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Abstract

Background: Dry eye disease (DED) is a complex disorder of the ocular
surface, which is associated with disruption of tearfilm homeostasis, visual
disturbance, discomfort and damage to the ocular surface. Artificial tears
are frequently first line symptomatic treatment. But repeated use of
preserved formulations can lead to exposure of the ocular surface to
preservatives, while preservative-free formulations do not expose the surface
to the preservatives of the formulation. It is not completely clear how these
formulations compare to each other clinically.

Objective: To ecvaluate the tearfilm integrity (tearfilm stability and
corneal staining) of preservativefree artificial tears compared to preserved
lubricants, tear production, dry eye symptoms and subjective sleep quality in
dry eye patients.

Methods: 60 bpatients suffering from dry eye were included in a
randomized controlled study. The participants were randomly divided into
two groups. Preserved lubricants were given for 8 weeks to Group B, and
preservativefree artificial tears were given to Group A. The following
outcome measures were evaluated: Tear Break-Up Time (TBUT), Schirmer
I Test, Ocular Surface Disease Index (OSDI), Pittsburgh Sleep Quality
Index (PSQI), and fluorescein corneal staining. Data analysed using SPSS.
Shapiro-Wilk test was used to assess normality. Continuous variables were
compared using paired-samples or independent-samples ttest; categorical
variables were compared using Chi-square test. A two-tailed p value of <
0.05 was considered statistically significant.

Results: The five outcomes reported were improved in both groups after
eight weeks (reported within-group p < 0.001). In Group A (preservative-
free), TBUT increased from 6.82 + 1.21 to 10.94 + 1.36 seconds and
Schirmer I from 7.43 + 1.84 to 11.87 £ 2.06 mm; OSDI decreased from
31.46 + 6.72 to 16.28 + 5.14, PSQI from 9.13 + 2.18 to 5.02 + 1.64,
and fluorescein staining from 2.17 = 0.69 to 0.83 + 0.54. In Group B
(preserved), corresponding changes were 6.71 + 1.18 to 8.72 + 1.29
seconds for TBUT, 7.31 = 1.79 to 9.46 = 1.91 mm for Schirmer I, 30.98
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+6.51 t021.37 £ 5.62 for OSDI, 9.07 £ 2.11 t0 6.87 £ 1.83 for PSQ],
and 2.13 £ 0.72 to 1.32 + 0.61 for corneal staining. The comparisons
after the treatment were reported to favor Group A (p < 0.001).

Conclusion: Ocular and subjective sleep outcomes significantly improved

in both treatment groups after 8 weeks. Preservative-free artificial tears were
reported as the superior tearfilm stability, corneal staining, sleep quality,
and tear production, and as the superior assess of dry eye symptom burden.
These results are related to subjective sleep quality, not sleep disorders.

1. Introduction

Dry eye disease is a frequent, multifactorial
ocular surface disease in which the normal tear-
film homeostasis is disturbed. It is a vicious
cycle of tearfilm instability, hyperosmolarity,
inflammation of the ocular surface, damage to
the cornea's upper layer, and neurosensory
abnormalities. These mechanisms may lead to
symptoms of ocular fatigue, foreign-body
sensation, fluctuating vision, and dryness
(Craig et al.,, 2017; Wolffsohn et al., 2017).
Loss of tearfilm homeostasis has been
identified as a key component of DED in the
TFOS DEWS 1II framework and a key
consideration in clinical management should
be to tailor the approach to the severity and
underlying mechanisms of the disease (Craig et
al., 2017; Jones et al., 2017).

Artificial tears are used extensively in the
treatment of DED because they are used to
lubricate and to temporarily replace and/or
supplement the tear film. They can minimize
the rubbing of the eyelid on the eye surface,
make the eye surface more comfortable, and
aid in the movement of the eye surface during
blinking. Artificial tear therapy has been shown
to have an effect on both subjective and
objective measures of eye changes of the surface
in clinical trials, but the response has been
variable by formulation and patient (Craig et
al., 2021; Jones et al., 2017).

Preserved multidose and preservative free
artificial tears can be supplied. The main
reason for adding preservatives is to preserve
microbiological stability after multiple opening
of multidose containers. Preservatives have a
valuable pharmaceutical function but chronic
exposure can be significant with regard to
tolerance of the ocular surface. Benzalkonium
chloride (BAK), one of the most widely studied
ophthalmic preservatives, has been linked to
changes in the eye's surface, such as epithelial

toxicity, tear-film instability, inflammation and
other changes, especially when used for longer
periods (Baudouin, Labbé¢, Liang, Pauly, &
Brignole-Baudouin, 2010).

Adverse effects of preservatives are particularly
important in patients who use topical products
on a frequent basis. The TFOS DEWS II
iatrogenic report discusses how topical
medications and preservatives can worsen OSD
and the importance of avoiding preservatives
when treating patients with DED (Gomes et
al.,, 2017). A review on the topic of using
preservatives in dry-eye preparations found that
preservative-free formulations might be more
suitable in those who need to apply their
ocular drops more often or for longer, but
preserved preparations could be useful in
specific cases (Walsh & Jones, 2019).

While there are theoretical benefits to using
preservative-free lubricants, there is not
conclusive clinical evidence that can be used to
compare preservativefree and  preserved
lubricants. In a systematic review of studies that
compared the two formulations, Ribeiro et al.
did not find a statistically significant difference
between them for several outcomes such as
OSDI, Schirmer testing, and tear-film breakup
time. The authors found inadequate evidence
of superiority of artificial tears without
preservative (Ribeiro, Barbosa, Ribeiro, Sousa-
Rodrigues, & Ribeiro, 2019). Likewise, the
TBUT and Schirmer values improved in both
preserved and preservative free groups in a
2025 randomized controlled trial, and there
was no significant difference between the
groups following 4 weeks (Obuchi, Ifeanyi, &
Eghosasere, 2025).

DED also has an impact beyond ocular signs.
Symptoms affecting the eye can cause long-term
discomfort and impair vision, which can
negatively affect a person's daily life and overall
health. There is growing evidence that there is
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a link between DED and disturbed sleep. The
study by Roberts et al. (2024) was a systematic
review and meta-analysis that included 21
studies, with over 419,000 participants,
showing that DED had a significant impact on
sleep quality, with higher PSQI scores and an
increased risk of sleep disorders (Gu et al.,
2024). The results confirm the need to
consider sleep-related outcomes in assessing the
overall impact of DED.

This study therefore compared preservative-free
artificial tears with preserved lubricants in
treatment for 8 weeks. This study also looked
at sleep quality (using the Pittsburgh Sleep
Quality Index), as well as the traditional eye-
related outcomes. The aim of this study was to
see if preservativefree treatment brought a
greater improvement in the tear film stability,
tear production, dry eye symptoms, and
integrity of the ocular surface and sleep quality.

2. Materials and Methods

a. Study Design and Setting
Preservative free artificial tears versus preserved
lubricants  were  compared through a
randomized controlled comparative trial in
Makkah welfare foundation hospital for dry eye
patients. Participants were then followed up for
eight weeks after initiation of intervention.

b. Participants and Sample Size

The total number of participants was 60
divided into two treatment groups. The first
group (Group A) included 30 participants, and
the second group (Group B) included 30
participants who were given preservative-free
artificial tears. There were 30 participants in
Group A, and 30 in the second group (Group
B) who were given preserved lubricants.

This study targeted adult population with
clinically diagnosed dry eye symptoms.
Standardized clinical and questionnaire-based
outcome measures were used to evaluate
participants pre- and post-treatment.

c. Intervention

All subjects in Group A were given preservative
free artificial tears during the intervention
period. Conserved lubricants were provided for
the participants of group B. All groups received
the same treatment for 8 weeks. For 8 weeks

both groups were treated as usual.
The comparison was used to see if there was an
association between the use of preservative-free

and higher levels of OME and higher levels of

patient-reported outcomes.

d. Outcome Measures Tear Break-Up
Time

The tearfilm stability was used as an indicator
of TBUT. The time lapse from a full blink to
the first spot of dryness was measured after
instillation of fluorescein. A shorter TBUT will
reflect less stability of the tear film (Wolffsohn
etal., 2017).

Schirmer I Test

The Schirmer I Test was used to assess aqueous
tear production. The test results were measured
as a number of millimeters of wetting of the
standardized test strip after the set time.

Ocular Surface Disease Index

The OSDI was used to determine the severity
of dry eye symptoms and how this impacts
vision-related activities in the day-to-day world.
A higher score indicates more burden of
symptoms.

Pittsburgh Sleep Quality Index

Subjective sleep quality was assessed by using
PSQI. Higher PSQI scores represent worse
sleep quality. This measure was included based

on research that related DED with poor sleep
quality (Gu et al., 2024).

Fluorescein Corneal Staining

Fluorescein staining was used to evaluate
ocular surface epithelial disruption. The more
an eye is damaged, the higher the staining
score.

e. Statistical Analysis

SPSS was used for statistical analysis. Data for
continuous variables were described as mean
and standard deviation while categorical data
were described as frequencies and percentages.
The Shapiro-Wilk test was used to assess the
distribution of continuous variables. None of
the evaluated continuous variables had a p
value < 0.05, and were therefore assumed to be
normally distributed. Within group
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comparisons of pre and post treatment
measurements were performed using paired-
samples ttests. Independentsamples ttests
were used for between-group comparisons. The
Chi-square test was used to assess baseline
categorical characteristics. A p value < 0.05 was
considered statistically significant.

3. Results

In the present study, 60 patients with the
diagnosis of dry eye disease were equally
divided into Group A (preservative-free
artificial tears) and Group B (preserved
lubricants). Both groups had similar baseline
demographic and clinical data, and all
continuous variables had a normal distribution
(Shapiro-Wilk test). Post treatment statistically
significant improvement was achieved in both
treatment groups for Tear Break-Up Time
(TBUT), Schirmer I Test, Ocular Surface
Disease Index (OSDI), Pittsburgh Sleep Quality
Index (PSQI) and Fluorescein Corneal Staining

scores (p < 0.001). Post-treatment comparisons,
however, showed that the Group A had
significantly better scores than the Group B in
terms of TBUT, Schirmer I Test and OSDI,
PSQI and.

There was a greater degree of corneal staining
with fluorescein (p < 0.001). These results
revealed that both preservative-free artificial
tears and preserved lubricants were effective in
improving the signs and symptoms of dry eye
disease, but that the preservative-free artificial
tears led to greater improvement in tear film
stability, tear production, in vivo assessment of
ocular surface health, severity of symptoms,
and sleep quality.

a. Study Participants

A total of 60 participants were studied. The
eight-week intervention period was completed
by 30 participants in Group A and 30 in
Group B.

Table 1. Baseline Demographic Characteristics of Participants

Variable Category Group A: | Group B: [Total (N=60)| p-value
Preservative- Preserved
Free (n=30) (n=30)
IAge (years) Mean + SD 41.2 £ 8.6 42.1 +89 41.7 t 0.694
8.7
Age group 20-30 5 (16.7%) 4 (13.3%) 0 0912
years (15.0%)
31-40 9 (30.0%) 3 (26.7%) 17
years (28.3%)
41-50 7 (23.3%) 3 (26.7%) 15
years (25.0%)
51-60 6 (20.0%) 7 (23.3%) 13
years (21.7%)
>60 years 3 (10.0%) 3 (10.0%) 6
(10.0%)
Gender Male 12 (40.0%) 12 (40.0%) 24 1.000
(40.0%)
Female 18 (60.0%) 18 (60.0%) 36
(60.0%)
Occupation Office 9 (30.0%) 0 (30.0%) 18 0.998
worker (30.0%)
Teacher 6 (20.0%) 6 (20.0%) 12
(20.0%)
Housewife 8 (26.7%) 3 (26.7%) 16
(26.7%)
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Student 4 (13.3%) 4 (13.3%) S
(13.3%)
Other 3 (10.0%) 3 (10.0%) 6
(10.0%)
Duration of <6 months 7 (23.3%) 6 (20.0%) 13 0.923
dry-eye (21.7%)
symptoms
6-12 12 (40.0%) 12 (40.0%) 24
months (40.0%)
>12 11 (36.7%) 12 (40.0%) 23
months (38.3%)
Frequency of Once daily 10 (33.3%) 9 (30.0%) 19 0.895
eye-drop use (31.7%)
2-3  times |14 (46.7%) 15 (50.0%) 29
daily (48.3%)
>3 times |6 (20.0%) 6 (20.0%) 12
daily (20.0%)

The  Presentations provide the  basic
demographic  information  about  the
participants in the study. There were 30
patients in each of the treatment groups and a
total of 60 patients were included. There was
no significant difference between the two
groups with respect to the mean age. There
were slightly more females than males in the
study population. The working group consisted
of various categories of occupations, of which
the main groups were office work and

housewives. Concerning the length of dry eye
symptoms, most participants reported 6-12
months of symptoms, and others reported
either < 6 months or > 1 year. There was no
difference in the frequency of eye-drops use
also between the two groups. The overall data
showed no statistical difference (p > 0.05) in
the baseline demographic characteristics, which
means that the two groups were sufficiently
comparable prior to the intervention.
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Figure 3.1 Age Distribution of Participants (N = 60)
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Figure 3.4 Duration of Dry Eye Symptoms Among Participants (N = 60)

Table 2. Pre- and Post-Intervention Outcomes in Group A

Outcome Pre-treatment Mean + Post-treatment Mean + jog
SD SD value
TBUT (seconds) 6.82 + 1.21 10.94 + 1.36 <0.001
Schirmer I (mm) 7.43 + 1.84 11.87 + 2.06 <0.001
OSDI score 31.46 +6.72 16.28 + 5.14 <0.001
PSQI score 9.13 + 2.18 5.02 + 1.64 <0.001
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Fluorescein 2.17 £ 0.69 0.83 + 0.54 <0.001
staining
Group A  had statistically  significant reduction in OSDI, PSQI scores which were

improvement in all outcomes at 8 weeks. An
improvement in tearfilm stability and tear
secretion was determined by increases in

TBUT and Schirmer I values. There was a

used to monitor dry eye symptoms and sleep
quality. The staining of fluorescein was also
reduced indicating an improvement in the
integrity of the ocular surface.

Pre- and Post-Intervention Outcomes in Group A

Comparison of mean outcome values before and after eight weeks of preservative-free artificial

tear treatment.

45

TBUT (sec)

up A n

osDI

® Pre-intervention

PsQl

@ Post-intervention

Figure 3.5. Pre- and post-intervention comparison of clinical outcomes in Group A receiving
preservative-free artificial tears.

Table 3. Pre- and Post-Intervention Outcomes in Group B

Outcome Pre-treatment Mean =+ Post-treatment Mean =* P
SD SD value

TBUT (seconds) 6.71 £ 1.18 8.72 + 1.29 <0.001
Schirmer I (mm) 7.31 +1.79 0.46 + 1.91 <0.001
OSDI score 30.98 + 6.51 21.37 £5.62 <0.001
PSQI score 9.07 + 2.11 6.87 £ 1.83 <0.001
Fluorescein 2.13+£0.72 1.32 £ 0.61 <0.001
staining
There was also a statistically significant change, whereas the OSDI, PSQI and
difference in group B after treatment. The fluorescein staining scores had a negative
TBUT and Schirmer I values had a positive change.

Pre- and Post-Intervention Outcomes in Group B

Comparison of mean outcome

treatment

. values before and after eight weeks of preserved lubricant
— - .
TBUT (sec) Schirmer | (mm ) osDI pPsal Fluorescein st )
® Pre-intervention @ Post-intervention

Figure 3.6. Pre- and post-intervention comparison of clinical outcomes in Group B receiving
preserved lubricants.
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Table 4. Between-Group Comparison After Intervention

Outcome Group A Post  |Group B Post  [Mean P
treatment treatment Difference value

TBUT (seconds) 10.94 + 1.36 3.72 + 1.29 2.22 <0.001
Schirmer I (mm) 11.87 £ 2.06 9.46 £ 1.91 241 <0.001
OSDI score 16.28 £ 5.14 21.37 +5.62 15.09 <0.001
PSQI score 5.02 + 1.64 6.87 + 1.83 11.85 <0.001
Fluorescein 0.83 + 0.54 1.32 £ 0.61 10.49 <0.001
staining

The postintervention comparison revealed
higher gains in the group A than group B in all
major outcome measures. Group A had higher
TBUT and Schirmer I values and lower OSDI,
PSQI and fluorescein staining scores. The pre-
to-post mean changes for Group A and Group
B, respectively, were: TBUT +4.12 versus +2.01

Between-Group Comparison After Intervention

seconds, Schirimer I +4.44 versus +2.15 mm,
OSDI —15.18 versus —9.61 points, PSQI
—4.11 versus —2.20 points, and fluorescein
staining —1.34 versus —0.81 points. No
separate significance tests of the differences in
change scores are reported.

Comparison of post-intervention mean outcomes between the preservative-free artificial tear

group and the preserved lubricant group after eight weeks

Qa
.
0

IBUT (sec) Schirmer | (mm)

OsDI

® Group A: Preservative-free

irtificial

PSQI Fluorescein staining

@ Group B: Preserved

Figure 3.7 Between-group comparison of post-intervention clinical outcomes after eight weeks of
treatment.

4.
Preservative-free artificial tears were compared
to preserved lubricants in the management of
dry eye in this randomized comparative trial.
The results showed substantial gains for both

Discussion

groups on each of the measures. The
preservativefree  group,  however,  had
significantly better post-treatment

improvements in TBUT, Schirmer I, OSDI,
PSQI and fluorescein corneal staining.

A change in integrity of the tear film was
specifically pertinent to the study objective.

Mean TBUT increased by 4.12 seconds in
Group A (10.94 minus 6.82) and 2.01 seconds
in Group B (8.72 minus 6.71). This equates to
a descriptive difference of 2.11 seconds
between groups with respect to mean pre to
post change. Tearfilm instability is one of the
main features of DED and it is a key factor in
inducing stress and symptoms of the ocular
surface (Wolffsohn et al., 2017). The groups
showed improvement because both were able
to temporarily replace the tear film with
artificial tears to minimize surface friction.
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These change values were calculated from the
reported group means and are not additional
independently tested outcomes.

The current observations do not change the
overall impression of the artificial tears'
therapeutic use but do not agree with certain
comparative studies as to the degree of
difference between preserved and preservative-
free formulations. Ribeiro et al. concluded that
there is not enough evidence regarding the
superiority of preservative-free artificial tears,
but both formulations had the potential to
improve the outcomes of dry eye (Ribeiro et al.,
2019). More recently, Obuchi et al. have found
that the TBUT and Schirmer measurements
significantly improved in both preserved and
preservative-free groups after four weeks, with
no significant difference between the two
groups after 4 weeks (Obuchi et al.,, 2025).
Strong between group effect in the present
study might be related to the treatment period
(8  weeks), to formulation, patient
characteristics, adherence, or to the outcome
profile of the study population.

The values for Schirmer [ also showed
improvement in both groups, more so in
Group A. While artificial tears are not per se
secretagogues, they can increase comfort and
tear-film homeostasis which can lead to better
tear-related measurements. However, there is
considerable variation in the Schirmer test, so
it should be used in conjunction with clinical
symptoms and  other ocular  surface
abnormalities (Wolffsohn et al., 2017).

The decrease in OSDI scores implies that the
clinical improvement was also paralleled by a
decrease in patient-reported symptoms. Based
on the results tables, Group A demonstrated a
15.18point reduction (31.46 to 16.28),
compared with 9.61 points (30.98 to 21.37) in
Group B. The higher descriptive reduction
seen in Group A might be due to better
tolerability of the ocular surface. Preservatives,
especially BAK, can be cytotoxic and pro-
inflammatory at the ocular surface, and may
cause discomfort and tearfilm disruption if
used for extended periods of time (Baudouin et
al., 2010; Gomes et al., 2017).

Thus, the present results confirm the clinical
need to reduce the amount of preservative
exposure when topical treatment is necessary

on multiple occasions. A study of dry-eye eye
drops preservatives also found that preservative-
free formulations could be especially beneficial
when a person needs to use the drops often or
for long periods of time (Walsh & Jones, 2019)
Preservative containing lubricants are not to be
considered ineffective, however, significant
improvements were seen in Group B in all
outcomes in the current study. The second
indicator of tear-film/ocular surface integrity
measured in this analysis was corneal
fluorescein staining, which dropped by 1.34
points in Group A (2.17 to 0.83), but only by
0.81 points in Group B (2.13 to 1.32). This
descriptive difference of 0.53 points is in line
with the improvement of the ocular surface
epithelial condition. Tear-film dysfunction and
inflammatory mechanisms play a role in ocular
surface damage associated with DED (Craig et
al.,, 2017; Wolffsohn et al.,, 2017). Staining
scale and grading protocol should be defined
in the methods prior to submitting.

The subjective part of this study is the
subjective sleep quality. There was a descriptive
difference in improvement of 1.91 between the
two groups (Group A to 4.11; Group B to
2.20) with a mean PSQI score decrease in both
groups. Sleep quality was evaluated in this
study using PSQI but not clinically diagnosed
sleep disorders were confirmed or resolved.
The link between DED and insomnia has been
growing. Gu et al. found that the sleep quality
scores (PSQI) for DED patients were higher
and their risk of sleep disorders was higher
than healthy controls (Gu et al., 2024). In the
current study, the changes in PSQI might be
attributed to better ocular comfort or symptom
control overall, but a direct investigatory of a
causal mechanism was not performed.

But it should be taken with a grain of salt that
the quality of sleep has improved. Various
factors affect sleep, such as psychological status,
job demands, environment, lifestyle, and other
health factors. Thus, the reported decrease in
PSQI cannot be considered as evidence that
improved sleep was due to the improvement in
the ocular surface. However, the direction of
change in both groups and the greater change
in the preservative-free group lend support to
the benefit of evaluating sleep as a patient-
centered outcome in DED.
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The results further have therapeutic
applications in clinical care. There is evidence
that artificial tears are a key therapy for the
management of DED, but the ideal
formulation will need to be tailored on a case-
by-case basis depending on the severity of the
disease, frequency of use, state of the ocular
surface, and the patient's tolerability (Craig et
al.,, 2021; Jones et al.,, 2017). If the patients
need to instill the drug often, there may be less
cumulative exposure to the eye surface without
preservative. However, for patients who need
to take less often, and tolerate the medication
well, preserved products can be useful and
convenient.

This study has the strengths of complementary
outcomes. TBUT and corneal staining with
fluorescein were used to provide information
on tearfilm and ocular surface integrity,
Schirmer I was used to assess aqueous tear
production and OSDI was used to capture
symptom burden, whereas PSQI was used to
measure subjective sleep quality. The similarity
of the groups as reported also contributes to
the comparability of the groups, which should
be documented through the adequacy of
randomization and allocation procedures.
There are some caveats that should be noted.
Firstly, the number of people in each group
was small (n = 30). Second, the treatment
period lasted only a maximum of 8 weeks,
which meant that results of longterm
effectiveness or safety could not be drawn.
Third, the study did not attempt to control for
all the pharmacological characteristics of the
artificial tears, including viscosity, active
ingredient, osmolarity and lipid content. The
formulations, identity of the formulations,
dose frequency of the formulations, random
sequence and allocation concealment methods,
and corneal staining grading scale can affect
these factors, which can influence treatment. If
these details are not provided, it is hard to
separate the independent contribution of
preservative status. Inferential statistics should
be verified with patient level data response
independent of preservative status. Thirdly,
sleep quality is complex and could be affected
by factors that were not measured in the study.
Larger sample sizes, longer follow-up periods,
standardized formulations of artificial tears,

and objective assessment of tearfilm and
ocularsurface function should be used in
future RCTs. It would also be interesting to
determine if the advantages of preservative-free
therapy are greater in cases that need frequent
dosing or in cases with moderate to severe

OCD.

5. Conclusion

Preservative-free artificial tears and preserved
lubricants were effective in the improvement of
tearfilm stability, tear production, dry eye
symptoms, sleep quality and staining of the
ocular surface after eight weeks of treatment.
More improvements were noted in all
outcomes of participants assigned to the
preservative free artificial tears, however.
Results indicated that preservative free artificial
tears could be valuable clinically in dry eye
patients who are on a regimen of frequent or
long-term lubrication.

These findings also suggest that preserving eye
drops are not necessary, but must be
interpreted in the context of previous studies
which have demonstrated the efficacy of both
preserved- and preservativefree artificial tears.
Treatment options should thus be tailored.

6. Clinical Implications

Preservative free artificial tears might be used
to minimize repeated exposure of the ocular
surface to preservatives in patients who use
artificial tears often. Clinicians should evaluate
the severity of symptoms, tear-film stability and
ocular surface dryness.

When choosing a lubricant, consider factors
such as condition, treatment frequency,
patients' tolerance, cost, and adherence.

Sleep quality was also included in the present
study, emphasizing the need to look beyond
traditional ocular parameters and consider
patient-centered outcomes.

REFERENCES

Baudouin, C., Labb¢, A., Liang, H., Pauly, A.,
&  Brignole-Baudouin, F. (2010).
Preservatives in eyedrops: the good, the

bad and the ugly. Progress in retinal and
eye research, 29(4), 312-334.

https://ijournalar.com

| Fatima et al., 2026 | Page 42



INTERNATIONAL JOURNAL OF ADVANCED RESEARCH

International Peer-Reviewed Research Journal

ISSN (Online): 3106-7980 | ISSN (Print): 3106-7972
Volume 3 ¢ Issue 7 * November 2026

Craig,

J. P, Muntz, A, Wang, M. T,
Luensmann, D., Tan, J., Huarte, S. T.,
Wolffsohn, J. S. (2021).

Developing evidence-based guidance
for the treatment of dry eye disease
with artificial tear supplements: A six-
month multicentre, double-masked
randomised controlled trial. The ocular

surface, 20, 62-69.

Craig, J. P., Nichols, K. K., Akpek, E. K,

Caffery, B., Dua, H. S., Joo, C.-K,, . ..
Tsubota, K. (2017). TFOS DEWS II
definition and classification report.

The ocular surface, 15(3), 276-283.

Gomes, J. A. P., Azar, D. T., Baudouin, C.,

Efron, N., Hirayama, M., Horwath-
Winter, J., . . . Pepose, J. S. (2017).
Tfos dews ii iatrogenic report. The

ocular surface, 15(3), 511-538.

Gu, Y., Cao, K., Li, A., Wang, J., Guo, Y., Hao,

Y, . . . Jie, Y. (2024). Association
between sleep quality and dry eye
disease: a literature review and meta-
BMC ophthalmology, 24(1),

analysis.

152.

Jones, L., Downie, L. E., Korb, D., Benitez-del-

Castillo, J. M., Dana, R., Deng, S. X., .
. . Liu, Y. (2017). TFOS DEWS 1I
management and therapy report. The

ocular surface, 15(3), 575-628.

Obuchi, B. F,, Ifeanyi, O. C., & Eghosasere, 1.

(2025). Comparing preserved and
preservative-free artificial tear drops on
tear film stability and flow rate in dry
eye. Journal of the Nigerian Optometric

Association, 27(2), 42-53.

Ribeiro, M. V. M. R., Barbosa, F. T., Ribeiro,

Walsh,

L. E. F., Sousa-Rodrigues, C. F. d., &
Ribeiro, E. A. N. (2019). Effectiveness
of using preservative-free artificial tears
versus preserved lubricants for the
treatment of dry eyes: a systematic
review. Arquivos brasileiros de
Oftalmologia, 82(5), 436-445.

K., & Jones, L. (2019). The use of
preservatives in dry eye drops. Clinical
Ophthalmology, 13, 1409-1425.
doi:10.2147/0OPTH.S211611

Wolffsohn, J. S., Arita, R., Chalmers, R.,

Dijalilian, A., Dogru, M., Dumbleton,
K., ... Pult, H. (2017). TEOS DEWS
II diagnostic methodology report. The
ocular surface, 15(3), 539-574.

https://ijournalar.com

| Fatima et al., 2026 |

Page 43



