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Summary

Purpose The present study aimed to compare the re-
sults of the Schirmer test over time between the eyes
of healthy participants and those with aqueous-defi-
cient dry eye (ADDE) and to calculate the diagnostic
cut-off values.

Methods An observational cross-sectional study was
carried out with 20 healthy volunteers and 20 patients
with ADDE who fulfilled the inclusion/exclusion crite-
ria (40 eyes/group). A digital photograph was taken of
each strip in both eyes simultaneously every minute
during a Schirmer test procedure until the test ended
(minutes 1, 2, 3, 4, and 5). Results from the strips
were measured by a masked observer using Image]
software and compared between the two groups.
Results There was a difference in the Schirmer test
results for the various time points in all analyses be-
tween the two groups (Greenhouse-Geisser, both p<
0.001; Sidak, all p<0.001). In the pairwise analysis of
each time point, there was a difference in Schirmer
values between the groups (unpaired ¢ test, all p<
0.001). There was no inter-eye difference in Schirmer
absolute values between time points for both groups
(Friedman, both p=0.090; Wilcoxon, all p>=0.062), ex-
cept for the first vs. the fourth and fifth time points
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in the ADDE participants (Wilcoxon, both p<0.030).
In the pairwise analysis of each time point, there was
a difference in inter-eye absolute values between the
groups (unpaired ¢ test, all p<0.010), except for the
fourth vs. the final time point (Mann-Whitney, both
p=0.414).

Conclusion A complete report of the progression of
Schirmer test values over time and between the eyes of
healthy participants and ADDE patients is presented
here, along with the cut-off criteria for the different
time points studied.

Keywords Dry eye diagnosis - Schirmer test -
Aqueous deficient dry eye - Tear volume

Vergleich von Ergebnissen im Schirmer-Test
zwischen Patienten mit trockenem Auge durch
zu geringen Tranenfilm und gesunden
Probanden

Zusammenfassung

Ziel Ziel der vorliegenden Studie war es, die Ergeb-
nisse im Schirmer-Test zwischen den Augen von ge-
sunden Probanden und durch zu geringen Tranenfilm
bedingten trockenen Augen {iiber die Zeit zu verglei-
chen und die diagnostischen Grenzwerte zu ermitteln.
Methoden Dazu wurde eine Querschnitts-Beobach-
tungsstudie mit 20 gesunden Probanden und 20 Pa-
tienten mit durch zu geringen Trénenfilm beding-
ten trockenen Augen durchgefiihrt, welche die Ein-/
Ausschlusskriterien erfiillten (40 Augen/Gruppe). Bei
beiden Augen wurde gleichzeitig eine digitale Foto-
grafie von jedem Streifen in jeder Minute wéhrend
des Schirmer-Tests gemacht, bis der Test zu Ende war
(Minute 1, 2, 3, 4 und 5). Die Ergebnisse der Streifen
wurden mittels verdeckter Beobachtung unter Ver-
wendung der gemeinfreien Software Image] gemessen
und zwischen den beiden Gruppen verglichen.
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Ergebnisse Zwischen den beiden Gruppen bestand ein
Unterschied bei den Ergebnissen des Schirmer-Tests
fiir die verschiedenen Zeitpunkte in allen Auswertun-
gen (Greenhouse-Geisser: beide p<0,001; Sidak: alle
p<0,001). In der paarweise erfolgenden Auswertung
jedes einzelnen Zeitpunkts gab es einen Unterschied
bei den Ergebnissen des Schirmer-Tests zwischen den
Gruppen (ungepaarter ¢ -Test: alle p<0,001). Kein Un-
terschied zwischen den Augen bestand bei den abso-
luten Ergebnissen des Schirmer-Tests fiir die verschie-
denen Zeitpunkte in beiden Gruppen (Friedman: bei-
de p=0,090; Wilcoxon: alle p=0,062), auller fiir den
ersten vs. den vierten und fiinften Zeitpunkt bei den
Teilnehmern mit durch zu geringen Trdnenfilm be-
dingten trockenen Augen (Wilcoxon: beide p<0,030).
In der paarweise erfolgenden Auswertung fiir jeden
Zeitpunkt fand sich ein Unterschied zwischen den Au-
gen fiir die absoluten Werte im Vergleich der Gruppen
(ungepaarter ¢ -Test: alle p<0,010), auller fiir den vier-
ten vs. den letzten Zeitpunkt (Mann-Whitney: beide
p=0,414).

Schlussfolgerung 1In der vorliegenden Arbeit wird
eine vollstindige Darstellung des Verlaufs der Ergeb-
nisse im Schirmer-Test iiber die Zeit und im Ver-
gleich zwischen den Augen von gesunden Probanden
und Patienten mit durch zu geringen Tranenfilm be-
dingten trockenen Augen gegeben, auch werden die
Grenzwertkriterien fiir die verschiedenen untersuch-
ten Zeitpunkte genannt.

Schliisselworter Diagnostik bei trockenem Auge -
Schirmer-Test - Trockenes Auge mit reduzierter
Tranenfilmproduktion - Trdnenvolumen

Introduction

Dry eye disease (DED) was redefined by the Tear
Film and Ocular Surface Society (TFOS) at the Dry
Eye Workshop II (DEWS 1I) as a multifactorial disease
of the ocular surface characterized by loss of tear
film homeostasis accompanied by ocular symptoms
[1, 2]. The TFOS DEWS II classified DED into two
main types: aqueous-deficient dry eye (ADDE) and
evaporative dry eye (EDE; [2]). The tear aqueous
component is important for ocular surface health and
its loss of homeostasis may be at the same time a key
pathogenic mechanism and a diagnostic sign in the
ADDE subtype [3].

Secreted tears are distributed over the ocular sur-
face during the blinking process, departing via evap-
oration and drainage. Tear volume and production
are key components of tear dynamics since they are
directly related to the final total aqueous component
[3-7]; a decreased tear volume on those variables is
assumed to be a diagnostic indicator of ADDE. The
Schirmer test, phenol red test, and the tear menis-
cus height (TMH) have been used as diagnostics tools
for identifying individuals with ADDE [8-10]. The
Schirmer test is an easy-to-use method; nevertheless,

its 5-min duration is a disadvantage for most clini-
cians, generating discomfort due to the invasiveness
of the strip compared to other tests [11, 12]. Simplify-
ing clinical procedures by reducing the performance
time may have benefits for practitioners and patients
alike.

On the other hand, tear film parameters usually re-
main stable over time and between eyes in healthy
individuals. However, in ocular surface diseases such
as DED, disruptions to tear film homeostasis lead to
increasing changes in the diagnostic values over time
or between eyes [13]. This variability offers valuable
insights into the clinical settings. Lower disparities
may indicate temporary effects within compensatory
mechanisms [14, 15]. Studying inter-eye variations is
becoming a significant field in scientific research, po-
tentially streamlining diagnostic processes and reduc-
ing associated costs. While prior research has explored
inter-eye differences in primary diagnostic indicators
such as osmolarity, the potential of the Schirmer test
for the diagnosis of DED or even for the detection of its
subtype has not been investigated to date [1, 14-19].

The present study aimed to (a) analyze and com-
pare the values of the Schirmer test over time and be-
tween eyes of healthy volunteers and individuals with
ADDE as well as to (b) calculate the diagnostic cut-off
criteria of both study parameters for each time point.

Material and methods

In accordance with the recommendations of the TFOS
DEWS II Diagnostic Methodology subcommittee, first
a series of tests were conducted to differentiate be-
tween participants with DED and healthy individuals:
assessment of DED symptoms, fluorescein tear film
break-up time (FBUT), and corneal and conjunctival
staining [1, 2, 20]. The diagnostic thresholds used
to identify DED were Ocular Surface Disease Index
(OSDI) =13, FBUT <10s, and corneal staining (Oxford
grade) >1 [1, 2, 20]. Additionally, TMH was measured
to rule in or to rule out the presence of ADDE, with
a diagnostic cut-off set at TMH =0.20mm [2, 20, 21].
Participants were included and classified as having
ADDE if they failed to fulfil all the inclusion criteria
in both eyes and were assigned to the healthy group
if they passed the cut-off inclusion criteria in all the
tests in both eyes.

Once volunteers were recruited and grouped based
on the inclusion criteria, qualified participants were
scheduled for a single session where the Schirmer
test was performed. Throughout the study, labora-
tory conditions of temperature, light, and humidity
were kept constant (temperature 20-23°C, humidity
50-60%).

Sample size and inclusion criteria

We used PS: Power and Sample Size Calculation,
Version 3.1.2 (William D. Dupont and Walton D.
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Plummer), for the sample size calculation. The stan-
dard deviation (SD) reported in the literature for the
Schirmer test was assumed to be 3.93 [1, 22]. To have
80% power for a significance level of a=0.05 (type I
error associated) with a confidence level of 95% to
detect minimal clinical difference of 5mm between
healthy and pathological participants, the minimum
number of participants required in each group was 11;
moreover, the sample size calculated was in concor-
dance with the sample size proposed by the TFOS for
study designs where Schirmer values were assessed
[1]. Adjusting for a 10% loss to follow-up, a min-
imal sample size of 13 participants per group was
calculated. Finally, the study design was adjusted to
include 20 participants per group in order to reduce
the margin of error from 2.14 to 1.72mm, enhancing
the precision of the results. This decision was made
to improve the scientific validity and robustness of
the findings, ensuring a closer representation of the
population’s true characteristics.

Two similar-sized groups of 20 qualified volunteer
participants were recruited from the optometry clinic
of the center: one group of healthy participants and
another of individuals with ADDE, according to the
study’s inclusion criteria [23]. Participants were re-
cruited for each group based on the TFOS DEWS II
Diagnostic Methodology subcommittee recommen-
dations. Characteristics of the sample are reported in
Table 1. No participant was under any type of topical
and systemic medications or used artificial tears at
the time of the study. Informed consent was obtained
from all participants included in the study. The study
protocol adhered to the tenets of the Declaration of
Helsinki and was approved by the institutional ethics
committee of the university.

Dry eye test battery procedures for inclusion

The symptomatic status of the patients was assessed
using the OSDI questionnaire, a 12-item self-adminis-
tered questionnaire designed for rapid assessment of
ocular surface symptoms related to chronic dry eye
disease, severity, and their effects on the patient [24,
25]. Total OSDI questionnaire scores were calculated
according to published guidelines [24, 25].

The TMH was monitored, recorded, and semiau-
tomatically quantified following a previous protocol
[19, 21, 23]. Subjects were positioned by the slit-lamp
and instructed to look at a target located to main-
tain primary eye gaze while the lower tear meniscus

was observed through a Topcon SL-D4 (Topcon Cor-
poration, Japan) biomicroscope with natural blinks.
The videos were recorded by the Topcon DC-4 dig-
ital camera (Topcon Corporation) attached to the
illumination system. Then, videos were stored on
a computer connected to the slit-lamp microscope.
To avoid reflex tearing, a short light beam (3mm
wide and 5mm height) with moderate illumination
was used to prevent the light from shining directly
into the pupil during measurements [19, 21, 23]. The
central meniscus was captured at the 6 o’clock po-
sition; in all cases, the observation and illumination
systems were always set at 0° and without tilt of
the illumination column. Tear meniscus images ex-
tracted from recorded videos were then measured by
a second masked observer with computer-assistance
image analysis using a Java-based open-source image
processing software (Image] software v1.53i; National
Institutes of Health, Bethesda, MD; http://imagej.nih.
gov/ij/; [19, 21, 23, 26]).

After 5-10 min of the meniscus recording, a 2-uL
volume of non-preserved 2% sodium fluorescein was
instilled into the conjunctival sac with a micro-pipette
[16, 27, 28]. Individuals were instructed to blink three
or four times naturally, without squeezing, to evenly
distribute the fluorescein over the cornea [16, 27, 28].
Within 30s of instillation, the eye was examined with
the SL-D4 slit-lamp biomicroscope set at x16 magni-
fication using a cobalt blue light and a Wratten 12 yel-
low filter [28]. After asking individuals to blink three
times, the fluorescent tear film was video recorded
on the DC-4 camera attached to the slit-lamp while
the recording was stored on a computer. Participants
were requested to keep the experimental eye open for
as long as possible [29, 30]. The process was repeated
three times. A fourth video of the whole anterior oc-
ular surface was then videotaped to evaluate ocular
surface staining. The upper eyelid was lifted slightly to
grade the whole surface when the situation required
it. A second masked observer evaluated the videos.
A masked observer quantified the FBUT (defined as
the time from the last blink to the first dark spot/
line) in frames from the video recordings obtained us-
ing VirtualDub Software v1.10.4 (GNU General Pub-
lic License, https://www.virtualdub.org/); frame re-
sults were then converted into seconds (15 frames=
1s). The FBUT was an average as only the two most
similar measurements were used to reduce variabil-
ity [16, 31]. Corneal and conjunctival staining were
categorized following the Oxford grading scheme that

Table 1 Descriptive statistics of healthy participants and patients with ADDE for the different inclusion criteria tests?
Age (years) Mean+=SD 0SDI (score) median (IQR) FBUT (s) Mean+SD Ocular surface staining (Oxford Scheme) Median TMH (mm) Mean =
(IGR) SD
Healthy  24.0+9.58 10.42 (8.33-12.00) 17.0£9.40 0(0-0) 0.22+0.04
ADDE 35.3+15.13 25.00 (15.23-35.09) 5.3+2.68 1(1-2) 0.10+0.02

0SDI Ocular Surface Disease Index, FBUT fluorescein tear break-up time, TMH tear meniscus height, /QR interquartile range, SD standard deviation, ADDE aque-

ous-deficient dry eye
aCorneal staining data were classified based on the Oxford Scale
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corresponds to 0-5 different levels of ocular surface
damage [16, 32].

Schirmer test procedure

Participants were asked to be seated and instructed
to look slightly up and keep both eyes open. The
Schirmer test was performed by folding a Tear Strips
Whatman 41 paper (Contactcare Ophthalmics and
Diagnostics, 5x 35mm) at the notch, and hooking the
folded end over the temporal one-third of the lower
lid margin in both eyes by two investigators simulta-
neously. During the test, participants were instructed
to fixate their sight on a straight target, refrain from
blinking, and avoid horizontal eye movements that
might cause corneal irritation and consequently tear
hypersecretion. From the start until the end of the
test, a digital picture from each strip without a light
flash or other external illumination was taken every
minute by two examiners at the same time to estab-
lish the different time point references (minutes 1,
2, 3, 4, and 5) in both eyes. Once the 5-min period
ended, the strips were removed. To mask the data,
measurements were associated with an alphanumeric
code for randomized analysis by another observer not
involved in the measurement process.

Another masked observer not involved in any steps
of the clinical sessions measured the images by using
a Java-based open-source image processing software
(Image] software, [26]). The images of the database
were presented to the masked observer in a random-
ized order. Since the length of the strip is a known pa-
rameter (35mm) and the beginning of the strip where
the notch was placed is difficult to capture, the follow-
ing two parameters were used to obtain the results of
the test: the non-wetted area and 1 mm of the strip as
reference for the pixel conversion. The length of those
parameters was marked with the straight tool, which
allows the user to set a line with a free size and posi-
tion. The line was chosen near the middle of the strip,
perpendicular to the border, from one limit of the pa-
rameter to another. Then, the length was calculated
using the command Analyse> Measure with which the
software gives the parameter length.

Statistical analysis

We used SPSS statistical software v. 25.0 for Windows
(SPSS Inc., Chicago, IL, USA) for data analyses. Signif-
icance was set at a p<0.05 for all the analyses. Before
the analysis, the normal distribution of the Schirmer
results was checked using the Kolmogorov-Smirnov
test; all time points showed a normal distribution
(all p>0.05). Hence, parametric tests were used.
An ANOVA for repeated measures was performed,
with Mauchly’s W test used to assess the sphericity
assumption (the assumption that the variances of
the differences between all possible pairs of condi-
tions are equal; [33, 34]). In cases where sphericity

was violated (p<0.05), the Greenhouse-Geisser or
Huynh-Feldt correction was applied, adjusting the
degrees of freedom based on the departure from
sphericity (represented by epsilon, €) to control for
potential type I error inflation [33, 35]. Once general
differences were identified, a Sidak test was used to
detect significant pairwise differences [33]. Addition-
ally, an unpaired ¢ test was used at each time point
to compare differences between results obtained for
healthy volunteers and participants with ADDE [33].

Schirmer inter-eye differences were calculated as
the absolute difference between values obtained from
both eyes (|JOD-OS|) of participants [14, 18]. Since
the absolute inter-eye difference in the Schirmer test
showed a non-normal distribution (Shapiro-Wilk test:
p<0.05), differences in this parameter between time
points were assessed using the Friedman test, while
the Wilcoxon test was used to detect significant pair-
wise differences; to avoid type I errors arising from
multiple comparisons in the |OD-0S| analysis, statis-
tical significance for the Wilcoxon test was divided by
the number of comparisons performed to give a value
of p<0.005 [33]. Additionally, the Mann-Whitney U
test was used at each time point to compare differ-
ences between results obtained in healthy volunteers
and participants with ADDE.

The optimal cut-off value of the studied parameters
to distinguish between healthy volunteers and par-
ticipants with ADDE was estimated with the receiver
operating characteristics (ROC) procedure [8, 36, 37].
Each theoretical cut-off value (from the lowest to the
highest value observed in the study population) was
used to estimate the sensitivity and specificity of the
test. Results were then graphed with the sensitivity
as a function of (1-specificity). area under the curve
(AUC), and 95% confidence intervals (CIs) were also
provided. This method of representing the relation-
ship between the putative cut-off values and the ef-
fectiveness of the test provides a convenient way for
selecting the threshold that finally provides the best
combination between sensitivity and specificity (the
optimal cut-off value is usually chosen as the hinge
point of the curve).

Results
Schirmer values between time points

A statistical difference in the wetted length of the
Schirmer test value between all time points was found
for both groups, i.e., healthy volunteers (Mauchly’s
W: p<0.001, £=0.444; Greenhouse-Geisser, p<0.001,
Table 2) and ADDE participants (Mauchly’s W: p<
0.001, £=0.383; Greenhouse-Geisser, p<0.001,
Table 2); paired analysis also showed that there was
a statistical difference in the Schirmer value for any
pairwise analysis between time points (Sidak test,
all p<0.001). When Schirmer test results for each
time point were compared between groups, there was
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Table 2 Descriptive statistics and analysis of differences between Schirmer test results obtained for each time point for each

group
Healthy (n= 40) ADDE (n=40) Healthy vs. ADDE (unpaired ¢ test)
Mean + SD Mean+ SD p
Schirmer value (mm) Minute 1 16.84+8.30 3.13+£2.26 <0.001
Minute 2 23.17+8.54 4.80+2.66 <0.001
Minute 3 26.96+7.99 6.56+3.14 <0.001
Minute 4 29.08+7.55 8.35+3.98 <0.001
Minute 5 30.81+7.15 9.75+4.47 <0.001
Time point differences (Greenhouse—Geisser) p <0.001 <0.001 -

All values in mm
SD standard deviation, ADDE aqueous-deficient dry eye

Table 3 ROC procedure and cut-off criteria of Schirmer test value (mm) obtained for each time point studied

AUC SD p 95% Cl

Lower

Schirmer value (mm)  Minute 1 0.959 0.019  <0.001 0.921
Minute 2 0980 0.012 <0.001 0.957

Minute 3 0.988  0.008 <0.001 0.973

Minute 4 0.978 0.014  <0.001  0.951

Minute 5 0976 0.013 <0.001  0.950

Youden’s J Cut-off criteria
Upper  Statistic Value  Sensitivity (in %)  Specificity (in %)
0997 0825 768 85 97.5
1000  0.875 1085 875 100
1000  0.825 1313 925 95
1000  0.825 1353 90 95
1000  0.825 1481 875 97.5

AUC area under the curve, SD standard deviation, ROC receiver operating characteristics

ROC Curve
1.0 I
I— |
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|
[1X-
0.6
2
>
s
0
c
Q
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Schirmer value - Minute 3 (mm)
—Schirmer value - Minute 4 (mm)
Schirmer value - Minute 5 (mm)
00 T T T T
00 02 04 06 08 1.0
1 - Specificity

Fig. 1 Receiver operating characteristic (ROC) curve show-
ing the relationship between sensitivity and specificity of the
Schirmer test value (healthy vs. aqueous-deficient dry eye
[ADDE]) according to theoretical thresholds (systematically
chosen cut-off points); for each of the values observed in
the study population (from the lowest to the highest in either
the healthy or the ADDE group), the sensitivity and sensibility
indexes have been calculated and reported in the graph; n=
80

a statistical difference in all the unpaired analyses
between time points (unpaired ¢ test, all p<0.001,
Table 2). According to the ROC procedure, the opti-
mal cut-off value is usually chosen as the hinge point

of the curve between sensitivity and specificity for
each of the observed values in the study population.
The ROC procedures showed that the Schirmer value
has a diagnostic capability to differentiate between
participants’ categories (Table 3). By calculating the
Youden’s index, we found the cut-off value for the
Schirmer value on each time point to distinguish
healthy volunteers from participants with ADDE (all
p<0.001). The analysis is graphically represented in
Fig. 1.

Absolute inter-eye differences in Schirmer test
results between time points

For both participant groups, healthy and ADDE, no
difference was found in the wetted length of the
Schirmer |OD-OS| value between all time points
(Friedman, both p=0.090, Table 4); paired analysis
also showed that there were no differences in the
Schirmer test results |[OD-OS| on any pairwise analy-
sis between time points (Wilcoxon test, all p>0.062)
for both groups, except for the first time point in
the ADDE participants versus the fourth and the fifth
time points (Wilcoxon test, both p<0.030). When
Schirmer test |OD-OS| results on each time point
were compared between groups, there was no sta-
tistical difference in the fourth and final time points
(Mann-Whitney U, all p>0.414, Table 4) while statis-
tical differences were found between groups in the
other three initial time points (Mann-Whitney U, both
p<0.020, Table 4). The ROC procedures showed that
the Schirmer |OD-OS| value has a diagnostic capa-
bility to differentiate between participants’ categories
on the first-, second- and third-minute time points
(all p<0.020, Table 5). By calculating Youden’s index,
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Table 4 Descriptive statistics and analysis of differences between Schirmer |OD-0S]| results obtained for each time point for

each group
Healthy (n=20)
Mean = SD
Schirmer |0D-0SI value (mm) Minute 1 7.28+5.36

Minute 2 8.21+6.29
Minute 3 7.95+6.42
Minute 4 7.06+7.17
Minute 5 6.74+7.79
Time point differences (Friedman) P 0.090
All values in mm

ADDE (n=20) Healthy vs. ADDE (unpaired ¢ test)
Mean + SD p

2.23+1.17 0.004

2.64+1.84 0.004

311217 0.020

3.79+2.23 0.429

3.55+2.46 0.414

0.092 -

SD standard deviation, /0D-0S/ absolute inter-eye difference, ADDE aqueous-deficient dry eye

Table 5 ROC procedure and cut-off criteria of Schirmer |OD-OS| value (mm) obtained for each time point studied

AUC SD ) 95% Cl
Lower

Schirmer [0D-0S| value Minute1 0766 0.080  0.004  0.609
(mm) Minute2  0.763  0.089 0005  0.588
Minute3 0715 0090 0020 0538
Minute4 0575 0095 0417  0.388
Minute 5 0423 0097 0402 0233

Youden’s J Cut-off criteria
Upper  Statistic Value  Sensitivity (in %) Specificity (in %)
0924  0.550 528 55 100
0937  0.600 494 70 90
0.892  0.500 843 50 100
0762 0.300 882 30 100
0612 0825 1166 25 100

AUC area under the curve, SD standard deviation, ROC receiver operating characteristics, /0D-0S/ absolute inter-eye difference

10
0.8 . —
0.6 1
g
>
k=
7]
c
@
(7]
0.4+
Source of the Curve
u Schirmer |OD-0S]| - Minute 1 (mm)
02 —— Schirmer [OD-OS) - Minute 2 (mm)
Schirmer |OD-0S]| - Minute 3 (mm)
~—Schirmer |OD-0S| - Minute 4 (mm)
Schirmer |OD-0S]| - Minute S (mm)
00 T T T T
0.0 02 04 06 08 10

1 - Specificity

Fig. 2 Receiver operating characteristic (ROC) curve show-
ing the relationship between sensitivity and specificity of the
Schirmer |OD-OS| value (healthy vs. aqueous-deficient dry
eye [ADDE]) according to theoretical thresholds (systemati-
cally chosen cut-off points); for each of the values observed in
the study population (from the lowest to the highest in either
the healthy or the ADDE group), the sensitivity and sensibility
indexes have been calculated and reported in the graph; n=
40. |OD-0S| absolute inter-eye difference

we found the cut-off value for the Schirmer |OD-OS|
value on each time point to distinguish healthy vol-
unteers from participants with ADDE. The analysis is
graphically represented in Fig. 2.

Discussion

The main disadvantage of the Schirmer test, a 5-min
examination, is its prolonged duration; it is common
for individuals to express an unpleasant experience
caused by the discomfort generated by the strip during
the procedure. Consequently, some clinical research
is needed to seek the possibility of minimizing the
duration of the test, as well as the need to perform
the test in both eyes of each participant. The present
study aimed to analyze and compare the values of
the Schirmer test over time and between the eyes of
healthy volunteers and participants with ADDE.
According to the DEWS I1I classification report,
there are two main DED types: ADDE and evapo-
rative dry eye [2]. It is important to differentiate
between the two DED types due to the subsequent
management that will be different for each. While
the EDE subtype is usually related to lipid layer al-
terations (therefore, diagnosed based on meibomian
gland malfunctions), the ADDE subtype is related to
the aqueous phase of the tear (discriminated based
on a test that evaluates total tear volume). Tears are
secreted and subsequently distributed over the ocu-
lar surface during the process of blinking, departing
from the ocular surface via evaporation and drainage.
Tear meniscus evaluation offers a noninvasive indi-
cation of the total volume since it is related to the
total tear volume [4-7]. It has been estimated that the
tear meniscus holds 75-90% of the total tear volume
[4]; therefore, the evaluation of its characteristics has
been revealed as a useful tool [38-42]. The TMH has
been proposed in the DED diagnostic test battery
of the DEWS 1I as a criterion to detect the presence
and estimate the severity of the ADDE subtype [20].
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One strength of the present study is the use of strict
criteria to differentiate between healthy volunteers
and patients with DED based on the diagnostic test
battery of the DEWS II (higher symptomatology, lower
stability, and damage presence) and to ensure focus
on individuals with ADDE (lower tear volume).

There was a statistically significant difference in the
Schirmer values between all time points of the test in
both groups. When the results were compared be-
tween groups point by point, a difference was found
even from the first time point. These results may sug-
gest that the 5-min test could be shortened by estab-
lishing adequate cut-off criteria to discriminate ADDE
individuals; previous authors made a similar sugges-
tion [12, 43]. In the present study, these criteria were
calculated and reported.

It is important to note that in the first minute of the
test, the wetting of the filter strip was conducted at an
accelerated rate, but in the next 4 min, it seemed to
decrease significantly (Table 2). Previous reports have
hypothesized that this phenomenon may occur be-
cause of the presence of a series of processes [9-12,
44]. First, there is a natural initial accumulation of
tears in the fornix previous to the strip insertion; this
is probably why the wetting of the filter strip occurred
at an accelerated rate for the first minute and then
slowed down afterward [9, 10, 12]. Second, the sen-
sory receptor adaptation input of the central nervous
system becomes reduced over time to prevent sen-
sory overload and therefore the sensation is perceived
as less intense; this may mean that the rapid wet-
ting of the first minute could occur mainly by reflex
tearing [12, 44]. Third, the evaporation of the aque-
ous phase from the strips increases over time, since
a higher wetting surface allows for a physically higher
evaporation rate; there is another inner influence on
this variable, for instance, comparisons between dif-
ferent testing sites or between different regions of the
world could be affected by environmental differences
[9, 12]. And finally, it has been hypothesized that
there is a negative hydrostatic pressure within the tear
meniscus over the wetting part of the filter paper strip
that slows the wetting process over time because of
this pressure [11, 12]. The fact that no differences
were found in the present analyses between healthy
volunteers and participants with ADDE regarding the
first time point of the test could be a significant limita-
tion to reducing the clinical performance time of the
test to only 1 min. However, the present study also
emphasizes that the specific cut-off values identified
during later time points offer a more reliable and prac-
tical approach for diagnosing ADDE. It indicates that
accurate differentiation between patients with ADDE
and healthy participants can be achieved as early as
the second minute of the Schirmer test. Using this
early time point, the test duration can be shortened
without compromising the diagnostic accuracy, pro-
viding a more comfortable and efficient method for

distinguishing patients with ADDE from healthy indi-
viduals.

In the second part of the analyses, it was found
that there is no variation in the absolute Schirmer
inter-eye difference between time points, neither in
patients with ADDE nor in healthy participants; be-
sides, there is no difference in this value during the
first, the fourth, or the final time point between both
groups. In this sense, previous reports also found no
significant difference in test scores between eyes in
the Schirmer test [12] and in other DED diagnostics
tests [16, 17]. The variability or increasing variation in
parameters is a statistical characteristic of the cause of
heteroscedasticity in DED patients. The heteroscedas-
ticity is considered a clinical indication of the loss of
tear film homeostasis that occurs with dry eye [16,
18, 45]; indeed, inter-eye variability is a hallmark and
a clinical target of DED. It has been suggested that the
higher value of the two eyes obtained on a test should
be used in clinical practice during dry eye manage-
ment, while the lower value seems to reflect the tran-
sient effects of compensatory mechanisms [1, 14, 15,
18]. The present study results open the door to the
possibility of reducing the test to only one eye when
both eyes show a similar severity status, especially if
the test is performed for its full 5-min period. It is pro-
posed in the literature that the Schirmer test measures
the reflex tearing in response to irritation of the con-
junctival surface by the inserted Schirmer strip [11];
this may be the origin of the individual’s discomfort.
Performing the test with only one eye, as well as estab-
lishing a shorter period for the test, may reduce the
unpleasant experience for the participants and im-
prove the time spent in a clinic session. These cut-off
values may also support the option of conducting the
Schirmer test on only one eye under specific condi-
tions, especially when both eyes show similar severity.
The present study found no significant differences be-
tween the eyes during the test, which suggests that
performing the Schirmer test on just one eye may
be a valid approach in certain cases. However, this
should only be considered when it is clear that both
eyes exhibit similar severity, as determined by the in-
clusion criteria and diagnostic classification used in
the present study, which required both eyes to meet
specific conditions. This approach cannot be verified
in other patient populations. While this adjustment
could reduce discomfort for the patient, streamline
the testing process, and save valuable clinical time,
it is important to note that this remains a proposal
that requires further investigation. This approach of-
fers a useful starting point for future research aimed
at optimizing testing protocols without compromising
diagnostic accuracy. By shortening the test duration
and focusing on one eye, clinicians can improve the
overall patient experience while still effectively diag-
nosing ADDE.

It is important to note that the Schirmer test itself
has some limitations. On the traditional Schirmer test,
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the reflex tearing occurs throughout the strip, there-
fore the reflex tear is not reflective of the basal tear
produced by individuals in their everyday life [46]. In
addition, participants are requested to refrain from
blinking for as long as possible during the tests; when
the eyes are open, tear evaporates to the environment
and, therefore, the Schirmer wetted length is influ-
enced by both the lack of production and the evap-
oration rate, which is one of the limitations of the
traditional Schirmer test when trying to study ADDE.
Although in the present study, patients with ADDE
were selected under specific criteria for the dry eye
cohort, every individual has a different evaporation
rate, and therefore this may confound results. In fu-
ture studies, a similar study design but with the eyes
closed could eliminate the evaporation of the tear on
the ocular surface.

Conclusion

In summary, the present study provides a complete
report of the progression of Schirmer test values over
time and between eyes of healthy volunteers and pa-
tients with ADDE; it also established the cut-off crite-
ria for the different time points for both Schirmer and
Schirmer |OD-OS| values. The findings suggest that
reducing the Schirmer test to 2 min and performing it
on only one eye when both eyes exhibit similar sever-
ity could be a practical approach in the population
studied. However, given the limited sample size, these
findings should be considered to be preliminary. Fu-
ture research with larger samples is necessary to val-
idate the reported cut-off values and establish robust
diagnostic criteria applicable across different popula-
tions and time points. Sample size is too small to draw
this general conclusion, and the authors encourage
reserachers to conduct a study with a larger sample.
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