm in a representative patient with senile cataract
(nuclear cataract, NC/NO grade 4.6 according to LOCS III) (respec-
tively, A-C) and in a representative patient with pseudophakia (respec-

Table 3 Correlation between total light sensitivity threshold in each
group with numerical continuous variables

Total light Mean Mean  Mean pupil Mean
sensitivity age BCVA  diameter Cataract
threshold Grading
Cata-  Patients N 24 24 24 24
ract Spearman’sR 24 -0.114 -0.134 —-0.252
group j_value 0.668 0.597  0.532 0.235
Pseudo- Patients N 24 24 24 /
phakic  Spearman’sR  0.306 0.540  —0.158 /
group  j_value 0.146  0.006° 0.462 /

BCVA Best-corrected visual acuity

the Lumiz 100 device enables the assessment of light sensi-
tivity thresholds through a quick, safe, and straightforward
procedure, providing insights into how these thresholds may
vary in relation to different physiological factors in healthy
patients [16, 17].

In our study, gender did not influence total light sensi-
tivity thresholds. While Marié et al. [17] observed lower
discomfort thresholds in females in a larger sample using
the same device, several other studies reported no signifi-
cant differences between males and females [13, 15, 21, 22].
Although these conflicting results underscore the impor-
tance of further investigations, this is not surprising since
it is generally accepted that gender does not significantly
affect the perception of light [22].

Iris color did not appear to influence total light sensitiv-
ity thresholds, in agreement with prior studies that showed
minimal or no effect of iris pigmentation on light discomfort
[17, 21, 22]. Similarly, we observed no differences in light

M.edium . H.igh C Low Medium . High
resistance resistan resistance resistance resistan
ce ce
M_emum . H}gh F Low Medium . High
resistance resistan

resistance resistan

ce

resistance
ce

tively, D-F). For each lighting condition, the first vertical line indicates
the onset of a just perceptible discomfort, while the second one repre-
sents the onset of a really disturbing discomfort

sensitivity between individuals who regularly use sunglasses
and those who do not, contrasting with findings by Marié
and colleagues [17]. Variations in sunglass types and criteria
for identifying users may account for these discrepancies.

Discomfort thresholds and patients’ self-reported light
sensitivity did not align in our analysis. While some stud-
ies have linked self-assessed light sensitivity to lower dis-
comfort thresholds [18, 20], others reported no significant
association [22, 23]. These inconsistencies highlight the
subjective and qualitative nature of questionnaire and sug-
gest the importance of using tools for the quantitative mea-
surements of light sensitivity, such as the Lumiz 100, able
to acquire more reliable and standardized data about patient’
light complaints.

A significant difference in total light sensitivity thresh-
olds was found according to lens status. Cataract remains
the leading cause of visual impairment worldwide [5]. Lens
opacities can alter light transmittance, increasing forward
light scattering to the retina, and causing disturbing glare
effects up to photophobia which ultimately impair daily
activities and social functioning [6, 24]. Given the chal-
lenges in quantifying these subjective conditions, indication
for cataract surgery focuses heavily on lens status evalua-
tion at slit-lamp examination and reduced vision at visual
acuity test [24]. In addition to visual recovery and improve-
ment of overall cognitive function [25], cataract extraction
has been reported to reduce glare and light sensitivity [6, 7,
26]. Indeed, by removing an opaque and imperfect lens and
implanting a clear IOL, the intraocular light scatter can be
mitigated [2, 6]. However, since the IOL has a higher light
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transmittance than the natural lens, it can potentially con-
tribute to increase glare under certain conditions [27, 28].
It is important to point out that other factors, such as varia-
tions in IOL materials and older surgical techniques, may
also have influenced glare levels in previous studies [27,
28]. Consistently with literature [6, 7, 26], pseudophakic
subjects showed a significant higher sensitivity thresholds
for each light condition compared to patients with senile
cataract. Furthermore, as previously reported [29], the type
of cataract did not have a significant impact on glare dis-
comfort in our analysis.

Apart from lens status, none of the physiological vari-
ables explored appeared to influence light sensitivity thresh-
olds. These findings suggest that light scattering through
lens opacities plays a dominant role in glare and photopho-
bia, which are otherwise more closely related to impaired
neuronal inputs and cerebral processing mechanisms rather
than physiological factors [17, 30]. Notably, more sensitive
individuals appeared to have greater neuronal activity in
the visual cortex, regardless of light intensity levels [30].
As a matter of fact, several neurological conditions includ-
ing migraines, blepharospasm, and traumatic brain injuries
appeared to be related to photophobia [1].

Controversial data are available about the impact of age
on light sensitivity. Although there was a trend toward a
positive correlation between age and light sensitivity thresh-
olds, this relationship was not statistically significant in our
cohort. This finding aligns with prior research suggesting
that age does not significantly influence light sensitivity
thresholds [6, 17, 22]. However, our cohort, interestingly,
demonstrated a higher mean total light sensitivity thresh-
old compared to the values reported by Marié et al. [17].
Differences in age distribution may explain this disparity,
as younger individuals are described to be more sensitive
to light than older people [31, 32]. It can be supposed that
delayed responses to the Lumiz 100 examination and conse-
quently higher light thresholds observed among elder popu-
lation can be related to slower proprioceptive and cognitive
reactions or to an effort to overcome their physical limits for
showing an increased resistance to light.

A possible correlation among the light sensitivity thresh-
old and other parameters such as cataract grading, pupil
size and BCVA was investigated. Light scatter increases
with cataract progression [33]. Indeed, a negative corre-
lation, despite non statistically significant, was recorded
between the light discomfort threshold and cataract grad-
ing. Although a possible correlation between pupil size and
light discomfort was registered [34], in our study as well
as in other reports [17, 22], no correlation was observed
between dim light pupil size and discomfort thresholds.
The BCVA did not correlate with light sensitivity thresh-
old in patient with cataract; however, a positive correlation
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in pseudophakic group was recorded. Indeed, in patients
which have already removed potentially light scatter-
ing media, as visual acuity decreases, the light tolerance
increases. Although this finding requires further evalua-
tion, a possible relationship with reduced contrast sensitiv-
ity or with diminished neuronal transmission to the cortical
visual area can be hypothesized.

This study offers novel insights into the assessment of
light sensitivity thresholds in patients with senile cataract
and in those who have undergone phacoemulsification with
IOL implantation. Nonetheless, some limitations must be
acknowledged. Firstly, the cross-sectional design of the
study restricts our ability to establish causality between
the different factors and light sensitivity thresholds. A lon-
gitudinal evaluation in the same patients before and after
phacoemulsification would be beneficial to better under-
stand the impact of lens status and surgery. Secondly, the
relatively small sample size may have hampered the sta-
tistical significance within subgroups (e.g. cataract types).
Thirdly, the Lumiz 100 is a device specifically designed
to evaluate light sensitivity thresholds binocularly, reflect-
ing real-world visual experience where both eyes are typi-
cally stimulated simultaneously. To ensure the reliability
and homogeneity of our data, we included only patients
with symmetrical ocular status (bilateral similar-graded
cataract or bilateral pseudophakia with the same IOL type)
and used mean values of both eyes for the study analysis.
Patching one eye during examination could have provided
unilateral parameters but this use has not been validated
and future studies are still required. Lastly, incorporating a
more comprehensive and validated symptom questionnaire
beyond the used self-reported measure would enhance the
correlation between objective measurements and subjec-
tive patient experiences.

In conclusion, the present study provides novel and
reliable data obtained using the Lumiz 100, offering a
significant contribution to current understanding of pho-
tosensitivity in both cataract and pseudophakic patients.
Our findings suggest that patients with senile cataract have
higher light sensitivity compared to pseudophakic subjects,
therefore light sensitivity threshold determination could be
incorporated in the workflow for evaluating the need and
the timing for cataract surgery. Future studies with larger
sample size and longitudinal design are desirable to fur-
ther elucidate the impact of lens status and surgery on light
sensitivity. Additionally, expanding this research to differ-
ent populations, such as patients implanted with multifo-
cal intraocular lenses, may offer valuable insights into the
broader applicability of the Lumiz 100 and help integrat-
ing light discomfort thresholds into the armamentarium of
image quality assessments traditionally based on aberrom-
etry [35].



Graefe's Archive for Clinical and Experimental Ophthalmology (2025) 263:3147-3154

3153

Acknowledgements None.

Author contributions Conceptualization, F.L., G.C., V.S. and G.G.;
Data curation, F.L., C.C., and G.G.; Formal analysis, F.L.; Investiga-
tion, G.C.S., A.M., M.A.R. and V.S.; Methodology, F.L., C.C., G.C.S.,
AM., M.AR. and V.S.; Project administration, F.L., G.C. and G.G.;
Software, F.L.; Supervision, G.G., G.C. and V.S.; Visualization, G.G.
and S.M.; Writing—original draft, F.L. and G.G.; Writing—review
and editing, F.L., G.C. and G.G. All authors have read and agreed to
the published version of the manuscript.

Funding Open access funding provided by Universita degli Studi di
Cagliari within the CRUI-CARE Agreement. This research received
no specific grant from any funding agency in the public, commercial
or not-for-profit sectors.

Declarations

Ethical approval The study was conducted in accordance with the
Declaration of Helsinki and approved by the Institutional Review
Board of “Comitato Etico Territoriale Lazio Area 2” (approval date
13-02-2025).

Informed consent Was obtained from all subjects involved in the
study.

Conflict of interest None of the authors have any financial or propri-
etary interest in any material or method mentioned.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

1. Buchanan TM, Digre KB, Warner JEA, Katz BJ (2022) The
unmet challenge of diagnosing and treating photophobia. J Neur-
oophthalmol 42(3):372-377. https://doi.org/10.1097/WNO.0000
000000001556

2. de Wit GC, Franssen L, Coppens JE, van den Berg TJ (2006)
Simulating the straylight effects of cataracts. J Cataract Refract
Surg 32(2):294-300. https://doi.org/10.1016/j.jcrs.2006.01.048

3. Mainster MA, Turner PL (2012) Glare’s causes, consequences,
and clinical challenges after a century of ophthalmic study. Am
J Ophthalmol 153(4):587-93. https://doi.org/10.1016/j.aj0.2012.
01.008

4. Aslam TM, Haider D, Murray 1J (2007) Principles of disability
glare measurement: an ophthalmological perspective. Acta Oph-
thalmol Scand 85(4):354-360. https://doi.org/10.1111/1.1600-042
0.2006.00860.x

11.

12.

13.

15.

16.

18.

20.

21.

Cicinelli MV, Buchan JC, Nicholson M, Varadaraj V, Khanna RC
(2023) Cataracts. Lancet 401(10374):377-389. https://doi.org/10
.1016/S0140-6736(22)01839-6

Rubin GS, Adamsons 1A, Stark WJ (1993) Comparison of acuity,
contrast sensitivity, and disability glare before and after cataract
surgery. Arch Ophthalmol 111(1):56—61. https://doi.org/10.1001/
archopht.1993.01090010060027

Ishiguro N, Horiguchi H, Katagiri S, Shiba T, Nakano T (2022)
Correlation between higher-order aberration and photophobia
after cataract surgery. PLoS ONE 17(9):¢0274705. https://doi.o
rg/10.1371/journal.pone.0274705

Fujikado T, Shimojyo H, Hosohata J, Hirohara Y, Mihashi T,
Maeda N, Tano Y (2006) Wavefront analysis of eye with monocu-
lar diplopia and cortical cataract. Am J Ophthalmol 141(6):1138—
1140. https://doi.org/10.1016/j.2j0.2005.12.040

Pesudovs K, Elliott DB (2003) Refractive error changes in corti-
cal, nuclear, and posterior subcapsular cataracts. Br J Ophthalmol
87(8):964-967. https://doi.org/10.1136/bjo.87.8.964

Choi JY, Oh K, Kim BJ, Chung CS, Koh SB, Park KW (2009)
Usefulness of a photophobia questionnaire in patients with
migraine. Cephalalgia 29(9):953-959. https://doi.org/10.1111/j.1
468-2982.2008.01822.x

de Boer JB, Schreuder DA (1967) Glare as a criterion for qual-
ity in street lighting. Trans Illuminating Eng Soc 32(2IES-
trans):117-135. https://doi.org/10.1177/147715356703200205
Cortez MM, Digre K, Uddin D, Hung M, Blitzer A, Bounsanga J,
Voss MW, Katz BJ (2019) Validation of a photophobia symptom
impact scale. Cephalalgia 39(11):1445-1454. https://doi.org/10.1
177/0333102419845641

Verriotto JD, Gonzalez A, Aguilar MC, Parel JA, Feuer WJ,
Smith AR, Lam BL (2017) New methods for quantification of
visual photosensitivity threshold and symptoms. Transl Vis Sci
Technol 6(4):18. https://doi.org/10.1167/tvst.6.4.18

. Aguilar MC, Gonzalez A, Rowaan C, de Freitas C, Alawa KA,

Durkee H, Feuer WJ, Manns F, Asfour SS, Lam BL, Parel JA
(2018) Automated instrument designed to determine visual pho-
tosensitivity thresholds. Biomed Opt Express 9(11):5583-5596
Durgam SS, Bagari S, Nandyala S, Mohamed A, Konda N, Chaur-
asia S, Vaddavalli PK, Parel JM (2022) Visual photosensitivity
threshold and objective photosensitivity luminance in healthy
human eyes assessed using an automated ocular photosensitivity
analyser: a step towards translation of a clinical tool for assessing
photophobia. Ophthalmic Physiol Opt 42(2):311-318. https://doi
.org/10.1111/0p0.12923

Montés-Mico R, Cervifio A, Martinez-Albert N, Garcia-Marqués
JV, Marie S (2020) Performance of a new device for the clini-
cal determination of light discomfort. Expert Rev Med Devices
17(11):1221-1230

Marié S, Montés-Mico R, Martinez-Albert N, Garcia-Marqués
JV, Cerviilo A (2021) Evaluation of physiological parameters on
discomfort glare thresholds using LUMIZ 100 tool. Transl Vis Sci
Technol 10(8):28. https://doi.org/10.1167/tvst.10.8.28

Chylack LT Jr, Wolfe JK, Singer DM, Leske MC, Bullimore MA,
Bailey IL, Friend J, McCarthy D, Wu SY (1993) The lens opaci-
ties classification system III. The longitudinal study of cataract
study group. Arch Ophthalmol 111(6):831-6. https://doi.org/10.1
001/archopht.1993.01090060119035

Digre KB, Brennan KC (2012) Shedding light on photophobia. J
Neuroophthalmol 32(1):68-81. https://doi.org/10.1097/WNO.0b
013e3182474548

Rodriquez R, Pattini A (2014) Tolerance of discomfort glare from
a large area source for work on a visual display. Light Res Tech-
nol 46(2):157-170. https://doi.org/10.1177/1477153512470386
Vanagaite J, Pareja JA, Steren O, White LR, Sand T, Stovner
LJ (1997) Light-induced discomfort and pain in migraine.

@ Springer


https://doi.org/10.1016/S0140-6736(22)01839-6
https://doi.org/10.1016/S0140-6736(22)01839-6
https://doi.org/10.1001/archopht.1993.01090010060027
https://doi.org/10.1001/archopht.1993.01090010060027
https://doi.org/10.1371/journal.pone.0274705
https://doi.org/10.1371/journal.pone.0274705
https://doi.org/10.1016/j.ajo.2005.12.040
https://doi.org/10.1136/bjo.87.8.964
https://doi.org/10.1111/j.1468-2982.2008.01822.x
https://doi.org/10.1111/j.1468-2982.2008.01822.x
https://doi.org/10.1177/147715356703200205
https://doi.org/10.1177/0333102419845641
https://doi.org/10.1177/0333102419845641
https://doi.org/10.1167/tvst.6.4.18
https://doi.org/10.1111/opo.12923
https://doi.org/10.1111/opo.12923
https://doi.org/10.1167/tvst.10.8.28
https://doi.org/10.1001/archopht.1993.01090060119035
https://doi.org/10.1001/archopht.1993.01090060119035
https://doi.org/10.1097/WNO.0b013e3182474548
https://doi.org/10.1097/WNO.0b013e3182474548
https://doi.org/10.1177/1477153512470386
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/WNO.0000000000001556
https://doi.org/10.1097/WNO.0000000000001556
https://doi.org/10.1016/j.jcrs.2006.01.048
https://doi.org/10.1016/j.ajo.2012.01.008
https://doi.org/10.1016/j.ajo.2012.01.008
https://doi.org/10.1111/j.1600-0420.2006.00860.x
https://doi.org/10.1111/j.1600-0420.2006.00860.x

3154

Graefe's Archive for Clinical and Experimental Ophthalmology (2025) 263:3147-3154

22.

23.

24.

25.

26.

27.

28.

29.

Cephalalgia 17(7):733—41. https://doi.org/10.1046/j.1468-2982.
1997.1707733 x

Pierson C, Wienold J, Bodart M (2018) Review of factors influ-
encing discomfort glare perception from daylight. LEUKOS
14(3):111-148. https://doi.org/10.1080/15502724.2018.1428617
Rodriguez R, Yamin Garreton J, Pattini A (2016) Glare and cogni-
tive performance in screen work in the presence of sunlight. Light
Res Technol 48(2):221-238. https://doi.org/10.1177/1477153515
577851

de Waard PW, IJspeert JK, van den Berg TJ, de Jong PT (1992)
Intraocular light scattering in age-related cataracts. Invest Oph-
thalmol Vis Sci 33(3):618-625

Pellegrini M, Bernabei F, Schiavi C, Giannaccare G (2020)
Impact of cataract surgery on depression and cognitive func-
tion: systematic review and meta-analysis. Clin Exp Ophthalmol
48(5):593—-601. https://doi.org/10.1111/ce0.13754

Masket S (1989) Reversal of glare disability after cataract sur-
gery. J Cataract Refract Surg 15(2):165-8. https://doi.org/10.101
6/s0886-3350(89)80005-7

van der Heijde GL, Weber J, Boukes R (1985) Effects of straylight
on visual acuity in pseudophakia. Doc Ophthalmol 59(1):81-4. h
ttps://doi.org/10.1007/BF00162014

Nadler DJ, Jaffe NS, Clayman HM, Jaffe MS, Luscombe SM
(1984) Glare disability in eyes with intraocular lenses. Am J Oph-
thalmol 97(1):43-7. https://doi.org/10.1016/0002-9394(84)9044
4-6

Chua BE, Mitchell P, Cumming RG (2004) Effects of cataract
type and location on visual function: the Blue Mountains Eye
Study. Eye (Lond) 18(8):765-72. https://doi.org/10.1038/sj.eye.
6701366

Authors and Affiliations

30.

31.

32.

33.

34.

35.

Bargary G, Furlan M, Raynham PJ, Barbur JL, Smith AT (2015)
Cortical hyperexcitability and sensitivity to discomfort glare.
Neuropsychologia 69:194-200. https://doi.org/10.1016/j.neurop
sychologia.2015.02.006

Wolska A, Sawicki D (2014) Evaluation of discomfort glare in the
50+elderly: experimental study. Int J Occup Med Environ Health
27(3):444-459. https://doi.org/10.2478/s13382-014-0257-9
Facchin A, Daini R, Zavagno D (2017) The glare effect test and
the impact of age on luminosity thresholds. Front Psychol 8:1132.
https://doi.org/10.3389/fpsyg.2017.01132

Pan AP, Wang QM, Huang F, Huang JH, Bao FJ, Yu AY (2015)
Correlation among lens opacities classification system III grad-
ing, visual function index-14, pentacam nucleus staging, and
objective scatter index for cataract assessment. Am J Ophthalmol
159(2):241-7.€2. https://doi.org/10.1016/j.2j0.2014.10.025

Lin Y, Fotios S, Wei M, Liu Y, Guo W, Sun Y (2015) Eye move-
ment and pupil size constriction under discomfort glare. Invest
Ophthalmol Vis Sci 56(3):1649-56. https://doi.org/10.1167/iovs
.14-15963

Al-Amri SAJ, Ali6 JL, Milan-Castillo R, D’Oria F, Martinez-
Abad A, Yebana P, Subirana N, Al-Harbi Z, Plaza-Puche AB
(2023) Ali6 Del Barrio JL. Clinical retinal image quality of a
Non-diffractive Wavefront-Shaping extended depth of focus
(Vivity) intraocular lens. J Refract Surg 39(2):103—-110. https://do
1.0rg/10.3928/1081597X-20221130-04

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Filippo Lixi' - Claudia Corda’ - Giulia Coco? - Giovanna Carnovale-Scalzo? - Alessandra Mancini? -
Maria Angela Romeo? - Vincenzo Scorcia® - Giuseppe Giannaccare'

P4 Giuseppe Giannaccare

1

giuseppe.giannaccare@unica.it

Department of Surgical Sciences, Eye Clinic, University of
Cagliari, Cagliari, Italy

@ Springer

Ophthalmology, Department of Clinical Sciences and
Translational Medicine, University of Rome Tor Vergata,
Rome, Italy

Department of Ophthalmology, University Magna Graecia of
Catanzaro, Catanzaro, Italy


https://doi.org/10.1016/j.neuropsychologia.2015.02.006
https://doi.org/10.1016/j.neuropsychologia.2015.02.006
https://doi.org/10.2478/s13382-014-0257-9
https://doi.org/10.3389/fpsyg.2017.01132
https://doi.org/10.3389/fpsyg.2017.01132
https://doi.org/10.1016/j.ajo.2014.10.025
https://doi.org/10.1167/iovs.14-15963
https://doi.org/10.1167/iovs.14-15963
https://doi.org/10.3928/1081597X-20221130-04
https://doi.org/10.3928/1081597X-20221130-04
https://doi.org/10.1046/j.1468-2982.1997.1707733.x
https://doi.org/10.1046/j.1468-2982.1997.1707733.x
https://doi.org/10.1080/15502724.2018.1428617
https://doi.org/10.1177/1477153515577851
https://doi.org/10.1177/1477153515577851
https://doi.org/10.1111/ceo.13754
https://doi.org/10.1016/s0886-3350(89)80005-7
https://doi.org/10.1016/s0886-3350(89)80005-7
https://doi.org/10.1007/BF00162014
https://doi.org/10.1007/BF00162014
https://doi.org/10.1016/0002-9394(84)90444-6
https://doi.org/10.1016/0002-9394(84)90444-6
https://doi.org/10.1038/sj.eye.6701366
https://doi.org/10.1038/sj.eye.6701366
http://orcid.org/0000-0003-2617-0289

	﻿Light discomfort thresholds in patients with senile cataract versus pseudophakic subjects
	﻿Abstract
	﻿Key messages
	﻿Introduction
	﻿Methods
	﻿Data acquisition
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿References


