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Abstract

e AIM: To compare high or low concentration of hyaluronic
acid eye drops (HY) for dry eye syndromes (DES).

e METHODS: Randomized controlled trials (RCTs)
comparing various concentrations of HY were searched in
PubMed, Embase, Web of Science, Cochrane, SinoMed,
CNKI, Wanfang Database, CQVIP, and Chinese journals
databases between inception and July 2023. Pooled
standardized mean differences (SMD) or weighted mean
difference (WMD) with 95% confidence intervals (Cl) from
RCTs evaluating Schirmer’s | test (SIT), corneal fluorescein
staining score (CFS), tear breakup time (TBUT), DES score
(DESS), and Ocular Surface Disease Index (OSDI) were
calculated. Sensitivity analysis, Egger’s test and Meta-
regression analysis were performed for all indicators.

e RESULTS: We conducted a Meta-analysis of 10 RCTs
that met the inclusion criteria, involving 1796 cases. High-
concentrations group significantly improved the outcome
of CFS according to random effects modelling (SMD, -3.37;
95%Cl, -5.25 to -1.48; P=0.0005). The rest of the results
were not statistically significant, including indicators such as
SIT, TBUT, DESS and OSDI.

e CONCLUSION: For dry eyes with positive corneal
staining, a high concentration of HY is recommended,
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whereas in other cases, a high concentration of HY
does not offer a more pronounced advantage over a low
concentration of HY in the treatment of dry eyes.
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INTRODUCTION

ry eye syndrome (DES) is a complex ocular surface

disease that involves multiple factors. According to the
International Dry Eye Workshop, dry eye is characterized by
an imbalance in the tear film and ocular symptoms. However,
due to reduced corneal sensitivity, such patients may also have
tear abnormalities without symptoms. The various factors
contributing to the development of dry eye often overlap
and interact, including tear-film instability, hyperosmolarity,
ocular surface inflammation and damage, and neurosensory
abnormalities'"’. Additionally, dry eyes can harm visual
function and quality of life and impose a significant economic
burden.
Various factors can contribute to the development of dry
eye. Certain diseases, such as diabetes, can lead to damage
in the microvasculature of the lacrimal gland, autonomic
neuropathy, and diabetic sensory neuropathy of the cornea,
all of which can impact the quality and quantity of tears'.
Additionally, chronic graft-versus-host disease accompanied

1 as well as

by conjunctival inflammation and fibrosis”
autoimmune diseases like theumatoid arthritis, systemic lupus
erythematosus, and Sjogren’s syndrome, can also contribute
to dry eye'. Furthermore, impairment of the neural feedback
loop responsible for regulating tear secretion can worsen the
symptoms of ocular surface disease'”. Obstructive meibomian-
gland dysfunction can alter the lipid composition of tears™,
while conjunctival achalasia and eyelid laxity (floppy eyelid

syndrome) may also contribute to the development of dry
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eye”. Certain medications, such as furosemide, propranolol,
candesartan, cetirizine, and ranitidine, have been known to
trigger dry eye!'”. Some topical ocular medications contain
preservatives, such as benzalkonium chloride, that can cause
or worsen dry eye symptoms and signs''". It is imperative
to remain cognizant of other potential instigators for dry
eyes, such as ocular-surface inflammation caused by ocular
disease, infection, or immune-mediated conditions, as well
as environmental exposures such as wind and airborne
particulates'"”, Moreover, sex hormones can exert an impact on
the surface of the eye by modifying goblet-cell density and the
production and quality of tears"”. Any ailment or circumstance
that diminishes the blink rate can intensify the likelihood of
dry eye by inducing tear evaporation, such as Parkinson’s
disease or prolonged screen viewing!*"®.

To effectively manage DES, several therapeutic strategies can
be employed. These strategies include reducing inflammation,
modifying one’s diet and lifestyle choices, and treating any
associated eyelid conditions. In addition, the use of artificial
tear formulations of different viscosities and compositions'"”,
topical lubricants in the form of gels or ointments, diquafosol
tetrasodium ophthalmic solution, and autologous serums
can all improve DES. Among these formulations, sodium
hyaluronate is a frequently utilized artificial tear that can
increase retention time and improve ocular surface hydration
and lubrication, ameliorating DES. Clinical trials have
demonstrated the efficacy of sodium hyaluronate eye drops
as a viable treatment option for DES!"*. With the earliest
clinical trials dating back to 1986"”, hyaluronic acid eye drops
(HY) can be considered an “old hero” in the fight against dry
eye disease. Previous Meta-analyses have demonstrated that
preparations containing HY improve Schirmer’s I test (SIT)
more than non-HY preparations and less improvement in tear
breakup time (TBUT)™”. However, no literature compares
explicitly the effects of HY concentration.

Currently, the concentration of HY ranges from 0.1% to
0.4%, and most clinical trials have shown that the higher
the concentration of HY, the more effective it is. This Meta-
analysis aimed to compare the efficacy of high-concentration
HY versus low-concentration HY preparations in the treatment
of DES and to determine whether there is an advantage
to increasing the concentration from an evidence-based
perspective. No evidence-based research articles were found
at the time of closing this article. In addition, this paper
was registered with PROSPERO under registration number
CRD42023453696.

MATERIALS AND METHODS

Search Strategy Our research team has conducted a
comprehensive search of English and Chinese language
databases, utilizing a variety of search terms on “Hyaluronic

Acid” and “Dry Eye Syndromes”. We have thoroughly
examined PubMed, Embase, Web of Science, and the
Cochrane Database, as well as SinoMed, CNKI, Wanfang
Database, CQVIP, and Chinese Med journals. Our search has
encompassed all pertinent publications from inception to July
2023 without imposing any language restrictions.

Selection Criteria Our review adhered to the PRISMA
guidelines and utilized a predetermined protocol. Our inclusion
criteria consisted solely of randomized controlled trials
(RCTs) conducted on human subjects, focusing on comparing
the efficacy of various concentrations of hyaluronic acid. In
cases where additional interventions were administered (e.g.,
tobramycin dexamethasone eye drops), all groups had to be
identical. Two authors (Ouyang XW, Fang S) independently
confirmed the eligibility of the studies and collated the data
from the qualifying studies. Data extracted by Ouyang XW
and Fang S, both sides check each other out, and the senior
author (Yi YM) is responsible for resolving discrepancies. This
article does not discuss any ethical concerns.

Statistical Analysis The Meta-analyses were performed
using Revman 5.4 and Statal7 Software. Standardised mean
difference (SMD) or weighted mean difference (WMD)
was used for continuous variables, and 95% confidence
intervals (CI) were used to calculate pooled estimates. A
statistically significant P-value was considered to be less than
0.05. Heterogeneity between trials was measured using /°
values, with I* values greater than 50% indicating significant
heterogeneity. The random effects model analyzed all the
results, and sensitivity analysis and Meta-regression methods
were used for the included results. Finally, Egger’s test was
used to determine publication bias, and trim and fill analysis
were employed if publication bias was detected.

RESULTS

Literature Search Results The initial literature search
identified a total of 6039 articles. Following the removal of
2502 duplicates, 3527 articles were excluded based on the
inclusion criteria. The remaining ten studies were retrieved
successfully and were incorporated in the Meta-analysis. Of
these, 8 RCTs reported TBUT results””'*). It is important to
note that since TBUT was the sum of three times in the study

of Calonge et al”"

, we did not include this literature, and since
mild and severe phenotypes were compared in the study of
Zheng and Zhao", we collected two sets of data from this
study. Three RCTs”"***" reported Ocular Surface Disease
Index (OSDI) results, and two sets of data were reported by
type in the Zheng and Zhao’s study™. Four RCTs?"***%%
reported SIT results, while 4 RCTs***** reported DES score
(DESS) results. Five RCTs”******" reported corneal fluorescein
staining score (CFS) results. Figure 1 summarizes the study

selection process.
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Figure 1 Selection process for the study.

Characteristics of Studies This review encompasses ten
studies conducted between 2014 and 2023, which investigate
the effects of various interventions on individuals with DES.
The study population is diverse, including postoperative
cataract surgery, laser in situ keratomileus surgery (LASIK),
and non-surgical cases. Study participants exhibit varying
degrees of severity of DES and are followed up for a
period ranging from 4 to 12wk. The concentration of HY
administered across these studies ranges from 0.1% to 0.3%. In
addition, 5 of the articles include other interventions, such as
antiphlogosis eye drops, and these interventions are consistent
across all groups. Table 1 provides a summary of crucial study
characteristics.

Risk of Bias Assessment Figure 2 shows the results of the risk
of bias assessment for the 10 RCTs for which Meta-analysis
was subsequently performed. Among the 10 studies, 6 RCTs
reported appropriate random sequence generation, and 7 RCTs
did not detail allocation concealment or blinding methods.
No biases related to attrition or other aspects were detected
in any of the studies. One RCT found a high risk of selection
bias, and another identified a high risk of reporting bias. All
studies featured in the Meta-analysis underwent assessment of
potential bias employing the Cochrane Risk of Bias tool™"..
Meta-Analysis Results

Baseline data Upon analysis of the baseline data of age,
SIT, TBUT, DESS, CFS, and OSDI, it observes that none
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Table 1 Summary of crucial study characteristics

OsDI

CFS

TBUT DESS

SIT

Concentration Other interventions®
of HY

Severity of DES of
subject

Follow up
duration

Age,
(mean+SD, y)

Population

Period

Study Location

No.

Yes® No No Yes

Yes

Moderate to severe 0.18% vs 0.3%’ None

5-12wk

Non-surgical 55.7+12.4

Calonge et a/*" Spain 2023

1

0.1%vs 0.3%  Tobradex+pranopulin No Yes Yes Yes No

Unspecified

4wk

Postoperative cataract surgery  51-78 (range)

2014-2015

Hong and Chen®™  China

2

Yes Yes Yes No

Yes

68.63+5.93 1mo Unspecified 0.1%vs 0.3%  Tobradex+pranopulin

Postoperative cataract surgery

China 2015-2016

Jin and Dang®

Yes No Yes Yes

No

46.1+14.3 4-8wk Moderate to severe 0.15% vs 0.3% None

Non-surgical

2022

Korean

Jun et al®

Yes No No No

Yes

0.1% vs 0.3% Tobradex

72.4+8.7 4-6wk Non-DES

Postoperative cataract surgery

2017-2018

Greece

Ntonti et a/*

Yes Yes Yes No

Yes

66.12+1.14 1mo Unspecified 0.1%vs 0.3%  Tobradex+pranopulin

Postoperative cataract surgery

China 2016-2017

Song™®

Yes No No No

No

25.11+1.21 1mo Unspecified 0.1% vs 0.3% None

Post-LASIK

China 2020-2021

Yin and Kong®”

Yes® No No Yes®

No

Mild and severe 0.1% vs 0.3% None

1-3mo

24.1+5.0

Post-LASIK

2016-2017

Zheng and Zhao™  China

8

Yes No No

No

Unspecified 0.1%vs 0.3%  Tobradex+pranopulin No

1mo

Postoperative cataract surgery 64.57+4.35

2018

China

Jing®!

No No Yes No

No

0.1% vs 0.3% None

Unspecified

mo

1

Postoperative cataract surgery 5614.6

Yang®” China 2017

10

HY: Hyaluronic acid eye drops; SIT: Schirmer’s | test; TBUT: Tear break-up time; DESS: Dry eye symptom score; CFS: Corneal fluorescein staining score; OSDI: Ocular Surface Disease Index; LASIK: Laser in

situ keratomileus surgery; DES: Dry eye syndrome; Tobradex: Tobramycin dexamethasone eye drops. *Hyaluronic acid 0.30% ocular gel; "Drugs were the same in each group in the single study; “Sum of 3

d-
measurements; “Two groups of cases were collected.
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Figure 2 The results of the risk of bias assessment.

of the outcomes were statistically significant. In addition, in
the analysis of heterogeneity, the value of age was 53%, and
the rest of the results were less than 50%, with little overall
heterogeneity (Figure 3).

Schirmer’s I Test Based on the analysis conducted
through random-effects modeling, there was no significant
improvement in SIT outcome within the high-concentration
group compared to those using low-concentration preparations.
The WMD was calculated to be 0.57, with a 95%CI of -0.15
to 1.29, and the data did not achieve statistical significance
(P=0.12). There was significant overall heterogeneity with
an I’ value of 80%. Moreover, Egger’s test did not indicate
publication bias (P=0.795; Figure 4).

Tear Breakup Time The analysis shows no substantial
variation in the TBUT outcome between the high-
concentration group and the low-concentration group. The
random-effects modeling showed the WMD was calculated to
be 0.98, with a 95%CI of -1.09 to 3.04, and the results did not
reach statistical significance (P=0.35). There was significant
overall heterogeneity with an I* value of 98%. Egger’s test
demonstrated significant asymmetry (P=0.045), while the
trim and fill analysis did not have any impact on the results,
indicating stable TBUT outcomes (Figure 5).

Dry Eye Symptoms Score The results of the analysis using
random-effects modeling indicate that the high-concentration

group did not demonstrate any significant improvement in

- Low risk of bias |:| Unclear risk of bias . High risk of bias
9
N < o Z o I 3
o <« ® O 98 <« & . 9 3
=3 = 3 =1 3 c =) 3 3 «Q
« > «Q «Q (=4 3 «Q 3 «Q (0]
N N N N N N N N N N
o o o o o o o o o o
- N Py pe pq N e pe a2 N
(o] N © oo} © N © © o w
@~~~ @ @~ |®|@ | ® |Random sequence generation (selection bias)
ECNN IEUNN RECHN PN . ' W |~ . ‘ Allocation concealment (selection bias)
ECON P IS PO PN . ECNN IS PN . Blinding of participants and personnel (performance bias)
W[ ‘ N EEU IR . Blinding of outcome assessment (detection bias)
@O~ ~O O @ ~|®|@® |ncomplete outcome data (attrition bias)
® ~ 0 ® G @ ~|@®| ~ @ |selectie reporting (reporting bias)
. ECNN U ) . . NN EECNN EN) . Other bias

DESS outcome when compared to the low-concentration
preparations. The SMD was calculated to be -1.50 with a
95%CI ranging from -3.20 to 0.19, and the results did not reach
statistical significance (P=0.08), the overall heterogeneity
was found to be significant (’=98%). Egger’s regression test
analysis revealed no evidence of publication bias (P=0.148;
Figure 6).

Corneal Fluorescein Staining Score Random-effects
modeling demonstrated that individuals in the high-concentration
group experienced a notable improvement in CFS outcome
compared to those utilizing low-concentration preparations.
The SMD was determined to be -3.37 with a 95%CI of -5.52 to
-1.48, and the results were statistically significant (P=0.0005),
the significant overall heterogeneity with an /> value of 98%.
Egger’s regression test showed significant asymmetry with
statistical significance (P=0.000). However, after implementing
the trim and fill method, it was determined that the combined
results did not change direction. The P value before and after
cutting and filling was 0, indicating robust results (Figure 7).
Ocular Surface Disease Index The analysis results reveal
that there is no significant variation in OSDI outcome
between high-concentration and low-concentration groups
as per the random-effects model. The SMD stands at -0.24
with a 95%CI of -0.75 to 0.27 and the results did not attain
statistical significance (P=0.36). The overall heterogeneity was
significant, with a value of 64%. Moreover, Egger’s regression
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AGE. High concentration  Low concentration Mean Difference
Calonge 2023 557 124 35 578 109 35 18%  -210(7.57,337]
i 6863 593 28 6895 598 28 50%  -0.32(-3.44,280]
Jing 2019 6457 435 56 6493 426 56 134%  -0.36[1.95123
Jun 2022 461 143 25 441 121 27 14%  200[523,9.23]
Ntonti 2019 724 87 90 729 78 90 76%  -050(-291,1.91
Song 2018 6612 114 45 6621 124 45 292%  -0.09[-0.58,040]
Yang 2019 56 46 25 52 55 25 59%  400[1.19,681]
Yin 2022 2511 121 50 2447 112 50 207%  0.94[048,140]
Zheng 2018 (Mild type) 227 47 15 243 68 15 30%  -160[-578,258]
Zheng 2018 (Severe type) 252 37 15 243 68 15 33% 0903024582
Total (95% CI) 386 100.0%  0.35[-0.40,1.11]

Heterogeneity: Tau® = 0.45; Chi* = 18.97, df = 9 (P = 0.03); I = 53%
Test for overall effect: Z = 0.92 (P = 0.36)

SIT High concentration Low concentration Mean Difference

Calonge 2023 13 96 3 123 112 35 01%  -1.00[-589,3.89
Jin 2018 1.37 1 28 1114 086 28 11.0%  023[-026,0.72]
Ntonti 2019 11.93 36 90 1164 343 90 25% 0.29[-0.74,1.32]
Song 2018 81 021 45 805 056 45 86.3% 0.05[-0.12,0.22]
Total (95% CI) 198 198 100.0% 0.07 [-0.09, 0.24]

Heterogeneity: Tau® = 0.00; Chi* = 0.82, df =3 (P = 0.84); I*= 0%
Test for overall effect: Z = 0.90 (P = 0.37)

TBUT High concentration  Low concentration

Hong 2016 322 123 29 316 132 29 22%
Jin 2018 109 113 28 1127 107 28 29%
Jun 2022 52 21 25 45 2 21 08%
Ntonti 2019 1192 692 90 1151 708 90 02%
Song 2018 49 019 45 492 029 45 935%
Yin 2022 131 501 50 1172 471 50 03%
Zheng 2018 (Mild type) 1441 504 15 1387 55 15 04%
Zheng 2018 (Severetype) 1218 37 15 1389 703 15 0.1%
Total (95% C) 207 299 100.0%
Heterogeneity: Tau* = 0.00; Chi* = 3.72,df =7 (P = 0.81); = 0%

Test for overall effect: Z = 0.43 (P = 0.66)

DESS High concentration  Low concentration

Hong 2016 563 068 29 576 062 29 183%

Jin 2018 064 056 28 064 057 28 17.8%

Jing 2019 565 063 56 574 061 56 354%
Song 2018 515 021 45 516 032 45 285%
Total (95% C) 158 158 100.0%
Heterogeneity: Tau® = 0.00; Chi? = 0.42, df = 3 (P = 0.94); 1= 0%

Test for overall effect: Z = 0.87 (P = 0.39)

CFs High concentration  Low concentration

Calonge 2023 537 129 35 549 147 35 187%
Hong 2016 497 098 29 503 112 29 155%

Jin 2018 061 057 28 061 05 28 150%

Jun 2022 21 13 25 32 24 27 134%
Song 2018 582 019 45 58 045 45 241%
Yang 2019 487 108 25 513 114 25 133%
Total (95% Cl) 187 189 100.0%

Heterogeneity: Tau? = 0.00; Chiz = 4.01, df = 5 (P = 0.55); 2= 0%
Test for overall effect: Z = 1.00 (P = 0.32)

ospl High concentration  Low concentration

i
Calonge 2023 3754 1479 35 4003 1787 35 354%
Jun 2022 519 173 25 519 169 27 286%
Zheng 2018 (Mid type) 474 489 15 638 269 15 182%
Zheng 2018 (Severetype) 869 483 15 563 564 15 17.8%
Total (95% CI) 90 92 1000%

Heterogeneity: Tau? = 0.03; Chi* = 3,84, df =3 (P = 0.28); = 22%
Test for overall effect: Z = 0.15 (P = 0.88)

Figure 3 Forest plot results for each baseline data.

High concentration  Low concentration Mean Difference Mean Difference
StudyorSubgroup Mean  SD Total Mean SD Total Weight IV.Random.95%Cl IV, Random, 95% Cl
+ Calonge 2023 137 96 3% 13 10 35 23% 070[389,529)
Jin2018 126 069 28 112 08 28 371%  004[0.36,044) +*
Ntonti 2019 1421 361 90 1354 39 90 23%  067[043,177) e
Song 2018 1052 072 45 951 065 45 393%  101[073,129) L
Total (95% CI) 198 198 100.0%  0.57[-0.15,1.29] &

ity Tau? = 0.33: Chiz= =3(P=0.002); 2= 80¢ j J > s
Heterogeneity: Tau? = 0.33; Chi* = 15.05, df = 3 (P = 0.002); *= 80% 4 2 0 2 4

Testoroveral ffect: 2= 1.35(P=0.2) Favours [High concentration] - Favours [Low concentration]

® Study

regression line
F—— 95%CI for intercept °

SND of effect estimate
=20 2

] 2 4 6 8

Precision

Figure 4 Forest plot and Egger’s test of Schirmer’s | test.

test demonstrated no publication bias (P=0.857). According to
region, Meta-regression analysis did not identify the source of
heterogeneity (Figure 8).

Sensitivity Analysis and Meta-regression We performed
sensitivity analyses to analyze the heterogeneity factors. The
results were all between the upper and lower limits of the
CI, and the conclusions were relatively stable. Only the SIT
result showed a significant rightward shift in the CI (Figure 9).
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Further, we performed Meta-regression and did not find the
source of heterogeneity (Figure 10).

DISCUSSION

It is widely recognized that DES arises from reduced tear
secretion or increased tear evaporation, leading to conditions
such as aqueous-deficient dry eye and evaporative dry eye™. HY
is increasingly being used in patients with all types of dry eye
due to its excellent hydrating and lubricating capabilities. A
prior Meta-analysis demonstrated a noteworthy enhancement
in the SIT test score subsequent to using HY eye drops when
compared to non-HY treatment””. However, no statistically
significant results were observed, including for TBUT and
OSDI™, and there were no comparison of the impact of
changes in concentration on dry eye symptoms. This study
mainly compared the effect of high concentration of HY
(0.3%) and low concentration of HY (0.1%, 0.15%, 0.18%) in
treating dry eye patients, including SIT, TBUT, CFS, DESS,
and OSDI results, whereas none of the previous Meta-analyses
compared the effect of high and low concentrations of HY eye
drops on dry eye.

Generally, low-concentration of HY is suggested for mild
DES, and high-concentration of HY is advised for severe
DES. This article provides some evidence of the superiority
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Low concentration
Mean SD__Total Weight

High concentration

Study or Mean SD__Total

Mean Difference
IV, Random, 95% Cl

Mean Difference
IV, Random, 95% C1

10.18 164 29 13.9%
1098 1.03 14.1%
27 5 22 13.6%
12.52 11.4%

6.47 14.2%
12.26 12.8%
10.1%

9.8%

Hong 2016
Jin 2018
Jun 2022

10.48
11.07
59

151
0.69

23
874
0.19
447
5.03
6.04

Ntonti 2019
Song 2018

Yin 2022

Zheng 2018 (Mild type)
Zheng 2018 (Severe type)

14.62
10.71
15.01
125
86

973
0.08
5.02
4.76
4.15

15
10.07
Total (95% CI) 299 100.0%
Heterogeneity: Tau? = 7.80; Chi? = 449.41, df = 7 (P < 0.00001); I = 98%

Test for overall effect: Z = 0.93 (P = 0.35)
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Figure 6 Forest plot and Egger’s test of dry eye symptom score.

of high-concentration HY in the treatment of DES. The
CFS significantly decreased in the high-concentration group
compared to the low-concentration group (SMD -3.37; 95%CI
-5.25, -1.48) with high heterogeneity (I'=98%, P<0.00001).
Similarly, relevant animal studies demonstrating significantly
lower CFS in the higher concentration HY group compared
to the lower concentration groups”’. However, none of the
other results we analyzed were statistically significant, but
through forest plots of DESS and OSDI we found that high
concentration group is favoured. We initially thought that
a higher concentration of HY would be more beneficial.
Although some academics have argued that characterizing low
concentration of HY as sufficient for mild cases of dry eyes,
while higher concentration are better suited to severe instances,
this argument is inaccurate®**"),

The SIT, which quantifies tear production, is a prevalent
diagnostic technique in DES”". The SIT did not yield any
statistically significant difference between the high and low
concentration groups (WMD 0.57; 95%CI: 0.15, 1.29) as

well as high heterogeneity (I’=80%, P=0.002). We identified
the study conducted by Jin and Dang™”, which seemed to be
responsible for the observed heterogeneity. By excluding this
study, the heterogeneity was reduced to 0 (7°=0) and significant
changes were observed (P<0.00001). However, the Meta-
regression analysis did not reveal the source of heterogeneity.
For one thing, this may have to do with the limitations of
testing. The absence of standardised placement of paper strips,
along with uneven absorption upon tearing, the imprecise
correlation between liquid absorption and humidification
length of the strip, and the deficiency of standardised
assessment methods all contribute to low reproducibility,
sensitivity, and specificity of SIT. This may lead to inaccurate
results™. On the other hand, clinicians often rely on the SIT
to determine whether the eye is aqueous-deficient dry eye.
Since none of the studies we included differentiated between
aqueous-deficient dry eye and evaporative dry eye and HY
does not belong to the class of medications that promote tear
secretion, it is not unlikely that the SIT is not statistically
significant. Although some researchers have argued that the
SIT is not sensitive enough to be useful as a tool for patients
with non-severe DES™. Nevertheless, the SIT continues to be
used as a standard diagnostic tool for DES monitoring.

Like the SIT, TBUT results were also statistically insignificant
(P=0.35) and demonstrated high heterogeneity (’=98%), but
sensitivity analysis showed that the results were stable. TBUT
mainly evaluates the tear film in cases of evaporative DES"".
A previous Meta-analysis demonstrated a lesser improvement
in TBUT following the use of a hyaluronan-based treatment*”,
From the results of the current study, the increase in HY
concentration also did not improve TBUT. It may be due to
the instability of the tear film itself. False tear film rupture
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Figure 8 Forest plot and Egger’s test of ocular surface disease index.

may occur as a result of lipid layer diffusion and absorption
into the mucus-water interface or due to the rupture of the
least strong region of the mucus layer®’. Simultaneously,
the test has no standardized procedure for the application of
fluorescein, which can lead to inaccurate results. Although it
has been labeled inaccurate and non-reproducible®”), it is still
recommended to be routinely assessed in clinical practice by
measuring TBUT™",

Both DESS and OSDI reflect the eye’s subjective perception,
and the scores are largely limited by the patient’s tolerance
and corneal sensitivity. It is established that such subjective
test yields more dependable and replicable outcomes than
alternative objective measures'*”. Although neither metric
was statistically significant, the forest plot favoured the higher
concentration group, so we think it still proves the advantage
of the higher concentration group. However, corneal nerve
damage resulting from prolonged DES is a well-established
phenomenon. This can lead to reduced corneal sensitivity,

which may obscure symptoms of discomfort within the
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eye'”’). At the same time, the selection of rating scales was not
standardized, and the degree of dry eye in the study population
was different. All of these factors affect the accuracy of the
final scoring results. Further, Egger’s regression test revealed
no evidence of publication bias, and Meta-regression analyses
failed to identify the origin of heterogeneity, thus indicating
relatively dependable outcomes.

Combining the above results, this is probably related to the
physicochemical properties of HY. Inflammation has been
identified as the pathogenic mechanism of dry eye disease'™.
High molecular weight hyaluronic acid is an anti-inflammatory
mediator, while low molecular weight hyaluronic acid is
49-51

a pro-inflammatory mediator'™"". Therefore, HY plays an
important role in patients with moderate or severe dry eye
and superficial keratitis, especially in patients with dry eye
accompanied by inflammation””. The impact of HY on DES
treatment is attributable to diverse mechanisms of action,
including stabilizing the ocular surface barrier and tear film,

53 . .
3 increasing cell

55]
b

reducing mechanical damage of the cornea

B9 and promoting cellular migration!

[56

adhesion and motility
and reducing tear evaporation”®. Hence the choice of treating
dry eye with HY preparations.

However, raising the concentration of HY alone may not
provide the anticipated benefits. Due to variations in molecular
weight and polydispersity index among the HY formulations
utilized, as well as other physico-chemical characteristics,
which can have a notable influence on the overall viscosity
and clinical applications of HY"". HY solutions are commonly
prescribed as the major treatment for moderate to severe
DES in clinical practice, due to their anti-inflammatory and
immunomodulatory properties”", but the effect varies from
person to person. As a result, drug companies attempt to

improve the efficacy of HY by increasing the concentration
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Figure 10 Meta-regression of each result.

and improving the ratio, and of course this behaviour is
beneficial.

The study’s primary limitation concerns the heterogeneity of
the included studies. Differences in research design between
studies (random assignment method and blind method),
characteristics of subjects (differences in age, follow-
up period, region, requires surgery, other intervention) in
particular severity of DES, and whether hyaluronic acid
contains preservatives are not clearly stated in the vast

majority of literature. The original study also did not specify
when the test was performed (how long after the eye drops
were administered). These factors could have influenced the
outcomes of this research. Based on it. First, Table 1 provides
a detailed overview of the critical characteristics of each study
to enhance the contextualization of our findings. Second, we
tried to find points of difference (region, other interventions)
in the literature for each outcome, looking for sources of
heterogeneity through Meta-regression. Finally, we chose a
follow-up period of 4-5wk for all included studies to minimize
the effect of this factor. Because the one with a 5-week follow-
up was a high-quality study, we did not exclude it.

This review analyzed ten clinical trials that compared the
effectiveness of various concentrations of HY. The Meta-
analysis demonstrated that high concentrations of HY were
more effective in improving CFS than low concentrations.
However, they were found to be ineffective in improving other
indicators, particularly SIT and TBUT. Although the high
concentration group showed some benefits in DESS and OSDI,
which may enhance the subjective experience of patients, it
was not statistically significant. Therefore, it is advisable to
use higher concentrations of HY for the treatment of dry eye
with corneal staining. The main limitation of this study is the
inter-study heterogeneity, which suggests that a prominent
human RCT with a standardized protocol is needed to properly
assess the relative efficacy of high-concentration versus low-
concentration artificial tear preparations.
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