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Abstract

Background: Gas permeable (GP) contact lenses are widely used for vision correction, but their long-term effects on the corneal endothelium
remain uncertain. This systematic review and meta-analysis aimed to evaluate the impact of GP lens wear on Central Corneal Thickness (CCT),
Corneal Auto-fluorescence (CAF), and Endothelial Permeability (EP).

Methods: A systematic search of PubMed, Scopus, Web of Science, and Cochrane Library identified cohort and case-control studies reporting
CCT, CAF and EP individuals wearing GP lenses for over six months. Two reviewers independently extracted data, and the Newcastle-Ottawa Scale
was used to assess bias risk. A random-effects model meta-analysis calculated pooled estimates of GP lenses’ effects on endothelial parameters.

Results: The pooled effect size for CCT was 41.365 (95% CI: -502.402 to 585.133), with a non-significant p-value of 0.511 and high heterogeneity
(12 =95.79%). For CAF, the pooled effect size was 0.374 (95% CI: -3.342 to 4.089), with a non-significant p-value of 0.423 and moderate heterogeneity
(12 = 51.04%). The pooled effect size for EP was 0.901 (95% Cl: -5.796 to 7.597), with a non-significant p-value of 0.337 and high heterogeneity (I*

= 84.03%).

Conclusion: No significant long-term effects of GPCLs were found on CCT, CAF, or EP. However, substantial heterogeneity across studies suggests
variability in study design, populations, and measurement methods. Further large-scale, standardized research is needed to confirm these findings.
Keywords: Gas permeable contact lenses; Central corneal thickness; Corneal autofluorescence; Endothelial permeability; Systematic review;
Meta-analysis

Introduction
term durability to traditional soft contact lenses [1]. Prescription of

) -Gas permt.aablg (GP) co;tact len-zes (CL) .funcltlo-n Wldgli’ for GP contact lenses made from rigid but oxygen-permeable materials
vision correction because they provide superior clarity and long- occurs frequently to treat patients with refractive errors and
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keratoconus as well as abnormal corneal structures according to
[2]. Despite being generally tolerated by user’s scientists continue
to investigate potential negative effects of wearing these lenses on
corneal health. The evaluation of corneal parameter changes from
regular GP CL use becomes necessary since corneal structural
modifications can trigger dryness and pain and visual impairment

[3].

The three main corneal health markers are the central corneal
thickness (CCT) and corneal auto-fluorescence (CAF) together with
endothelial permeability (EP). CCT evaluation stands essential
in determining corneal health especially when doctors perform
Laser-Assised in Situ keratomileusis (LASIK) surgery [4]. Corneal
thickness serves as a major predictor of glaucoma development
together with other conditions [5]. Changes in CCT measurements
allow doctors to detect thinning of the cornea as well as swelling
or fluid accumulation which degrade vision quality. Corneal Auto-
fluorescence (CAF) produces information about the corneal stroma
and endothelium health through metabolic assessment [6]. The
measurement of CAF plays an essential role in detecting oxidative
stress because this change indicates potential barriers to corneal
healing while worsening both infection and inflammation [7].
The non-invasive CAF measurement allows long-term evaluation
of contact lens impact on corneal health by monitoring corneal
tissue metabolic evolution [8]. The endothelium controls fluid
flow in and out of the cornea through its responsible function for
keeping tissue transparency while preserving visual performance
[9]. Both prolonged contact lens use especially GP CL tend to alter
endothelial cellular function resulting in permeability adjustments
and potentially raising the danger of endothelial cell elimination or
deterioration which deteriorates vision [10].

Expertopinions about GP CL's prolonged influence on measuring
CCT, CAF, and EP remain fragmentarily confirmed. Prolonged GPCL
use shows evidence of lowering CCT according although this change
represents corneal thinning [11]. The extended use of GPCL does
not produce noticeable changes in CCT according to [12] and might
suggest minimal impact on corneal thickness [13]. Observations of
CAF modifications indicate problems with normal corneal stromal
metabolic physiology that pose risks for increased inflammation
alongside edema [14]. EP demonstrates variations when people
utilize GPCLs for lengthy periods because the lens-contact with
corneal surfaces might change endothelial cell permeability [15].

The research available indicates that GP CLs affect these
corneal parameters however studies about their long-term effects
remain debatable. Evidence indicates both major and minimal
changes in CCT and CAF and EP results from exposure to GPCLs
according to [16]. The goal of this systematic review with meta-
analysis is to synthesize data regarding the influence of extensive
GP CL utilization on CCT, CAF and EP by employing a comprehensive
approach to handle inconsistencies across research studies.
This research intends to establish if extended GP CL use brings
substantial effects to corneal parameters while determining what
elements contribute to outcome variation. The evaluation of GP CL
effects on corneal health remains vital to develop proper clinical
practices that benefit GP CL users during extensive lens utilization
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periods. Contact lens usage continues to grow worldwide so it
becomes essential for healthcare professionals to study both
positive and negative effects these lenses have on corneal health in
extended contact lens wearers.

Methodology

The authors performed a systematic review with meta-analysis
to assess the extended influence of GP contactlenses on CCT and CAF
and EP. This research strictly followed Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines to
make the research process transparent and reproducible [17].

Eligibility Criteria

Studies necessary for inclusion in this systematic review
with meta-analysis evaluation needed to fulfill three specific
requirements.

1.  Security protocols in this research are based on
observational studies exploring the persistent contact lens
impact (6 months minimum continuous wear) on CCT, CAF, and
EP.

2.  The studies enrolled participants who used GP contact
lenses to correct vision regardless of their refractive errors
status and individuals with keratoconus and irregular corneal
structures.

3. The studies included data about at least one of the
examined corneal measurements which included CCT as
well as CAF and EP. Different techniques served to evaluate

these parameters including ultrasound pachymetry for

CCT assessment and autofluorescence imaging for CAF
measurement while EP relied on specular microscopy.

4.  All research papers must follow English as their written
language for eligibility.

Studies were excluded if:

1. The research reports failed to demonstrate both the
pre-usage measurements and the post-usage assessments of
corneal parameters.

2. The studied lens material or technological platform did
not include permeable gas components.

3. The study Duration was less than 6 months which
qualified these participants for short-term wear.

4.  Storing studies containing less than ten participants was
avoided due to insufficient statistical power issues.

Information Sources

The research incorporated complete database queries within
three electronic platforms:

D PubMed
D Embase

o Scopus
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. Cochrane Library

The research focused on articles from January 2000 up until
December 2024. The research utilization employed both keywords
and Medical Subject Headings (MeSH) terms that incorporated “gas

permeable contact lenses,” “corneal thickness,
“endothelial permeability,” and “long-term effects.”

autofluorescence,”

The search term set consisted of terms like “gas permeable
lenses” combined with “long-term corneal effects,” “central corneal
thickness” as well as “corneal autofluorescence” and “endothelial
permeability” together with their various synonyms. Two co-
reviewers (Author 1 and Author 2) conducted a manual check of
references from included studies together with their search of

relevant articles.
Data Extraction

The data extraction process happened independently through
two reviewers (Author 1 and Author 2) who used a standardized
form. Two reviewers (Author 1 and Author 2) managed
inconsistencies by agreeing through discussions or by obtaining
insights from the third reviewer (Author 3). The following data
were collected:

The paper compiled study information such as first author and
publication date along with design approach and sample statistics
and location data and follow-up times.

Participant characteristics included their age combined with
gender makeup along with diagnosis of keratoconus and initial
corneal measurements taken before study start.

The investigators evaluated effect sizes through mean

differences or standardized mean differences as well as confidence
intervals and statistical significance levels for CCT, CAF, and EP
before and after GPCL installation.

Quality Assessment

Based on the Newcastle Ottawa Scale (NOS) assessment, all
three included studies demonstrate moderate methodological
quality [18-19], with some variation in specific domains. Chang, et al.
(2000, Taiwan) scored 5 out of 9, showing strong performance in the
selection domain with 3 out of 4 stars, indicating a well-defined and
representative sample. However, the study received only 1 star for
comparability, suggesting limited control for confounding variables,
and 1 star for exposure, indicating that the method of exposure
assessment or follow-up may not have been thoroughly detailed
or validated. Similarly, Ahmad, et al. (2018, Malaysia) also scored
5 out of 9. Like Chang et al., this study performed well in selecting
study subjects but lacked in-depth adjustment for confounders and
had potential limitations in exposure ascertainment. In contrast,
Carlson, et al. (1988, USA) achieved a slightly higher score of 6 out
of 9. It also received 3 stars in the selection domain and 1 star in
comparability, but stood out by earning 2 stars in the exposure
category, indicating a more robust method of assessing or verifying
exposure compared to the other two studies. Overall, all three
studies fall within the moderate quality range, with consistent
strengths in participant selection. However, they exhibit shared
weaknesses in addressing potential confounders and providing
comprehensive exposure data. These methodological limitations
should be considered when interpreting the findings and drawing
conclusions from these studies in a systematic review or meta-
analysis (Table 1).

Table 1a: Quality assessment of Observational studies using the Newcastle-Ottawa Scale (NOS).

Chang, et al. june 2000 (Taiwan) ok * * 5
Carlson, et al. Feb 1988 (USA) ok * o 6
Ahmad, et al. 2018 (Malysia) ok * * 5

Data Synthesis chance effects [18]. The Q-test for heterogeneity was employed

The random-effects model analysis served to handle both
including within-study variability and between-study variability
according to [20]. Standardized mean differences (SMD) served
as the metric to calculate pooled effect sizes throughout studies
despite their utilization of different measurement scales for
continuous variables. The recorded data analysis selected the most
extended available follow-up duration as the primary source for
this evaluation.

The I? statistics provided an assessment of result heterogeneity
as it represents the percentage of total study variability beyond

to determine if the observed study differences exceeded random
chance variations. The results from the Q-test demonstrated
significant heterogeneity between studies when p value reached
below 0.05.

The research plans included subgroup analyses for identifying
heterogeneity origins through population traits including study
type and subject demographics (such as age and refractive error)
and material properties. Establishing sensitivity trends involved
omitting biased research and small study groups to evaluate their
effect on primary conclusions.
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Table 1b: Baseline Characteristics of Gas Permeable Contact Lens (GPCL) Wearers and Controls Across Included Studies.

GP Lens wearer(N) Mean+ SD | Controls (N) Mean+ SD | GP Lens wearer Mean+ SD Controls Mean+ SD
(34) (116)
Chang, et al. june 2000 (Taiwan) 3.3+1.1 N/A
23.8+4.2 23.6+2.9
(10) (40)
Carlson, et al. Feb 1988 (USA) N/A N/A
26.3+5.2 29.1+11
(24) (24)
Ahmad, et al. 2018 (Malysia) 4.2+1.2 N/A
21.46+0.83 21.04+1.63

Table 1 summarizes the baseline demographic data, including
mean age and duration of gas permeable contact lens wear, for both
GP lens wearers and control groups from the included studies. Mean
age is reported in years with standard deviation (Mean * SD) for
all groups, while the duration of contact lens wear is only reported
for GP lens wearers where available. Notably, some studies did not
provide data for certain variables (marked as N/A). These baseline
characteristics help in understanding the comparability of groups
across studies and assessing potential sources of bias.

Publication Bias

The analysis checked for publication bias through visual
evaluation of funnel plots in combination with the results from
Egger’s test [21]. The assessment of publication bias depended

on two factors: visual inspection of funnel plot asymmetry and
statistical results from Egger’s test.

Statistical Software

Statistical analysis occurred through CMA version 3 and R
version 4.0.3. The research used a p < 0.05 significance level during
all statistical tests.

Ethical Considerations

This systematic review performed an analysis on existing
literature so it did not necessitate any ethical approval. Every study
within the analysis received proper ethical clearance from Center
for Postgraduates studies at Lincoln university College, Malaysia
and from principle and co-supervisor.

Table 1c: Pooled Effect Size and Heterogeneity Measures for Central Corneal Thickness in Gas Permeable Contact Lens Wearers.

41.365 -502.402 585.133

1754.3

0.511 95.79 41.88

Results

We performed meta-analyses on three corneal parameters:
CCT, CAF and EP. Below are the findings based on random-effects
models using the Restricted Maximum Likelihood (REML) method.

Table 1 presents the pooled effect estimate and heterogeneity
statistics for CCT in individuals wearing GP CLs, based on a random-
effects meta-analysis. The pooled effect size was 41.365, with a
95% confidence interval (CI) ranging from -502.402 to 585.133,

indicatingawiderange and lack of statistical significance (p=0.511).
The high 1? value of 95.79% reflects substantial heterogeneity
among the included studies, suggesting considerable variability
in study outcomes. The between-study standard deviation (t) was
41.88, and the between-study variance (t%) was 1754.30, further
confirming the presence of substantial variability across studies.
These findings indicate that while no significant change in CCT is
associated with GP CL wear, the results should be interpreted with
caution due to the high heterogeneity (Figure 1).

Table 2: Meta-Analysis Summary for Corneal Autofluorescence in Gas Permeable Contact Lens Wearers.

0.374 -3.342 4.089

0.423

51.04

0.302 0.091

Table 2 summarizes the meta-analysis results evaluating
the effect of gas permeable contact lens GP CL wear on CAF. The
pooled effect estimate was 0.374, with a 95% confidence interval

(CI) ranging from -3.342 to 4.089, and a p-value of 0.423, indicat-
ing a non-significant difference in CAF between GP CL wearers and
controls. The I? value of 51.04% suggests moderate heterogeneity
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among the included studies. The between-study standard deviation
(t) was 0.302, and the variance (t%) was 0.091, indicating a moder-
ate level of variability in effect sizes across studies. Overall, these

findings suggest that GP CL wear does not significantly affect CAF,
though some inconsistency among study results is present (Figure
2).

( R
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tau = 41,88 [29.56, 132.45]
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Figure 1: Forest Plot for Central Corneal Thickness (CCT).
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Figure 2: Forest Plot for Corneal Autofluorescence.
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Table 3 presents the meta-analysis findings assessing the
impact of gas permeable contact lens GP CL wear on EP. The pooled
effect estimate was 0.901, with a 95% confidence interval (CI)
ranging from -5.796 to 7.597, and a p-value of 0.337, indicating no
statistically significant difference in EP between GPCL wearers and
controls. The analysis showed high heterogeneity (1> = 84.03%),
reflecting substantial variability across included studies. The

between-study standard deviation (t) was 0.685, and the variance
(t?) was 0.469, suggesting notable differences in study outcomes.
These results indicate that while GP CL wear does not significantly
alter EP, the considerable heterogeneity warrants cautious
interpretation and highlights the need for more uniform study
designs (Figure 3).
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Table 3: Meta-Analysis Summary for Endothelial Permeability in Gas Permeable Contact Lens Wearers.
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(. R
—-‘—— 1
Wodel Information
Heterogenedy: (1) = 6.26, p= 0012
lau =088 ]0.15, 10.00]
PodedEsina e ,
(100)=111,p=0337 PP | -10.4, 11,
15 A0 3 0 § 10 1§
Effect Size
Figure 3: Forest Plot for Endothelial Permeability (EP).
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Across all three corneal parameters evaluated, no statistically
significant pooled effects were observed. Moderate to high
heterogeneity was evident in all outcomes, especially for Central
Corneal Thickness and Endothelial Permeability. These findings
indicate inconsistency across studies and the need for further high-
quality, standardized investigations.

Discussion

The systematic research with meta-analysis evaluation
investigated how GP contactlenses affect three fundamental corneal
measurements throughout extended use to measure CCT and CAF
and EP. This study analysis found no significant correlation between
the combined results across three analyzed study variables. A large
amount of variability was noted between studies which points to
unexplored data points that need further research.

Central Corneal Thickness (CCT)

The long-term application of GP contact lenses did not produce
any meaningful effects on CCT according to our meta-analysis. The
examined CCT results after extended GP contact lens wear showed
no notable CCT difference through an effect size of 41.365 (95%
Cl: -502.402 to 585.133) with a p-value of 0.511. The residual
heterogeneity test revealed considerable statistical variation (I* =

95.79%, p < 0.001) since factors such as research design and patient
demographics along with measurement methods contributed to
study outcome inconsistency.

Previous studies along with the current literature evidence
that GP contact lenses generate diverse CCT outcomes due to
differences in individual patient characteristics particularly lens
fit and wearing duration [22-23]. Long-term GP lens use has been
linked to CCT changes through corneo-lens interaction effects yet
this study did not note significant results [24-25]. Better-controlled
research using increased participant numbers and standardized
study designs must be conducted to measure accurately the time-
related impacts of GP lenses on corneal thickness.

Corneal Autofluorescence (CAF)

Research data demonstrated that prolonged GP lens usage
did not affect CAF levels based on a 0.374 (95% CI: -3.342 to
4.089) effect size with a p-value of 0.423. The study findings show
inconsistent responses of corneas to GP lenses when used over
long periods although heterogeneity analysis revealed 1> equal
to 51.04% without reaching statistical significance (p = 0.153).
The heterogeneity between different studies appears linked to
differences between lens materials and duration of wear together
with patients’ pre-existing eye conditions.
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CAF functions as an accessible biomarker which shows
both corneal oxidative stress as well as structural changes in the
tissue [26]. Long-term usage of rigid contact lenses potentially
creates conditions for altered corneal autofluorescence by
inducing oxidative damage as per research by [27]. Well-designed
longitudinal studies need to be conducted because this research
highlights the importance of monitoring subclinical CAF changes
while determining patient groups that face increased risk of such

changes.
Endothelial Permeability

The pooled effect measurement of EP revealed no statistically
significant result (effect size = 0.901, 95% CI: -5.796 to 7.597, p =
0.337) as observed during our assessment. Results show significant
statistical residual heterogeneity between studies regarding GP
lens effects on endothelial permeability since analysis indicated I?
at 84.03% (p = 0.012). The assessment methods for EP and type
of GP lenses and wear period duration used in these studies likely
contributed to this high degree of heterogeneity.

Endothelial cells need optimal health to preserve corneal
transparency and functionality so long-term wear of contact lenses
can induce morphological along with functional changes to these
cells according to [28]. Our analysis identified no significance
in endoplasmic reticulum activity but certain isolated studies
documented increased permeability within individuals who wore
GP lenses for longer periods according to [29]. The different
research outcomes about GP lenses and endothelium effects
demonstrate how crucial it is to enhance studies through improved
methodology and more specific research on long-term GP effects on
endothelial cells.

Heterogeneity and Its Sources

Heterogeneity affects all three corneal parameters (CCT,
CAF, and EP) due to their complex responses from wearing GP
contact lenses. The following elements represent major sources of
heterogeneity in the study results:

The type of material used in GP lenses along with the way they
fit patients’ eyes determines the contact points between lenses and
cornea. The physiological responses differ between different lens
materials including rigid gas permeable versus silicone acrylate
which affects outcomes such as CCT and EP [30].

Subjects who participated in GP lens wear research were found
to maintain their lenses anywhere from several months to several
years. Study outcomes might show divergence because participants
wear contact lenses for different lengths of time according to [31].

The way GP lenses affect corneal responses depends upon
population characteristics such as patient age and gender together
with underlying eye conditions including keratoconus and baseline
corneal measurements.

Assessments to control these explanatory variables need to
become standardized while researchers must deeply investigate
them in specific patient groups through additional analysis
methods.
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Limitations

Several difficulties exist in the execution of this review
alongside its meta-analysis assessment. Both parameters had only
two relevant studies in the research analysis which decreased the
strength of the study findings. Limited sample population numbers
from analyzed studies created substantial differences between
research results. The available data becomes hard to understand
due to differences in research design methods and patient
demographics and measurement technique protocols. Future
research needs larger sample populations and longer follow-up
times and detailed patient populations to finally determine the
long-term effects of GP lenses on corneal health.

Implications for Clinical Practice and Future
Research

This meta-analysis reveals that the available evidence presents
substantial variability because it did not detect any lasting changes
to CCT, CAF, or EP butno significant effects were found in any of these
parameters from GP lens use. Medical practitioners should exercise
careful judgment before prescribing GP lenses as long-term wear
because individual patients may react differently to this treatment
especially when they have existing corneal conditions. Research
must advance to detect any unobvious corneal health modifications
caused by GP lenses which could create complications after short-
term assessments have cleared.

Future research needs to carry out extensive multicenter
experiments along with standardized protocols during extensive
follow-up to accurately track the total effects of GP lens usage on
corneal characteristics. The investigation of risk elements which
could cause harm to the cornea during GP lens use will allow
for improved patterns in lens recommendations that consider
individual characteristics.

Conclusion

The systematic review together with meta-analysis
demonstrates that GP lenses do not produce meaningful long-term
changes in central corneal thickness and they do not affect corneal
autofluorescence levels and endothelial permeability. The marked
variability of results in the collected data underlines the necessity
for additional studies to detect groups whose corneal responses to
lens use differ from one another. Additional research must include
standardized protocols and larger study samples to create solid
long-term evaluations of GP contact lens safety along with their

effect on patients.
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