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Light-related visual disturbances are common symptoms among patients with dry eye disease (DED)
but difficult to be evaluated in the clinical practice. This cross-sectional, multicenter, controlled

study aimed at comparing light discomfort thresholds in healthy individuals and patients with DED,
and to further correlate thresholds with ocular surface parameters. The Lumiz 100 device (Essilor
International, Paris, France) was employed to measure light discomfort thresholds in 25 patients with
DED and 25 sex- and age-matched healthy subjects under different lighting conditions: continuous
warm, continuous cold and flashing warm. Participants were instructed to press a button twice to
signal discomfort levels as “just perceptible” and “really disturbing”. The mean of the two values

was calculated for each lighting condition. DED patients exhibited lower discomfort thresholds for

all measurements compared to controls (continuous warm: 2.81+0.56 log10[lux] vs. 3.47 +0.51
log10[lux], continuous cold: 2.78 + 0.54 log10[lux] vs. 3.48 + 0.50 log10[lux], flashing warm: 2.54+0.53
log10[lux] vs. 3.12+0.69 log10[lux], all p=<0.004). A significant negative correlation was found between
total light sensitivity threshold and ocular discomfort symptoms in patients with DED (r=-0.499,
p=0.011). Conversely, no significant correlation was found between light thresholds and the other
ocular surface parameters. These findings show that DED patients have a higher light sensitivity than
healthy subjects.
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Abbreviations

DED Dry eye disease

OSDI Ocular Surface Disease Index
TFOS Tear Film & Ocular Surface Society
DEWS Dry Eye Workshop

NIBUT  Non-invasive break-up time

BCVA Best-corrected visual acuity

TMH Tear meniscus height

MGL Meibomian gland loss

SD Standard deviation

Dry eye disease (DED) is a multifactorial disorder of the ocular surface that affects millions of people globally
and results in different degrees of ocular discomfort and visual disturbance. It is characterized by an imbalance
in the tear film’s stability and hyperosmolarity, and is generally classified into evaporative, aqueous deficient
and mixed forms'. The diagnosis and follow-up of DED can be carried out using a variety of validated methods
designed to gather information about patient’s symptoms and clinical signs®.. Among these, the Ocular Surface
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Disease Index (OSDI) questionnaire is a widely utilized tool for evaluating ocular discomfort. It is considered
a reliable measure for determining the severity of DED and is favored for its efficiency in assessing the disease’s
impact on patients’ quality of life’. Recently, non-invasive all-in-one devices, such as the Keratograph 5 M
(Oculus Optikgerite GmbH, Wetzlar, Germany), have been introduced in the clinical practice to assess a variety
of ocular surface parameters. The repeatability and reliability of this device have been already reported®.

Beyond commonly reported symptoms such as dryness, burning, foreign body sensation, patients with DED
may complain light-related visual disturbances including photophobia and glare>. The former does not have
a universally accepted definition, and it is generally considered as an enhanced sensitivity to normal lighting
conditions”S. The latter is considered as a visual disturbance caused by stray light entering the eye that does not
contribute to vision’.

The reliable quantification and precise treatment of light-related symptoms remain challenging™®. Although
various strategies including questionnaires’, scales'’, and other tools'!, have been employed in recent years to
evaluate light sensitivity, these approaches are predominantly qualitative and rely heavily on subjective reporting.
Importantly, there is currently no standardized, objective, and clinically validated tool available for quantifying
photophobia in DED patients, and the relationship between light sensitivity and ocular surface parameters
remains poorly understood. Lumiz 100 (Essilor International, Paris, France) is an innovative device designed to
assess light discomfort thresholds through a rapid, consistent, and safe evaluation. Its feasibility and accuracy in
detecting light sensitivity thresholds on healthy individuals have been recently demonstrated, offering insights
into how these thresholds can be influenced by different physiological factors!!3.

The aim of the present study is to provide standardized, quantitative data on light sensitivity by comparing
light discomfort thresholds under different lighting conditions between patients with DED and healthy subjects,
and to further correlate them with ocular surface parameters.

Methods
In this cross-sectional, controlled study, participants were consecutively screened and recruited at two University
Eye Clinics between February and March 2025. Patients with DED were compared with age- and sex-matched
healthy subjects attending the general office for routine eye checkups. Exclusion criteria for both patients and
controls included history of relevant ocular diseases, presence of active ocular inflammation, recent ocular
surgery (within 3 months), contact lens wearing, migraine and epilepsy.

Ethical approval for the study was obtained from the Ethics Committee “Comitato Etico Territoriale
Lazio Area 2” (protocol number 316.24, approval date 13-02-2025). Informed consent was obtained from all
participants, and the study was conducted in accordance with the tenets of the Declaration of Helsinki.

Data acquisition

Diagnosis of DED was obtained using the following Tear Film & Ocular Surface Society (TFOS) Dry Eye
Workshop (DEWS) II criteria: positive symptom score (OSDI score>13) and non-invasive break-up time
(NIBUT) <10 s (s)2. Briefly, the OSDI questionnaire is a 12-item questionnaire composed of 3 parts related to
vision function, ocular symptoms, and environmental triggers. Patients rate the frequency of their symptoms
from 0 to 4 with 0 indicating “none of the time” and 4 corresponding to “all of the time”. Each response is given
score from 0 to 4. The sum of all values will give the OSDI score that ranges from 0 to 100. A score of 13 or
higher is indicative of DED. The severity was further calculated as follows: mild=13-22, moderate =23-32,
severe> 323, After the eligibility screening, participants fulfilling study criteria were analyzed for the collection
of the following data: age, sex, history sunglasses use, self-reported light sensitivity, best-corrected visual acuity
(BCVA), iris color analysis (dark vs. light) and objective light discomfort thresholds measured by means of
Lumiz 100 device (Essilor International, Paris, France). Briefly, a validated questionnaire was used to rate the
self-perception of light sensitivity by asking participants to reply 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'>. BCVA was
converted to logMAR for analysis, and the mean BCVA, considered as the average of the values of both eyes,
was calculated. Light discomfort thresholds were measured using the Lumiz 100, a portable device that provides
uniform diffuse illumination across the user’s visual field. Since photosensitivity has a logarithmic relationship
with light intensity, the lux thresholds were log-transformed, and all statistical analyses were conducted using
the logl0 (lux) thresholds. A tablet application controls light intensity ranging from 10 Ix (loglO[lux]=1)
to 10,211 Ix (logl0[lux] =4.01) at eye level. If a threshold was not reached at 10,211 Ix, the subsequent level
(12,253 Ix) 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) mimicking natural light or cold
light (6500 K color temperature) mimicking artificial light. 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 (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. Participants
were instructed to press a button twice to signal discomfort levels. The first level, called the “just perceptible”
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 studies'>!>.
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Patients underwent non-invasive ocular surface work-up by means of Keratograph 5 M (Oculus, Wetzlar,
Germany). All the measurements were taken between 9:00 a.m. and 12:00 p.m. in a dimly lit room with
controlled temperature (21-24 °C) and humidity (30-60%). The following parameters were measured: NIBUT-
first, NIBUT-average, tear meniscus height (TMH), meibomian gland loss (MGL), bulbar redness. For each
parameter, the mean of the values obtained from both eyes was calculated and used for analysis. The NIBUT was
measured as the time in s between the last complete blink to the start of interruption in the placid rings reflected
on the surface of the cornea, which is automatically recognized by the tool. The instrument generated two
measures: the time until the tear film’s initial disruption (NIBUT-first) and the average duration of all instances
of rupture (NIBUT-average). Values < 10 s are considered pathological by the instrument for both parameters'*.
Photographs of the lower TMH were acquired and evaluated for each participant. The measurements were
obtained by placing a ruler perpendicular to the edge of the lid at the central position with respect to the center
of the pupil. The cut-off provided by the instrument (0.20 mm) was used to distinguish between normal () or
pathological values (<)!*!. Infrared meibography of upper and lower eyelids was performed to assess the extent
of MGL. The process included utilizing a grading system known as meiboscore, which classifies deficiencies
on a scale ranging from 0 to 3: grade 0 means no gland loss, grade 1 indicates up to 33% gland loss, grade 2
represents 33-66% gland loss, and grade 3 suggests 67% or more gland loss'>. Measurements of bulbar redness
were automatically acquired, and the R-Scan module automatically categorizes redness levels in the bulbar and
limbal areas, identifies blood vessels in the conjunctiva, and scores redness levels using a grading system'.

Statistical analysis

Statistical analysis was conducted using SPSS for Macintosh software (version 30.0.0.0,SPSS, Inc.) Means + standard
deviations (SDs) were calculated for numerical continuous variables, while percent distributions were presented
for categorical data. The distribution of variables was evaluated using the Shapiro-Wilk test. Fisher’s exact test
and Chi-squared test were employed to compare categorical variables. Non-parametric (Mann-Whitney U test
and Kruskal-Wallis test) tests were used to compare variables among groups. The relationships between the
total light sensitivity and other numerical data were evaluated using Spearman’s correlation test. A post hoc
power analysis 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 3.35 +0.53 log10[lux] and
2.71+0.52 log10[lux]) respectively between the two groups (n=25), the effect size (Cohen’s d) was calculated as
approximately 1.22. Using a two-sided test with an alpha level of 0.05, the calculated power was approximately
0.99 (99%), 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

Demographic data

Overall, 100 eyes of 50 Caucasians patients (22 men, 28 women; mean age 55.68 + 16.46 years) were included in
the study analysis. Of these, 25 patients were affected by DED (group 1) and 25 were matched healthy subjects
(group 2). There were no statistically significant differences between the two groups in terms of age (56.44 +17.69
vs. 54.92 £ 5.45 years; p=0.48, Mann-Whitney U test), gender [8 males (32%) and 17 females (68%) vs. 14 males
(56%) and 11 females (44%); p=0.15, Fisher’s exact test], iris colors [20 (80%) patients had dark irises and 5
(20%) had light irises in both groups; p=1, Fisher’s exact test], sunglasses users [22 (88%) participants were
sunglasses users and 3 (12%) reported to not use sunglasses vs. 15 (60%) participants were sunglasses users
and 10 (40%) reported to not use sunglasses (p=0.051, Fisher’s exact test)]. In group 1, 16 (64%) patients rated
their self-perception of light sensitivity as 1, 8 (32%) as 2, 1 (4%) as 3; in group 2, 5 (20%) patients rated their
self-perception of light sensitivity as 1, 4 (16%) as 2, 6 (24%) as 3 and 10 (40%) as 4 (p <0.001, Chi-squared test).
Mean values for each ocular parameter investigated in DED and healthy patients are shown in Table 1.

Group 1 Group 2

Mean (SD) | Mean (SD) | p-value
TMH (mm) 0.26 (0.05) 0.35(0.03) | <0.001*
NIBUT First(s) | 5.38(2.63) |10.82(0.63) | <0.001*
IX\I/%U(Z) 8.79 (4.02) |14.22(1.76) | <0.001*
Bulbar redness 1.46 (0.51) 1.05 (0.19) | <0.001%
OSDI score 42.16 (25.91) | 8.48 (1.66) | <0.001*

Mean BCVA 0.13 (0.23) 0.0 (0.0) 0.001*

Table 1. Overall mean and standard deviation (SD) of ocular paramaters analyzed in DED (Group 1, n=25)
and healthy patients (Group 2, n=25). TMH = Tear meniscus height, NIBUT First=Noninvasive Breakup
time first, NIBUT AVG = Average Noninvasive Breakup time, OSDI score =Ocular Surface Disease Index
questionnaire score, BCVA = Best-corrected visual acuity. = Mann-Whitney U test. Bold indicates statistical
significance.
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Group 1 Group 2

Mean (SD) | Mean (SD) | p-value
Continuous warm 2.81(0.56) |3.47 (0.51) | <0.001*
Continuous cold 2.78 (0.54) | 3.48 (0.50) | <0.001*
Flashing warm 2.54(0.53) | 3.12(0.69) 0.004*
Total light sensitivity | 2.71 (0.52) | 3.35(0.53) | <0.001*

Table 2. Light discomfort thresholds for different lighting conditions in DED (Group 1, #n=25) and healthy
patients (Group 2, n=25). + = Mann-Whitney U test. Bold indicates statistical significance.
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Fig. 1. Light discomfort threshold: continuous warm, continuous cold, flashing warm resistances in a healthy
subject (A-C) and in a patient with dry eye disease (D-F). The first vertical line indicates the just perceptible
discomfort, the second one represents the really disturbing discomfort.

Light discomfort thresholds between groups

Patients belonging to group 1 exhibited lower discomfort thresholds for all measurements compared to those of
group 2, as presented in Table 2. Figure 1 shows the different resistance to continuous warm, continuous cold
and flashing warm lights reported by a representative healthy subject (A-C) and by a representative patient with
DED (D-F).

Clinical test comparisons

Differences in the total light sensitivity threshold across the categorical variables were analyzed in Table 3.
There was no effect of iris color, sunglasses use and self-perception of light sensitivity on the total light

sensitivity threshold in both groups. The gender significantly influenced the total light sensitivity threshold in

group 1 with females showing significantly lower threshold than males (2.55+0.51 log10[lux] vs. 3.06 £0.35

log10[lux], p=0.007, Mann-Whitney U test).

Correlation analyses

A possible correlation between total light sensitivity threshold and age and BCVA was explored. A significant
positive correlation was found between total light sensitivity and age in group 2 (r=0.439, p=0.028, Spearman’s
correlation test), but not in group 1 (r=—0.260, p=0.209, Spearman’s correlation test). No significant correlation
was found in group 1 between the total light sensitivity threshold and BCVA (r=-0.154, p=0.462, Spearman’s
correlation test).

The total light sensitivity threshold was evaluated for a possible correlation with OSDI score and the other
continuous variables analyzed with Keratograph 5 M (Table 4).

A significant negative correlation was found between total light sensitivity threshold and OSDI score
(r=-0.499, p=0.011, Spearman’s correlation test) in group 1, but not in group 2. No significant correlation was
observed among total light sensitivity thresholds and the continues variables analyzed with Keratograph 5 M in
both groups.
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Mean total light sensitivity threshold (SD)
Mean total light sensitivity threshold (SD) Group 1 | p-value | Group 2 p-value
Gender 0.007* 0.344%
Male 3.06 (0.35) 3.43 (0.53)
Female 2.55(0.51) 3.25(0.54)
Iris color 0.921% 0.169*
Dark 2.72 (0.54) 3.43 (0.52)
Light 2.69 (0.48) 3.05(0.52)
Sunglasses user 0.906* 0.196*
Yes 2.71(0.55) 3.26 (0.60)
No 2.72 (0.20) 3.49 (0.40)
Self-perception of light sensitivity 0.062% 0.072%
Yes, a lot 2.57 (0.52) 3.11 (0.40)
Yes, a bit 3.03 (0.43) 2.84 (0.80)
No, not really 2.61 3.68 (0.48)
No, not at all / 3.49 (0.53)

Table 3. Total light sensitivity thresholds according to categorical variables. = Mann-Whitney U test; # =
Kruskal-Wallis test. Bold indicates statistical significance.

TMH (mm) | NIBUT First(s) | NIBUT AVG (s) | Bulbar redness | OSDI score
Group 1 Spearman’s R | 0.119 -0.076 0.008 0.043 -0.499
Total light sensitivity threshold |, vaJye 0.571 0.717 0.971 0.839 0.011
Group 2 Spearman’s R | 0.211 —-0.208 0.110 0.075 0218
Total light sensitivity threshold |, vajye 0311 0318 0.600 0.720 0.295

Table 4. Correlations between total light sensitivity threshold and continuous variables evaluated in

DED (Group 1, n=25) and healthy patients (Group 2, n=25). TMH = Tear meniscus height, NIBUT

First = Noninvasive Breakup time first, NIBUT AVG = Average Noninvasive Breakup time, OSDI score = Ocular
Surface Disease Index questionnaire score. Bold indicates statistical significance.

Discussion

Light-related visual disturbances are common DED symptoms difficult to be evaluated in the routine clinical
practice. The present study highlighted the utility of employing Lumiz 100 for assessing light discomfort
thresholds in patients with DED. Significant differences in light sensitivity were found between patients with
DED and controls. Light discomfort thresholds correlated with ocular discomfort symptoms but not with ocular
parameters analyzed with Keratograph 5 M.

DED represents a common etiology of light-related visual disturbances. Consistently, Buchanan et al. reported
in a chart review on 111 adults that DED was the second most common cause of photophobia (36.1%) after
migraine headache (53.7%)°. Furthermore, on a large cohort of DED patients, 299 (79.9%) reported photophobia
for more than half of the time!®; similarly, on a population of 236 veterans with mild or greater DED symptoms,
75% reported photophobia'”. In our study, significant lower thresholds were found for all the light conditions in
DED patients compared to healthy individuals. Different mechanisms have been proposed to explain how DED
may lead to enhanced light sensitivity. Direct irritation of the trigeminal afferents that innervate the eye and
subsequently altered neuronal pathways may be responsible of photophobia in DED patients®. Moreover, tear
film instability is responsible for increased ocular forward light scattering and veiling luminance on the retina
leading to glare which is also associated to a greater neuronal response®. Hence, it is widely accepted that central
sensitization and neurons changes, along with tear film changes, contributes to photophobia in DED patients!®.

None of the variables analyzed appeared to influence light discomfort thresholds in both groups except for
gender. Among DED patients, females exhibited lower total discomfort threshold compared to males. This
gender difference was not observed among healthy participants. This discordance aligns with previous studies
that reported contrasting results. Some authors have identified lower light discomfort thresholds in women!>13,
while others have found no meaningful differences between genders'*=2. Iris color did not seem to affect total
light sensitivity threshold, which is consistent with previous studies reporting minimal or no influence of
iris pigmentation on light discomfort!>2l. In our study, we found no significant difference in light sensitivity
thresholds between individuals who regularly used sunglasses and those who did not. This finding contrasts with
the results reported by Marié et al.!®. Variations in the types of sunglasses used or in the criteria applied to define
regular users could explain such discrepancies.

Total discomfort threshold and light self-perception were not significantly associated. In the literature,
conflicting results are available, and a significant association was found in some studies'>?2, but not in others?:23.
These conflicting findings highlight the subjective nature of questionnaire-based assessments and emphasize the
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need for novel measurement tools, such as the Lumiz 100, able obtain more reliable and accurate data regarding
patients’ light-related complaints.

Controversial data are available about the impact of age on light sensitivity. In our study, a significant
positive correlation was found between light discomfort threshold and age in healthy patients but not in DED
patients. While some studies reported that age does not significantly influence light sensitivity thresholds'>?!,
others showed that younger individuals are more sensitive to light than older ones who present lower contrast
sensitivity and a different modulation of high cortical processes?»?>. Furthermore, although disturbances in
light adaptation are known to impair visual function and reduce visual acuity, BCVA did not correlate with light
sensitivity thresholds in DED patients in our cohort.

A significant negative correlation was found between total light sensitivity threshold and ocular discomfort
symptoms in DED patients. Galor et al. reported that patients with DED and photophobia have a more chronic
disease course and more severe symptoms than their counterparts without photophobia®. Similarly, a recent
study showed that photophobic patients have higher OSDI score compared to non-photophobic patients'.

Conversely, no significant correlation was observed between total light sensitivity threshold and ocular
surface parameters analyzed with Keratograph 5 M. Singh and colleagues reported that tear film parameters
assessed with the same device did not predict the presence or absence of photophobia in DED®. This discrepancy
is not unexpected, given the well-established observation that DED symptoms often show poor correlation with
clinical signs of ocular surface damage!®2°. Therefore, interventions aimed solely at tear film stabilization may
be insufficient in alleviating photophobia. This could explain the limited therapeutic response of photophobic
DED patients to tear substitutes, further substantiating the neurogenic etiology underlying this symptom!#27,

Although this study offers novel insights into the assessment of light sensitivity thresholds in patients with
DED, the limitation related to the cross-sectional design that precludes the assessment of causal relationships
should be mentioned.

In conclusion, this study demonstrated that patients with DED exhibit significantly lower discomfort
thresholds for all light conditions compared to healthy individuals. These thresholds were associated with ocular
discomfort symptoms but not with the other ocular surface parameters measured with Keratograph 5 M. Future
studies with larger sample size and longitudinal design are needed to further explore the characteristics of
light sensitivity in different DED profiles and to evaluate potential therapeutic approaches able to modify light
thresholds.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on
reasonable request.
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