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ABSTRACT | Purpose: To evaluate the effects of a propylene
glycol-hydroxypropyl guar nanoemulsion on symptoms and
ocular surface parameters in patients with evaporative dry eye.
Methods: This prospective, single-center, interventional study
included patients aged 18-50 years with evaporative dry eye who
received a propylene glycol-hydroxypropyl guar nanoemulsion.
Participants were instructed to instill the nanoemulsion three
times daily for 90 days. Evaluations included the Ocular Surface
Disease Index, tear osmolarity, tear meniscus height, lipid layer
thickness, noninvasive tear break-up time, fluorescein tear
break-up time, corneal fluorescein staining (National Eye Institute
Scale), Schirmer’s test 1, and meibum quality. Results: Thirty-three
participants were enrolled, and 30 completed the study. The mean
age was 36 + 10 yr, and 73.3% were women. The mean Ocular
Surface Disease Index score significantly decreased from 43.1
+ 20 at baseline to 25.2 + 17 at 3 months (p=0.009). Median
corneal fluorescein staining decreased from 2 (1Q range=1-3)
to 1 (1Q range 25-75 = 0-1) at the final follow-up (p=0.002).
The mean fluorescein tear break-up time increased significantly
increased from 3.8 + 2.1 at baseline to 5.8 + 2.2 at 3 months
(p=0.002). Tear osmolarity decreased significantly (p=0.01) and
lipid layer thickness improved markedly (p<0.001). No significant
changes were observed in tear meniscus height or noninvasive
tear break-up time (p>0.05). Conclusions: Treatment with a
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propylene glycol-hydroxypropyl guar nanoemulsion significantly
improved dry-eye symptoms, corneal staining, tear film stability,
and lipid layer quality in patients with evaporative dry eye. No
adverse events were reported, supporting the safety and efficacy
of this formulation.
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INTRODUCTION

Dry-eye disease (DED) is a multifactorial condition
that affects the ocular surface and accounts for a subs-
tantial number of consultations with eye care pro-
fessionals”. Patients with DED experience ocular dis-
comfort and visual disturbances that can significantly
impair daily functioning and overall quality of life®.

Globally, DED affects 5%-50% of the population and
is categorized into three main types: aqueous-deficient
DED, characterized by reduced tear production; eva-
porative dry eye (EDE), associated with increased tear
evaporation due to dysfunction of the tear film lipid
layer; and mixed DED, which presents features of both
types®®. EDE is the most prevalent subtype and is
commonly linked to meibomian gland (MG) dysfunction
(MGD)®. The MGs play an essential role in maintaining
tear film stability by reducing tear evaporation. When
MG function is compromised, tear osmolarity increases,
leading to ocular surface inflammation and epithelial
damage®.

Although MGD is present in approximately 70% of
DED cases, modern lifestyles further exacerbate ocular
surface stress through environmental exposure and
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prolonged visual display terminal (VDT) use”?. These
factors contribute to accelerated tear evaporation
due to low ambient humidity and a reduced blink
rate associated with screen use®'?. The interaction of
MGD, environmental stressors, and extended screen
time not only diminishes ocular comfort but also
negatively impacts ocular surface health. This was
particularly evident during the coronavirus disease 2019
(COVID-19) pandemic, when increased VDT use led to
a higher prevalence of DED symptoms, even among
younger individuals"'2.

Because DED symptoms can impair visual perfor-
mance, daily activities, and quality of life, the primary
goal of treatment is to alleviate discomfort and restore
ocular surface and tear film homeostasis without
disrupting routine activities""?. Artificial tear substitutes
remain the mainstay of DED therapy; however, there
remains a need for formulations capable of targeting all
layers of the tear film“'3.

Most conventional eye drops focus on replenishing
the aqueous layer of the eye. In contrast, a newer for-
mulation—a nanoemulsion containing propylene glycol
(PG) and hydroxypropyl guar (HPG)—offers a novel
approach to tear film stabilization"®. The proposed
mechanisms of the PG-HPG nanoemulsion involve
synergistic actions: PG acts as a demulcent that enhances
hydration and epithelial protection, while HPG forms a
gel-like matrix that adheres to damaged epithelial cells,
stabilizing the tear film by anchoring lipids and redu-
cing evaporation’”. Phospholipid nanoparticles in the
formulation further facilitate the uniform distribution
of lipids across the tear film, thereby supporting its
stability>19.

Previous studies have demonstrated that this na-
noemulsion effectively reduces symptoms of DED in
both general patients and contact lens wearers while
improving tear film stability®'”'®. However, most
studies have evaluated short-term effects, typically las-
ting under 1 month, and have not reported significant
improvements in the lipid layer of the tear film®"* 41718,
Notably, a study with a 6-month follow-up reported
a measurable enhancement in lipid layer thickness
(LLT) beginning at the third month"®. These findings
underscore the importance of extended follow-up to
gain a deeper understanding of the long-term effects of
treatment on the ocular surface.

The present study aimed to assess the efficacy of
PG-HPG nanoemulsion, administered three times daily
as the initial and sole treatment, in patients with EDE
over a 3-month follow-up period.
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METHODS
Study design

This prospective, single-center, interventional study
was conducted in adult patients with EDE and was
registered in the ISRCTN registry (10208997). Parti-
cipant enrollment took place between September 2023
and March 2024. The study included a recruitment
visit (Days —7 to 0) to determine eligibility, during
which participants completed the Ocular Surface
Disease Index (OSDI) questionnaire and underwent
a clinical interview to identify symptoms suggestive
of DED. Eligible participants were assessed on Days 1
and 2 as part of the recruitment process, during which
ocular surface parameters were evaluated to confirm
symptomatic EDE. Participants who met all inclusion
criteria were enrolled in the study. Follow-up visits were
conducted at Day 30 (visit 1) and Days 90-91 (visit 2) to
assess and record dry-eye symptoms and ocular surface
parameters.

Eligibility criteria

Participants were adults aged 18-50 years with
symptomatic EDE, as defined according to the Dry
Eye Workshop 11 (DEWS 1l) criteria®”. Inclusion criteria
included an OSDI score >13, at least one clinical sign
(fluorescein tear break-up time [FTBUT] <10s, tear osmo-
larity >308 mOsm/L, inter-eye difference =8 mOsm/L, or
positive corneal staining), and evidence of MGD with
a secretion score >4202V Exclusion criteria were as
follows: contact lens use, previous ocular surgery, major
systemic or ocular diseases, active ocular inflammation
or autoimmune conditions (e.g., ocular cicatricial
pemphigoid, and Sjogren’s syndrome), use of glaucoma
medications or other topical eye drops, and Schirmer’s
test results <10 mm. Written informed consent was
obtained from all participants. The study protocol was
approved by the Centro de la Vision Ethics Committee
and adhered to the principles outlined in the Declaration
of Helsinki.

Assessment

The collected data included age, sex, and relevant
medical and ophthalmic histories. All participants
underwent a standardized ocular surface evaluation
protocol, which included OSDI questionnaire, using the
validated Spanish version culturally adapted to the study
population®?; tear osmolarity (TearLab Corporation,
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San Diego, California); average noninvasive tear break-
up time (ni-TBUT); tear meniscus height (TMH); LLT,
subjectively classified by a blinded and experienced
examiner into four categories — normal, mild, moderate,
and severe — using a standardized grading scale (Kera-
tograph 5M; Oculus, Germany)®?; FTBUT; corneal fluo-
rescein staining, graded using the National Eye Institute
Scale®; Schirmer’s test I; and MG secretion evaluation.

Meibomian gland secretion was assessed in the central
eight glands of the lower eyelid. Each gland was graded
on a 0-3 scale according to meibum quality: 0 = clear
Sfluid, 1 = cloudy fluid, 2 = cloudy fluid with particulate
matter, and 3 = thick, toothpaste-like secretion. The total
secretion score was calculated by summing the scores
of all examined glands®®. All tests were conducted in a
fixed sequence, as outlined in Appendix A.

Following recruitment, participants were instructed
to instill PG-HPG nanoemulsion (Systane Complete;
Alcon, Fort Worth, Texas) three times daily for the
duration of the study. They were advised to refrain
from using any eye drops on the day of ocular surface
assessment. No additional lifestyle recommendations or
restrictions were provided.

Sample size calculation and statistical analysis

The primary outcome was symptom improvement,
as measured by the OSDI. Based on pilot data showing
a standard deviation (SD) of 22, a sample size of
25 participants was estimated to detect a 15-point
difference between baseline and final visits, with 90%
power and a two-sided a of 0.05.

Descriptive statistics were used to summarize demo-
graphic and clinical characteristics. For inferential
analyses, only the right eye of each participant was
included to avoid intra-subject correlation. Data
normality was assessed using the Shapiro-Wilk test,
and parametric or nonparametric tests were applied
as appropriate. To complement mean change analyses,
the minimal clinically significant difference (MCID)
for the OSDI was also considered. Based on prior
studies, a >seven-point reduction was defined as the
threshold for clinically meaningful improvement®®.
The proportion of participants achieving this threshold
at the 3-month follow-up was calculated and reported
as an indicator of individual-level treatment response.
Statistical significance was set at p<0.05. All analyses
were performed using Stata version 15.0 (StataCorp,
College Station, Texas).

RESULTS
Demographic characteristics

A total of 33 participants were assessed for eligibility,
and 30 completed the study, were included in the final
analysis, and were deemed eligible for inclusion. The
mean age was 36 + 10 years (range, 18-50 years), and 22
participants (73.3%) were female. Baseline demographic
and clinical characteristics, including ophthalmic and
general comorbidities, are summarized in table 1.

Dry-eye symptom scores

DED symptom scores improved progressively
throughout the follow-up period. The mean OSDI scores
were 43.1 + 20 at baseline, 31.4 + 24 at 1 month, and
25.2 + 17 at 3 months (p=0.009; Figure 1). Moreover,
56.7% of participants achieved the MCID, defined as
a reduction of 7 points or more in the OSDI score, at
Month 3.

Table 1. Demographic characteristics and medical/ophthalmic comorbi-
dities of participants

Sex (women), % (n) 73.3 (22)
Mean age, SD 36 (10)
Comorbidities

Hypertension, % (n) 10 (3)
Depression, % (n) 6.7 (2)
Hypothyroidism, % (n) 13.3 (4)
Allergic rhinitis, % (n) 5.7 (2)
Refractive error, % (n) 43 (13)
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Figure 1. Ocular Surface Disease Index (OSDI) scores at baseline, 1, and
3 months.
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Clinical dry-eye signse

Fluorescein corneal staining scores improved signi-
ficantly, decreasing from a median of 2 (interquartile
range [IQR]=1-3) at baseline to 1 (IQR=0-1) at the
final visit (p=0.002; Figure 2). The FTBUT also increased
significantly, from 3.8 + 2.1 at baseline to 5.8 + 2.2 at
the final follow-up (p=0.002; Figure 3). No significant
changes were observed in Schirmer’s test results or
meibum quality scores during the study period (Table 2).
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Figure 2. Fluorescein corneal staining at baseline, 1, and 3 months.
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Figure 3. Fluorescein tear break-up time (FTBUT) at baseline, 1,and 3 months.

Table 2. Clinical dry-eye signs at baseline and at 3 months

Baseline 3 months  p value
FTBUT, mean (SD) 3.8 (2.1) 5.8 (2.2) 0.002
Fluorescein corneal staining, median 2 (1-3) 1(0-1) 0.002
(1Q range, 25-75)
Schirmer test, mean (SD) 28.3 (8.1) 29.8 (6.5) 0.6
Meibum Quality Score, median 12 (10-16) 11 (9-14) 0.14

(1Q range, 25-75)

FTBUT= fluorescein tear break-up time.
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Noninvasive dry-eye tests

The mean tear osmolarity decreased significantly
from 301 + 8.5 mOsm/L at baseline to 296 + 6.4 mOsm/L
at the final visit (p=0.01). No significant difference was
observed in TMH between the initial and final visits
(0.25 £ 0.1 vs 0.24 + 0.1, p=0.6). The mean ni-TBUT
showed a trend toward improvement (11.3 + 4.7 vs
14.2 + 5.5, p=0.05). LLT quality improved significantly
between baseline and the final visit (p<0.001; Figure 4).

DISCUSSION

This study aimed to evaluate the effectiveness of a
nanoemulsion-based lubricant eye drop containing PG
and HPG in relieving symptoms of DED and improving
ocular surface parameters in patients with EDE over 3
months.

The findings demonstrated significant improvements
in both subjective symptoms and objective clinical
signs of DED, with symptom relief evident after 1
month of treatment and continued improvement
through 3 months. These results are consistent with
prior studies by Yeu et al.” and Silverstein et al.”,
who reported rapid and sustained symptom relief with
PG-HPG nanoemulsion eye drops across different DED
subtypes. Similarly, Pucker et al."” found that PG-HPG
nanoemulsion effectively alleviated contact lens-related
discomfort after 2 weeks of treatment. Craig et al."
reported that symptom improvement plateaued after
the first month and persisted for 6 months. In contrast,
the current study demonstrated continued improvement
up to three months, possibly because our cohort
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Figure 4. Percentage of patients classified according to lipid layer thickness
quality at baseline and 3 months.
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included patients with initially reduced LLT. This group
appears exceptionally responsive to lipid-containing
lubricants927.

Improvements in tear film stability and ocular
surface integrity were observed after the first month
of treatment. Previous studies have shown an increase
in TBUT with lipid-based and nonlipid artificial tears
(18,28). However, lipid-containing formulations appear
to confer longer TBUT, especially after exposure to
environmental stress"?. These findings support the use
of lipid-based eye drops for managing EDE, particularly
in younger populations that are frequently exposed to
environmental stress and prolonged use of VDTs"?.

Corneal fluorescein staining showed consistent
improvement from the first month of treatment, in
agreement with multicenter studies by Yue et al.?
and Nishiwaki-Dantas et al."®. Craig et al."? also
observed gradual improvements in ni-TBUT and corneal
staining, which became evident only after 3 months of
consistent use. These findings suggest that sustained
ocular surface recovery requires prolonged tear film
supplementation%29,

LLT showed significant improvement after 3 months of
using PG-HPG nanoemulsion, corroborating the findings
of Craig et al."?, who reported a similar enhancement
in LLT from day 90 onward. The underlying mechanism
remains uncertain, but the improvement is unlikely to
be solely attributable to transient lipid supplementation.
A comparative study between PG-HPG nanoemulsion
and an aqueous-based tear substitute demonstrated
an increase in LLT 15 min after instillation. However,
this effect was not sustained at 1 h or 1T month, and no
long-term follow-up was performed®”. Likewise, Muntz
et al."® reported short-term LLT enhancement following
PG-HPG nanoemulsion use, but the assessment was
limited to the immediate postinstillation period. The
delayed yet sustained LLT improvement observed
here suggests that regular use may promote long-term
tear film stabilization, potentially through reduced
inflammation and improved MG function®'. This
supports the continuous use of lipid-based lubricants,
rather than intermittent application, to restore ocular
surface homeostasis!'**739,

Several limitations should be acknowledged. The
relatively small sample size may have reduced the sta-
tistical power to detect significant differences in ni-TBUT,
despite an observable improvement trend. Additionally,
the single-arm design precludes direct comparison with a
control group. Nonetheless, as a preliminary investigation,

the study effectively demonstrated the potential efficacy
of the PG-HPG nanoemulsion, showing significant and
consistent improvements in both symptoms and clinical
parameters, including LLT.

The study population, aged 18-50 year, may not
represent the broader DED population, which often
includes older individuals. This criterion was selected
to minimize confounding by age-related ocular surface
changes and polypharmacy, but it limits generalizability.
Similarly, the single-center design may restrict external
validity. Future multicenter trials involving more diverse
populations would strengthen these findings.

Notably, the three-month follow-up — longer than
in most comparable studies — provides valuable insight
into the sustained effects of the nanoemulsion. To the
best of our knowledge, this is the second study to date
suggesting a potential benefit of this formulation on LLT.

In conclusion, PG-HPG nanoemulsion eye drops
were effective in improving both subjective symptoms
and objective clinical signs of DED, including OSDI
scores, corneal staining, FTBUT, and LLT in patients with
EDE over 3 months. The formulation was well tolerated,
with no severe adverse events reported.

The delayed improvement in LLT observed in this
study suggests a potential long-term effect of the lipid-
based formulation. Although the precise mechanism
remains to be elucidated, it may involve progressive
enhancement of MG function and restoration of ocular
surface homeostasis. Further studies incorporating
detailed anatomical assessments of the MGs and
extended follow-up are warranted to confirm these
findings and clarify the underlying mechanisms.
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Appendix A. Study protocol and assessments in each visit

Recruitment Visit 1 Visit 2
Baseline 1 month 3 months
Schedule Day -7 to 0 Day 1 Day 2 Day 30 Day 90 Day 91
OSDI X X X
Demographics X
Medical/Ophthalmic history X
Check eligibility (inclusion/exclusion criteria) X
Informed consent X
Ocular surface parameters
1. Osmolarity X X
2. ni-TBUT X X
3. LLT X X
4. TMH X X
5. FTBUT X X X
6. Corneal fluorescein staining X X X
7. Schirmer’s Test | X X X
8. Meibomian Quality score X X X

FTBUT= fluorescein tear break-up time; LLT= lipid layer thickness; ni-TBUT= noninvasive tear break-up time; OSDI= ocular surface disease index; TMH= tear meniscus height.
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