Clinical Optometry Dovepress
Taylor & Francis Group

ORIGINAL RESEARCH

Prevalence of Refractive Errors, Myopic Macular
Degeneration, and Associated Risk Factors in
a Maltese Population-Based Study

David Agius Jullan Mamo?, Neville CaIIe]a Daniel Cassar?, Xeniya Marku®?,

Maria Christina Nappa , Michaela Zammit(*, Maria Elena Pace’, Francis Carbonaro(®"**

'Department of Surgery, University of Malta, Msida, Malta; 2Department of Ophthalmology, Mater Dei Hospital, Msida, Malta; 3Department of Public
Health, University of Malta, Msida, Malta; 4Department of Medicine, Mater Dei Hospital, Msida, Malta; 5Medical School, University of Malta, Msida,
Malta; ®Department of Twin Research, King’s College, London, UK

Correspondence: David Agius, Ophthalmology Outpatients, Mater Dei Hospital, Triq id-Donaturi tad-Demm, Msida, MSD, 2090, Malta,
Email david.agius@um.edu.mt

Purpose: To estimate the prevalence of refractive error and myopic macular degeneration in a nationally representative sample of
older adults from Malta, evaluate associations with established risk factors.

Patients and Methods: This population-based cross-sectional study included 1,794 participants aged 50-80 years from Malta,
recruited as part of The Malta Eye Study (response rate 44.8%). Demographic, medical, behavioral, and ocular data were collected
using structured questionnaires. Standardized ophthalmic examinations were performed, including autorefraction and retinal imaging
with optical coherence tomography. Refractive error was classified by spherical equivalent as myopia (< —0.50 D) and hyperopia (>
+0.50 D), while astigmatism was defined as < —0.75 D. Myopic macular degeneration was graded using the meta-analysis for
pathologic myopia classification. Associations were assessed using multivariable logistic regression.

Results: Among right phakic, surgically untouched eyes, the prevalence of emmetropia, myopia, and hyperopia was 20.0% (95% CI
18.0-22.1%), 25.1% (95% CI 23.0-27.4%), and 54.8% (95% CI 52.3-57.3%), respectively. Vector-derived average astigmatism
prevalence in both eyes was 44.3% (95% CI 41.6-46.9%), with against-the-rule astigmatism being the most common pattern. Effective
refractive error coverage exceeded 90% for both distance and near vision. The prevalence of any myopic degeneration in either eye
was 2.6% (95% CI 1.9-3.4%). Myopia prevalence among individuals aged 50-59 years was lower than that reported in other European
populations, and use of long-acting anti-muscarinic agents was associated with myopic degeneration (OR 25.70, 95% CI 1.55-426.04,
p=0.023).

Conclusion: This study reports refractive error and myopic macular degeneration prevalence broadly comparable to other European
settings. Lower myopia prevalence among individuals aged 50-59 years may reflect complex gene—environment—behavior interac-
tions. Further investigation of these interactions, as well as the potential impact of long-acting anti-muscarinic agents on myopic
macular degeneration, is warranted, particularly in light of the wide confidence interval.

Plain Language Summary: This study explored how common vision problems are among adults aged 50 years and older living in
Malta, and which factors may be linked to these problems. The focus was on short-sightedness, long-sightedness, uneven focus, and
damage to the retina related to short-sightedness.

Why was this study done?

Uncorrected vision problems are a leading cause of reduced vision worldwide. In Malta, there are no recent national data on these
conditions. Such information is important for planning eye care services and reducing avoidable vision loss.

What did the researchers do and find?

We examined a large, representative group of older adults in Malta. We measured vision, examined the eyes, and collected information
about health and lifestyle. About one in four people had short-sightedness, while over half had long-sightedness. Many also had
uneven focus. Most people who needed vision correction had their distance and near vision needs met. Damage related to short-
sightedness affected a small proportion of the population. People aged 50 to 59 had lower rates of short-sightedness than those reported
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in other European countries. We also observed a possible link between the use of certain long-acting inhaled medicines for breathing
conditions and short-sightedness-related eye damage, based on small numbers.

What do these results mean?

Vision problems are common among older adults in Malta, but access to vision correction is generally good. Differences between age
groups and the possible medication link need further study.

Keywords: myopia, hyperopia, refractive error, astigmatism, anisometropia, myopic macular degeneration, prevalence, risk factors,
ageing, population-based study, long-acting anti-muscarinic agents

Introduction
Refractive errors occur when light does not focus accurately on the retina, causing blurred vision. Myopia results from
light focusing in front of the retina, hyperopia from light focusing behind it, and astigmatism from uneven focus across
different meridians, while presbyopia develops with age due to reduced accommodative ability. Uncorrected refractive
error (URE) is the leading global cause of moderate and severe visual impairment (MSVI) and a major contributor to
blindness." In children, URE can cause amblyopia and strabismus, whereas in older adults it is typically driven by age-
related lens changes, opacities, intraocular surgery, pseudophakia, aphakia and ocular pathology.” Myopia also increases
the risk of complications such as myopic macular degeneration (MMD), retinal detachment, cataract and glaucoma.®
Epidemiologic studies commonly define refractive error using spherical equivalent cut-offs of < —0.50D for myopia
and > +0.50 D for hyperopia, with astigmatism thresholds of > 0.50-1.00 D, as applied in this study.”'° In Europe,
myopia affects around 27-31% of adults, hyperopia 23-25%, and astigmatism 24-40%.'%1! Myopia prevalence is
highest in younger adults, while hyperopia increases with age.'"'? Regionally, Southeast Asia (32.9%) and Europe
(27.0%) report the highest myopia prevalence, and global projections estimate almost 50% prevalence by 2050, including

56% in Western Europe.”'°

Risk factors for refractive errors include age, sex, education, genetics, near work, and reduced outdoor activity.lz*18
MMD is more common in females, urban populations, older individuals and those with high myopia.'**° URE remains
the most common cause of MSVI globally and the third leading cause of blindness in people aged 50+, despite the
availability of effective correction.” Effective refractive error coverage (eREC) is highest in high-income countries and
lowest in low-income regions, with WHO aiming for a 40% global increase by 2030.%"-*

In Malta, the only population-based study to date, conducted in 1989 in individuals aged 40+, reported a refractive
error prevalence of 47.6%, corrected refractive error of 39.3%, and under-corrected refractive error of 8.3%, correspond-
ing to an estimated eREC of 82.5%.7*** No updated national data are available, highlighting the need for contemporary
prevalence estimates to guide public health planning and eye care service provision.

The Malta Eye Study (TMES) is a population-based, cross-sectional study assessing the prevalence of visual
impairment (VI) and common eye diseases in Maltese adults aged 50-80.>>2° The present analysis focuses primarily
on the prevalence of refractive error, effective refractive error coverage, and associated risk factors in this population.
Findings related to myopic macular degeneration are reported as a secondary outcome within the context of myopia-
related complications.

Material and Methods

TMES methodology, including sample size derivation, is detailed elsewhere.?” The study adhered to The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) checklist,”’(Supplementary Table 1).

Ethical Clearance and Permissions

Ethical approval was granted by the University of Malta Faculty Research Ethics Committee (FRECMDS 1819 94)
before data collection in 2019. The study followed the Declaration of Helsinki*® and General Data Protection Regulation
(GDPR)* guidelines, with hospital and Data Protection Officer approvals. Informed consent was obtained, and data were
pseudonymized.
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Study Population
A random sample of 4006 individuals aged 50-80 years, stratified by age, sex, and locality, obtained from the Malta
Electoral Register, was invited for an ophthalmic assessment between September 2021 and July 2024.

Ophthalmic Assessment
The individuals were examined at Mater Dei Hospital between September 2021 and May 2024 and at Gozo General
Hospital between June 2024 and July 2024.

The assessment involved visual acuity tests and autorefraction, subjective refraction, anthropometric (weight, height)
and clinical (blood pressure and capillary blood glucose) measurements, Goldmann tonometry, a slit lamp based anterior
segment and dilated posterior segment indirect (90D) examination, fundus photography and swept-source optical
coherence tomography (OCT) scanning of the macula and disc. Autorefraction was performed using the Visionix
VX120 multimodal diagnostic platform (Visionix, Luneau Technology Group, Chartres, France).>° OCT was performed
using the DRI OCT Triton (Topcon Corporation, Tokyo, Japan). Subjective refraction was performed only in participants
with presenting visual acuity worse than 6/12 who demonstrated improvement with pinhole testing, primarily for clinical
management rather than analytical purposes. Autorefraction data were therefore used for refractive error classification, as
these were available for all participants. All ocular assessments were performed by the same ophthalmologist, the first
author of this paper (DA).The questionnaire included themes related to sociodemographic status, medical and ocular
history.

Definitions Used

Refractive status was defined based on spherical equivalent (SE = sphere + % cylinder, in diopters, D) and cylinder/axis
data obtained from autorefraction. Emmetropia was classified as SE between —0.50 D and +0.50 D inclusive. Myopia was
defined as SE < —0.50 D, further subdivided into low myopia (—3.00 D < SE < —0.50 D), moderate myopia (=6.00 D <
SE < —3.00 D), and high myopia (SE < —6.00 D). Hyperopia was defined as SE > +0.50 D, with subcategories mild
(+0.50 D < SE < +2.00 D), moderate (+2.00 D < SE < +5.00 D) and high hyperopia (SE > +5.00 D). Astigmatism was
considered present when negative cylinder power was < —0.75 D. Average eye astigmatism was further quantified using
power-vector analysis,”' converting each eye’s cylinder (C) and axis (a) to Jo and J45 components where J, = —(C/2)cos
(2a) and J45 = —(C/2)sin(2a). These values were computed for both eyes, averaged per individual, then back transformed
to conventional cylinder magnitude and axis to determine overall classification. Axis-specific astigmatism categories
were defined using a +20° allowance around the principal axes, with with-the-rule astigmatism defined as 160°-20°,
against-the-rule astigmatism as 70°-110°, and oblique astigmatism as >20° to <160°, consistent with power-vector
analysis approaches used in epidemiological studies. Anisometropia was defined as an interocular spherical equivalent
difference >1.00 D, consistent with commonly used epidemiological definitions.

Distance and near eREC were calculated from presenting vision using met, undermet, and unmet need categories. For
distance, “a” represented spectacle/contact lens wearers (or those with refractive surgery) with presenting visual acuity
(VA) > 6/12 (met need); “b” included spectacle/contact lens wearers (or refractive surgery) with presenting VA < 6/12 who
improved to > 6/12 on pinhole or refraction (undermet need); “c” comprised those with presenting VA < 6/12 without
correction who improved to > 6/12 on pinhole or refraction (unmet need). Distance eREC was calculated as a/(a+ b+ c).
Near categories were defined analogously: “d” for near spectacle wearers (or multifocal implants) with presenting near VA
> N6 (met need); “e” for near spectacle wearers (or implants) with presenting near VA < N6 who improved to > N6 with
refraction (undermet need); and “f” for those with presenting near VA < N6 without correction who improved to > N6 with
refraction (unmet need). Near eREC was calculated as d / (d + e + ).

MMD was graded from fundus images and 90D dilated fundoscopy using the meta-analysis for pathological myopia
(META-PM) photographic classification: 0 = no myopic retinal changes; 1 = tessellated fundus; 2 = diffuse chorioretinal
atrophy; 3 = patchy chorioretinal atrophy; 4 = macular atrophy; with additional plus-lesions (lacquer cracks, choroidal
neovascularization/Fuch’s spot, posterior staphyloma) recorded separately.>
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Exclusion Criteria

Although the TMES cohort included a broader population, the analysis on refractive error focused exclusively on phakic
eyes without any history of ocular surgery. Only such surgically untouched eyes were included in the descriptive and
refractive error analysis to ensure that refractive measurements represented the eye’s natural state. Excluding pseudo-
phakic or surgically altered eyes prevented potential distortion of refractive error distributions and avoided bias in
examining associations with relevant risk factors.

Statistical Analysis

Statistical analyses were done using SPSS Statistics v23 (IBM Corp).>* Demographic variables (age, sex, district) were
compared with national census data®® for representativeness using chi-square and binomial tests while weights
(Population proportion / Sample proportion) adjusted the sample to census data for ages 50—-80. Spherical equivalent
descriptives, including normality assessment with skewness, kurtosis and Kolmogorov—Smirnov testing, were produced
for each eye. Interocular correlation was assessed using Spearman’s rho, agreement using intraclass correlation coeffi-
cients, and refractive status agreement using Cohen’s kappa. Wilcoxon signed-rank tests were used to compare paired
measurements where appropriate. Descriptive statistics were used to provide prevalence estimates with 95% confidence
intervals. Categorical predictors of refractive error types were tested with Chi-square or Fisher’s exact tests. Significant
univariate predictors (p<0.05) were included in backward stepwise binary logistic regression models on the basis of the
Wald test, with absence of ARMD as reference. The models’ final steps were presented. Missing data, being minimal,
were handled by listwise deletion, assumed missing completely at random, with no imputation.

Comparison with European Datasets
For comparison with the E3 Consortium data,'' age-standardization was performed using the 2010 Standard European
population.®® Cases with retinal detachment, cataract surgery, or refractive surgery were excluded to align with the
original study criteria. Refractive error definitions matched those used by E3,'" employing the average SE between both
eyes to classify cases: myopia as SE < —0.75 diopters (D), high myopia as SE <—6.00 D, and hyperopia as SE > +1.00 D.
For comparison with Haarman et al,*®* TMES applied its high myopia definition based on SE < —6.00 D, as axial
length data were unavailable. MMD was classified using the META-PM system, consistent with their approach. The
TMES high myopia subgroup was age-standardized to match their age distribution, and analysis was limited to this group
for direct comparison.

Results

A total of 1,794 individuals were assessed between September 2021 and July 2024, yielding a response rate of 44.8%.
Sample representativity was evaluated against the national census,** showing good alignment for age, sex, and district
when considered separately. However, there was an underrepresentation of males (p<0.001) and females (p=0.009) aged
50-59 in Northern Harbor, and of females aged 50-59 in Gozo (p=0.004). To correct this, weighting based on national
census" data was applied. Missing data were minimal: 0.4% for most questionnaire items, 4.8% for autorefraction and
8.1% for education (post-assessment).

Within the assessed sample, 1733 individuals performed the autorefraction test in at least one eye (1707 right
responses and 1619 left responses). Out of all the individuals interviewed, (n=1786), 92.6% (95% CI 91.3-93.8%) self-
reported having the need for glasses (distance or near). Distance glasses were used among 34.0% (95% CI 31.8-36.3%)
while near glasses were used among 58.6% (95% CI 56.2%, 60.9%) of the respondents. Varifocal lenses were used
among12.4% (95% CI 10.9%, 14.1%) while bifocals were used by 8.4% (95% CI 7.2%, 9.8%). Descriptive statistics for
the SEs of the right and left eye are available in Supplementary Table 2. Despite a 24.1% (95% CI 22.0-26.3%) rate of
anisometropia (Supplementary Figure 1), the right and left SEs were strongly correlated (p = 0.856, p < 0.001) with good

agreement (intraclass correlation coefficient (ICC) = 0.791). The refractive statuses of the right and left eyes were reliable
(k=0.636, p<0.001) and the right SE was used to categorize refractive status in TMES.
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Right and left cylinder values showed moderate correlation (p = 0.518, p < 0.001), moderate agreement (ICC= 0.450)
and no significant difference (Wilcoxon p = 0.538), indicating some variability between measurements. The reliability of
astigmatism between each eye was poor (k=0.360, p<0.001) and hence average astigmatism was calculated.

Prevalence of Refractive Errors and Myopic Macular Degeneration

The prevalence rates of emmetropia, myopia and hyperopia in right phakic surgically untouched eyes within the census-
adjusted TMES population were 20.0% (95% CI 18.0-22.1%), 25.1% (95% CI 23.0-27.4%) and 54.8% (95% CI
52.3-57.3%) respectively. The prevalence of vector-derived average astigmatism among the phakic surgically untouched
eyes was 44.3% (95% CI 41.6-46.9%), against the rule being the commonest kind. The prevalence of refractive error
groups among the whole population and among the populations with ocular surgery are available as Supplementary
Tables 3 and 4 respectively. The prevalence of any MMD in either eye was 2.6% (95% CI 1.9-3.4%). Further subgroup
prevalence rates are provided in Table 1.

Table | Prevalence of Refractive Error Groups Among the Census-Adjusted TMES Population with Phakic, Surgically Untouched Eyes
(n Right = 1523, n Left = 1446, n Both Eyes = 1392), by Laterality, and Prevalence of Myopic Macular Degeneration (MMD) According
to the META-PM Study Classification Among the Census-Adjusted TMES Population (n = 1794)

Condition Laterality Sub-Group Frequency | Percentage (%) | Lower 95% ClI | Upper 95% CI
Refractive Error | Right Emmetropia 305 20.0% 18.0% 22.1%
Myopia 383 25.1% 23.0% 27.4%

Hyperopia 835 54.8% 52.3% 57.3%

Mild myopia 241 15.8% 14.0% 17.8%

Moderate myopia 96 6.3% 5.1% 7.6%

High myopia 46 3.0% 2.2% 4.0%

Mild hyperopia 505 33.2% 30.8% 35.6%

Moderate hyperopia 283 18.6% 16.7% 20.6%

High hyperopia 47 3.1% 2.3% 4.1%

Left Emmetropia 291 20.1% 18.1% 22.3%
Myopia 357 24.7% 22.5% 27.0%

Hyperopia 798 55.2% 52.6% 57.8%

Mild myopia 226 15.6% 13.8% 17.6%

Moderate myopia 86 5.9% 4.8% 7.3%

High myopia 45 3.1% 2.3% 4.1%

Mild hyperopia 473 32.7% 30.3% 35.2%

Moderate hyperopia 283 19.6% 17.6% 21.7%

High hyperopia 42 2.9% 2.1% 3.9%

Average Any Astigmatism 616 44.3% 41.6% 46.9%
With-the-Rule 167 12.0% 10.3% 13.8%

Against-the-Rule 383 27.5% 25.2% 29.9%

Oblique 66 4.7% 3.7% 6.0%

(Continued)
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Table | (Continued).

Condition Laterality Sub-Group Frequency | Percentage (%) | Lower 95% CI | Upper 95% CI
MMD Either Eye Any 46 2.6% 1.9% 3.4%
Unilateral Any 10 0.6% 0.3% 1.0%

Bilateral Any 36 2.0% 1.4% 2.8%

Worse Affected Eye | 0: No Myopic Retinal Degenerative Lesion 1748 97.4% 96.6% 98.1%

I: Tessellated Fundus 8 0.4% 0.2% 0.9%

2: Diffuse Chorioretinal Atrophy 17 0.9% 0.6% 1.5%

3: Patchy Chorioretinal Atrophy 5 0.3% 0.1% 0.6%

4: Macular Atrophy 16 0.9% 0.5% 1.4%

+Lc Lacquer Cracks 5 0.3% 0.1% 0.6%

+Fs Fuch’s Spot 3 0.2% 0.0% 0.5%

Refractive Errors and Myopic Degeneration by Age and Sex
The prevalence rates of myopia and its severity did not alter significantly with age or gender (Figure 1 and

Supplementary Figure 2), while hyperopia (Figure 1), astigmatism (mainly against the rule - Figure 2) and anisometropia
increased with age. Hyperopia was commoner in females (57.8%, 95% CI 54.2-61.4%) than in males (51.8%, 95% CI
48.2-55.4%) and this trend was mainly noted from the 60 years and older. Hyperopia’s increase by age was mainly seen

with the rise in moderate hyperopia, and less-so with increasing high hyperopia (Supplementary Figure 3). Astigmatism
was more common in males (47.9%, 95% CI 44.1-51.7%) than females (40.7%, 95% CI 37.0-44.4%) and this trend was
mostly significant in the 50-59 years age group (Supplementary Figure 4). The corneal astigmatism in the average eyes

changed significantly with increasing age (p=0.001) (Supplementary Figure 5). MMD increased significantly by age but

not with gender (Supplementary Figure 6).
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Figure | Prevalence rates of emmetropia, myopia, and hyperopia in the surgically untouched, phakic right eyes of individuals in the census-adjusted TMES population,

stratified by age group and sex.
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Figure 2 Prevalence rates of vector-analysed, averaged with-the-rule, against-the-rule, and oblique astigmatism in the surgically untouched, phakic eyes of individuals in the
census-adjusted TMES population, stratified by age group and sex.

Comparison with European Data
TMES participants showed significantly lower myopia rates in middle age compared to E3, with prevalence at 50-54
years of 14.1% (95% CI 10.7-18.2) in TMES versus 20.9% (95% CI 18.6-23.2) in E3, and at 55-59 years of 12.8%
(95% CI 9.3-16.9) versus 16.6% (95% CI 14.2-18.9), respectively. Despite a downward trend in myopia in E3 beyond
the age of 60, TMES showed significantly higher and increasing rates past the age of 70 (Figure 3). This pattern was also
observed for low myopia and moderate myopia but not for high myopia (Supplementary Figures 7-9) TMES had
significantly higher hyperopia rates than E3 in individuals aged 50—-64 years, with hyperopia rates increasing in both
studies within this age group and levelling out almost equally beyond the age of 65 (Figure 4). High hyperopia was
significantly more prevalent in TMES than in E3 among the 50-54, 60-64, and 65-69 age groups (Supplementary
Figure 10).

Astigmatism rates were similar in TMES and E3 and increased with age in both studies (Supplementary Figure 11). !
The proportions of MMD were similar between TMES and the Dutch study (Supplementary Table 5). 36
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Figure 3 Line chart comparing the rates of myopia (with 95% ClI bars), defined as an average spherical equivalent of <-0.75 D between both eyes, in phakic individuals
without a history of retinal detachment or refractive surgery, between the E3 Consortium'' and the age-standardized TMES population, stratified by 5-year age groups.
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Figure 4 Line chart comparing the rates of hyperopia (with 95% CI bars), defined as an average spherical equivalent of 2+1.00D between both eyes, in phakic individuals

without a history of retinal detachment or refractive surgery, between the E3 Consortium'' and the age-standardized TMES population, stratified by 5-year age groups.

Predictors of Refractive Error and Myopic Macular Degeneration
Multivariate analysis (95% CI of ORs and p values in Supplementary Tables 6-9) showed that, compared to emmetropia,

myopia was significantly associated with tertiary education (OR: 2.35), relative to primary education, as well as with the
presence of anisometropia (OR: 3.22) and peripapillary atrophy (OR: 7.30). Myopia was significantly less prevalent
among individuals who wore sunglasses (OR: 0.49). Compared to emmetropia, hyperopia’s prevalence was significantly
lower with tertiary level education (OR:0.66), relative to primary education, and decreased significantly in those who
wore sunglasses (OR:0.60) (Supplementary Table 6).

Astigmatism was significantly associated with the male gender (female vs male OR: 0.69) increasing age (OR
per year: 1.04), with the presence of cortical lens opacities (OR:1.51), anisometropia (OR:2.08), mild bilateral (OR:1.89),
mild unilateral VI (OR:1.47) and unilateral MSVI (OR:2.13) (Supplementary Table 7). On adjusting for age and
educational level, corneal astigmatism was not found to be significantly associated with the female gender in TMES

(OR:1.07, p=0.601). After adjusting for lens opacities, myopia, and hyperopia, each diopter increase in cylinder power
was associated with significantly higher odds of anisometropia (OR per diopter: 1.73, 95% CI 1.47-2.02, p < 0.001).
There was a weak negative correlation between interocular average spherical equivalent and interocular average positive
cylinder (p = —0.089, p = 0.001). However, myopia was not significantly related to astigmatism after adjusting for
anisometropia and other covariates.

Anisometropia was significantly associated with mild unilateral VI (OR:2.36), unilateral MSVI (OR:29.14), unilateral
blindness (OR: 15.83) and myopia (OR:3.31). Additionally, compared to no astigmatism, anisometropia was associated
with with-the-rule astigmatism (OR:1.66), against-the-rule astigmatism (OR: 2.07) and oblique astigmatism (OR: 2.99)
(Supplementary Table 8).

Baseline characteristics and multivariable predictors of myopic macular degeneration within the TMES cohort are
detailed in Supplementary Table 9. MMD was significantly associated with domestic work in relation to employed
individuals (OR:4.52), self-reported use of long-acting anti-muscarinic agents (LAMA) (OR: 25.70), moderate myopia
(OR:27.88), high myopia (OR:65.67), mild VIOU (OR:6.94), unilateral MSVI (OR:5.38), unilateral blindness
(OR:12.43) and peripapillary atrophy (OR:20.60). Lower MMD rates were significantly associated with a history of
hat wearing (OR:0.20).

Effective Refractive Error Coverage
The overall ¢eREC for distance and near were 92.8% (95% CI 91.0-94.4%) and 93.7% (95% CI 91.2-95.6%)
respectively. These indices did not vary by age group or gender (Supplementary Table 10).
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Discussion

From a clinical and public health perspective, these findings provide contemporary, nationally representative refractive
error prevalence estimates for Malta, addressing a long-standing evidence gap. The high effective refractive error
coverage observed suggests generally good access to vision correction services; however, the substantial burden of
hyperopia, astigmatism, and anisometropia in older adults highlights the ongoing need for targeted refractive services,
regular eye examinations, and age-appropriate optical correction to reduce avoidable visual impairment.

Comparison with European Data
The differences in refractive error rates between TMES and the E3 Consortium could thus be influenced by methodol-
ogy-related, genetic, environmental, and cohort-related factors.

TMES classifications were based on autorefractor measurements, whereas five of fifteen E3 studies used subjective
refraction and the remainder employed various autorefractor models. Different definitions of refractive error hinder direct
comparison. In E3, astigmatism was defined as >1 D, with no specification as to whether it was derived from cylinder
powers or J0/J45 vectors."!

Myopia prevalence at ages 5059 was significantly lower in TMES than in E3, possibly reflecting Malta’s mild winter
climate, which encourages greater outdoor activity, a recognized protective factor in childhood and adolescence.>’ Such
early-life exposures may contribute to the lower mid-life prevalence observed. In the Southern European (Thessaloniki) E3
cohort,'" myopia rates increased in older age groups, potentially due to nuclear’® and non-nuclear sclerosis—related myopic
shift.** Historical differences in access to vision care may also have influenced refractive outcomes in older cohorts.

E3 hyperopia prevalence was lower than in earlier US, Australian, and Western European datasets.** Higher TMES
hyperopia rates, particularly at ages 50—-64, may be attributable to early-life environmental factors, differences in cortical
cataract prevalence or exclusion, or genetic predisposition. The observed plateau in hyperopia prevalence beyond age 65
in both cohorts may reflect a balance between age-related hyperopic and myopic lens changes, as well as cohort effects.

In TMES, astigmatism increase by age could not be attributed solely to lenticular changes, as corneal astigmatism
also increased significantly with age.

Comparison of MMD rates with the Dutch study was limited by its inclusion of axial length (=26 mm) in the high
myopia definition, which was not available in TMES.**

Associations of Refractive Errors and Myopic Macular Degeneration

This study assessed associations of refractive error groups focusing on phakic eyes to avoid inaccuracies from self-
reported pre-operative status. Consistent with prior research, increasing age correlated with astigmatism, reflecting age-
related changes in corneal curvature and/or lens structure. Educational attainment was strongly associated with refractive
error, with higher education linked to increased myopia and decreased hyperopia, supporting multifactorial lifestyle and
environmental influences. Increased near-work like reading and computer use causes accommodative stress and axial
elongation, while less outdoor time, common in higher education, is a known myopia risk.>’

Sunglasses wear was associated with lower odds of myopia and hyperopia independently of cataract presence, likely
reflecting easier access to non-prescription sunglasses among individuals without refractive errors. Cortical cataract
remained significantly associated with astigmatism after adjusting for nuclear sclerosis, a relationship rarely quantified in
the literature to date.

An association between long-acting anti-muscarinic agent (LAMA) use and MMD was observed; however, this
finding was based on small numbers, with 2 of 9 individuals (22.2%) using these agents having myopic macular
degeneration, compared with 2.5% among non-users. This resulted in a wide confidence interval, indicating substantial
statistical uncertainty. Importantly, smoking history and self-reported respiratory disease were not significantly associated
with myopic macular degeneration in univariate analyses. Nevertheless, residual confounding cannot be excluded,
particularly as chronic obstructive pulmonary disease may be underreported or misclassified as asthma in questionnaire-
based data. This association should be interpreted cautiously and regarded as exploratory rather than causal. Potential
biological mechanisms may involve muscarinic receptor pathways: atropine is thought to slow myopia progression via
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M1 and M4 receptor blockade, while LAMA agents primarily block M3 receptors, which have also been implicated in
myopia-related signaling.*'** Further longitudinal and mechanistic studies are required to clarify the nature and
direction of this association.

Protective factors for MMD included hat wearing, possibly reflecting more outdoor time and less myopization MMD
was also associated with domestic work, indicating near-work-related risk. Finally, MMD was significantly associated
with unilateral MSVI and blindness, emphasizing the need for early detection to preserve vision.

Strengths and Limitations

The strengths of this study include its large, representative, population-based and clinician-led design, with all examina-
tions performed by the same validated specialist. This approach eliminated inter-observer variability and ensured intra-
observer consistency, thereby enhancing the validity and robustness of the findings. Furthermore, the use of pupil-dilated
indirect fundoscopy and swept-source OCT enabled comprehensive and high-quality MMD assessment.

Several limitations should also be acknowledged. The response rate and the application of sample weighting may have
introduced selection bias, and non-responders may have had different, potentially higher, rates of ocular disease. Axial length
measurements were unavailable using the Visionix VX120, limiting direct comparison with studies incorporating biometric
definitions of high myopia. Previous medical records were not accessible, and the refractive status of individuals prior to
ocular surgery could not be determined; exclusion of these individuals may therefore have influenced prevalence estimates
and reduced statistical power for associative analyses. The low prevalence of MMD further limited power for risk factor and
severity subgroup analyses, as reflected by wide confidence intervals, including for associations with LAMA agent use.
Information on respiratory disease and medication use relied on self-report, which may have led to misclassification,
particularly between asthma and chronic obstructive pulmonary disease, and residual confounding cannot be excluded.
Finally, the cross-sectional design precludes causal inference and limits assessment of temporal relationships.

Conclusion

This population-based study provides contemporary, nationally representative estimates of refractive error and myopic
macular degeneration among adults aged 50—80 years in Malta. Overall refractive error patterns and MMD prevalence
were broadly comparable to other European populations; however, myopia prevalence was notably lower among
individuals aged 50-59 years. Effective refractive error coverage for both distance and near vision was high, indicating
generally good access to refractive correction services.

The lower mid-life myopia prevalence may reflect complex gene—environment interactions, including lifestyle and
climatic factors, and warrants further investigation. An association between LAMA agent use and MMD was observed
but given the small number of exposed cases and wide confidence intervals, this finding should be interpreted cautiously
and regarded as exploratory. Further longitudinal and mechanistic studies are required to clarify causality and potential
clinical implications.
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