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Abstract

Background/Objectives: To evaluate subclinical structural and functional retinal alter-
ations in clinically normal myopic eyes using optical coherence tomography (OCT) and
automated visual field analysis. Methods: This retrospective observational study included
109 patients aged 18–42 years categorized according to spherical refractive component,
while spherical equivalent (SE) was calculated to quantify refractive severity. Only the
right eye of each participant was analyzed. Patients were categorized into five refractive
groups according to spherical refractive component. All participants underwent compre-
hensive ophthalmologic examination, axial length (AL) measurement, spectral-domain
OCT imaging, and standard automated perimetry. Structural parameters included central
retinal thickness (CRT) and OCT-derived nerve fiber layer central thickness (OCT-NFCT).
Functional assessment included visual field central zone sensitivity (VF-CZ), peripheral
zone defect value (VF-PZ), mean deviation/defect value (VF-MD), and square root of loss
variance (VF-sLV). Correlation and regression analyses were performed to evaluate rela-
tionships among absolute myopia severity, AL, OCT parameters, and visual field indices.
Results: Increasing myopia was associated with significant reductions in CRT (p < 0.001)
and significant intergroup differences in OCT-NFCT (p = 0.012). A moderate negative
correlation was observed between absolute spherical equivalent/myopia severity and CRT
(r = −0.5398, p < 0.001), whereas the association with OCT-NFCT was not statistically
significant (p = 0.149). Visual field parameters demonstrated significant deterioration with
increasing myopia (all p < 0.001). VF-CZ showed a strong negative correlation with myopia
severity (r = −0.8545, p < 0.001), whereas VF-PZ (r = 0.8196, p < 0.001), VF-MD (r = 0.8186,
p < 0.001), and VF-sLV (r = 0.7606, p < 0.001) demonstrated strong positive correlations.
In multivariable regression analysis, BCVA, AL, and absolute SE were independently as-
sociated with VF-CZ, whereas age and absolute SE were independently associated with
VF-MD. CRT and OCT-NFCT were not independent predictors of visual field outcomes.
Conclusions: Clinically normal myopic eyes demonstrate significant subclinical structural
and functional retinal alterations. In this cross-sectional dataset, visual field alterations were
detectable across refractive categories and appeared to be more strongly associated with
axial elongation and myopia severity than isolated retinal thickness alterations. Combined
OCT and visual field assessment may be valuable for early detection and monitoring of
subclinical retinal involvement in myopic patients.
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1. Introduction
Myopia is one of the most common ocular disorders worldwide and has emerged as a

major global public health concern due to its rapidly increasing prevalence and associated
risk of irreversible visual impairment [1–3]. Traditionally regarded as a refractive error
resulting from axial elongation of the globe, myopia is now increasingly recognized as
a progressive neurostructural ocular condition characterized by biomechanical, vascular,
and retinal alterations that may occur even before clinically visible degenerative fundus
changes develop. Excessive axial elongation may induce retinal stretching, choroidal
thinning, photoreceptor displacement, and mechanical stress on inner retinal structures,
potentially leading to subtle impairment of retinal integrity and function.

Although visual acuity may remain relatively preserved in many myopic individu-
als, increasing evidence suggests that retinal dysfunction can occur at subclinical stages.
Previous studies have demonstrated alterations in contrast sensitivity, retinal sensitivity,
and visual field performance in myopic eyes, suggesting that myopia may influence retinal
physiology beyond refractive blur alone [4,5]. Importantly, these functional abnormalities
may be detectable even when overt retinal degeneration is not clinically apparent. There-
fore, conventional ophthalmologic examination alone may underestimate early retinal
involvement in myopia.

Optical coherence tomography (OCT) has become an essential imaging modality for
evaluating retinal microstructure in vivo. High-resolution OCT imaging enables quantita-
tive assessment of retinal thickness and retinal nerve fiber layer (RNFL) integrity, allowing
detection of subtle retinal alterations that may occur in the absence of clinically apparent
pathology [6]. Several studies have demonstrated that increasing myopia and axial elonga-
tion are associated with retinal and RNFL thinning; however, the clinical significance and
functional correlates of these structural alterations remain incompletely understood [7–10].
Furthermore, previous investigations have largely focused either on structural retinal pa-
rameters or on functional visual field assessment separately, while the relationship between
structural retinal changes and functional retinal sensitivity in clinically normal myopic eyes
remains insufficiently characterized.

Visual field testing provides a quantitative evaluation of retinal function and may
reveal early neuroretinal dysfunction even in eyes without apparent structural degeneration.
Importantly, structural and functional alterations do not necessarily progress in parallel, and
functional abnormalities may be detectable even when overt structural loss is not clinically
apparent in certain ocular conditions [11,12]. Understanding the interaction between
retinal structure and function in myopia may improve early detection of subclinical retinal
involvement and contribute to better risk stratification in myopic patients.

Therefore, the present study aimed to investigate whether clinically normal myopic
eyes demonstrate evidence of subclinical retinal involvement through combined structural
and functional retinal assessment. Using OCT-derived retinal thickness measurements
together with automated visual field analysis, we evaluated the relationship between
increasing degrees of myopia and neuroretinal alterations in patients without clinically
detectable degenerative fundus findings.

2. Materials and Methods
2.1. Study Design and Ethical Approval

This retrospective observational study was conducted at the Department of Oph-
thalmology, Erciyes University Medical Faculty Hospital, between June 2019 and March
2021. The study protocol was approved by the Erciyes University Clinical Research Ethics
Committee (Approval No: 2022/206; Approval Date: 9 February 2022) and adhered to the
tenets of the Declaration of Helsinki.
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2.2. Participants

A total of 109 patients aged 18–42 years with refractive status classified according to
spherical equivalent (SE) were included in the study. The cohort comprised 4 eyes with
simple myopia, 100 eyes with myopic astigmatism, and 5 eyes with astigmatism without a
spherical myopic component; these 5 astigmatism-only eyes were all within the Group 1
emmetropic-to-very-low-myopia reference range. No astigmatism-only eye was included
in Groups 2–5. The astigmatic component ranged from 0.25 to 4.00 D. To avoid inter-eye
correlation bias, only the right eye of each participant was analyzed. All participants had a
best-corrected visual acuity (BCVA) of 0.7 or higher (Snellen equivalent). No included eye
had clinically suspicious glaucomatous optic neuropathy, ocular hypertension, antiglau-
coma medication use, or repeatable glaucomatous visual field defects based on the available
clinical records.

2.3. Inclusion and Exclusion Criteria

Patients with varying degrees of myopia without clinically detectable degenerative reti-
nal pathology were included. Exclusion criteria comprised any ocular or systemic condition
that could affect retinal structure or visual field sensitivity, including cataract, corneal opac-
ity, corneal ectatic disorders, glaucoma, uveitis, vitreous opacities, hereditary or acquired
retinal diseases, diabetes mellitus, and hypertension. In addition, eyes with intraocular
pressure outside the normal range (>21 mmHg), a history of glaucoma or antiglaucoma
medication use, suspicious glaucomatous optic neuropathy, focal neuroretinal rim thin-
ning or notching, optic disk hemorrhage, marked cup-to-disk asymmetry, or repeatable
glaucomatous visual field defects were excluded. Available records were also reviewed for
glaucoma-related history, including documented family history when available.

All participants underwent comprehensive ophthalmologic examination, including
best-corrected visual acuity assessment, slit-lamp biomicroscopy, intraocular pressure mea-
surement, dilated fundus examination, refractive error analysis, axial length measurement,
OCT imaging, and automated visual field testing. Refractive errors were recorded as
spherical equivalent values.

2.4. Grouping of Patients

Patients were categorized into five refractive severity groups according to the spherical
refractive component recorded in the clinical refraction data, while spherical equivalent (SE)
was calculated as spherical refraction plus one-half of the astigmatic refraction and used
to quantify refractive severity in descriptive and correlation analyses. Group 1 included
eyes with a spherical refractive component between 0 and −0.50 D and was considered an
emmetropic-to-very-low-myopia reference group rather than a true myopic group. Because
mild astigmatism was present in some Group 1 eyes, the observed absolute SE values in
this group ranged from 0.125 to 0.75 D. Groups 2 to 5 represented increasing categories of
myopia according to the spherical component: Group 2, −1 to −3 D; Group 3, >−3 to −6 D;
Group 4, >−6 to −9 D; and Group 5, ≤−9 D. For descriptive clarity, refractive subtypes
were defined as follows: simple myopia indicated a spherical myopic component without
astigmatism; myopic astigmatism indicated a spherical myopic component combined with
an astigmatic component; and astigmatism-only indicated astigmatism without a spherical
myopic component. These refractive subtypes were reported descriptively, whereas the
primary analytical groups were based on spherical-component-defined refractive severity,
and absolute SE was used for correlation analyses.
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2.5. Axial Length Measurement

Axial length measurements were obtained using optical biometry with a Nidek biom-
etry system (NIDEK Co., Ltd., Gamagori, Japan). Measurements were performed under
standardized conditions by experienced technicians. For each eye, 10 consecutive axial
length readings were obtained, and the mean of reliable measurements was recorded for
analysis. Measurements with poor signal quality, poor fixation, or obvious acquisition error
were repeated or excluded from averaging. Mean axial length values were then included in
correlation and regression analyses with retinal structural and functional parameters.

2.6. Optical Coherence Tomography Analysis

Retinal imaging was performed using spectral-domain OCT (Spectralis OCT, Heidel-
berg Engineering, Heidelberg, Germany). Macular volume scans centered on the fovea
were used for macular retinal layer analysis. High-quality scans with adequate centration
and image quality were included in the analysis. Scan quality and segmentation outputs
were reviewed before analysis, and eyes with poor signal quality, motion artifacts, decen-
tration, or obvious segmentation errors were excluded. Manual correction of segmentation
errors was not performed; scans with clear segmentation failure were excluded instead.
OCT measurements were analyzed using the device-derived automated outputs, and no
additional axial length-related magnification correction was applied.

Macular retinal thickness measurements were obtained using the device automated
segmentation software. Central retinal thickness (CRT) and OCT-derived nerve fiber layer
central thickness (OCT-NFCT) values were recorded for analysis. The OCT-NFCT param-
eter used in this study did not represent conventional average or sectoral peripapillary
RNFL thickness. Instead, OCT-NFCT referred to the device-derived nerve fiber layer central
thickness measured within the central macular analysis region by automated segmentation.
Values were recorded in micrometers (µm). Segmentation outputs were reviewed for ac-
quisition quality and anatomical consistency prior to statistical evaluation. Quantitative
OCT parameters were compared among myopia groups to investigate structural retinal
alterations associated with increasing myopia severity and axial elongation.

2.7. Visual Field Testing

Visual field assessment was performed using the OCTOPUS 900 perimeter (Haag-Streit
Diagnostic International, Koeniz, Switzerland) with the 30–2 threshold test program using
the Dynamic strategy and a Goldmann size III stimulus under standard background lumi-
nance conditions (31.4 apostilbs). Standard automated threshold perimetry was performed
under appropriate refractive correction, and trial lens correction was selected according to
the participant’s refractive error. Testing was performed under physiological non-mydriatic
pupil conditions, and fixation stability was monitored during the examination. At least two
visual field examinations were obtained at separate visits to minimize learning effects and
to assess repeatability; the most reliable and repeatable examination was included in the
final analysis. Tests were excluded if fixation losses exceeded 20%, false-positive responses
exceeded 33%, or false-negative responses exceeded 33%, or if fixation instability, poor
cooperation, media opacity, optical defocus, inadequate refractive correction, or lens rim
artifact was suspected. Visual field values were recorded in decibels (dB).

The following visual field parameters were evaluated: visual field central zone sensi-
tivity (VF-CZ), visual field peripheral zone defect value (VF-PZ), visual field mean devia-
tion/defect value (VF-MD), and square root of loss variance (VF-sLV). The central zone
was defined using the central test locations of the 30–2 grid, whereas the peripheral zone
was defined using the remaining peripheral test locations. VF-CZ represents central sensi-
tivity; therefore, lower VF-CZ values indicate worse central visual field function. VF-PZ
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represents a peripheral zone defect/depression value in this dataset; therefore, higher
VF-PZ values indicate worse peripheral visual field function. Similarly, higher VF-MD and
VF-sLV values indicate greater diffuse and localized visual field impairment, respectively.
These parameters were compared among myopia groups and correlated with SE, axial
length, and OCT-derived retinal measurements.

2.8. Statistical Analysis

Statistical analyses were performed using TURCOSA software (Turcosa Analytics
Co., Ltd., Kayseri, Turkey; www.turcosa.com.tr, accessed on 26 June 2026). Normality of
continuous variables was assessed using the Shapiro–Wilk test. According to normality
testing, most primary quantitative variables did not meet normal distribution assumptions;
therefore, data were generally presented as median (interquartile range), while normally
distributed variables were presented as mean ± standard deviation. For comparisons
among the five refractive groups, one-way analysis of variance (ANOVA) with Tukey post
hoc testing was used for normally distributed variables, whereas the Kruskal–Wallis test
with Dunn-Bonferroni post hoc correction was used for non-normally distributed variables.
Categorical variables were compared using the chi-square test or Fisher’s exact test, as
appropriate. Post hoc p-values were multiple-comparison-adjusted. Correlation analyses
were performed using Spearman’s rank correlation coefficient because the main refractive,
OCT, and visual field variables were predominantly non-normally distributed. Linear
regression analyses were used to evaluate potential predictors of visual field outcomes.
Variables with p < 0.05 in univariable regression analyses were entered into multivariable
regression models. Multicollinearity in multivariable regression models was assessed using
the variance inflation factor (VIF), and VIF values below 5 were considered acceptable. A
two-sided p-value of <0.05 was considered statistically significant.

Because this was a retrospective study based on available clinical records, an a priori
sample size calculation was not performed before data collection. However, a post hoc
minimum sample size calculation for a five-group comparison using a one-way ANOVA
framework, alpha = 0.05, power = 0.80, and a conservative large effect size (Cohen f = 0.40)
indicated a minimum total sample size of approximately 80 eyes. The present study
included 109 eyes, with 21–23 eyes in each refractive category, exceeding this estimated
minimum sample size for detecting large intergroup effects.

Because age differed significantly among the refractive groups, age-adjusted analyses
were performed for the main structural and functional outcome variables. Analysis of
covariance (ANCOVA) was used to evaluate group differences after adjustment for age,
with group as the fixed factor and age as the covariate. Age-adjusted results were reported
alongside the unadjusted group comparisons where appropriate.

For correlation analyses, spherical equivalent was coded as the absolute magnitude of
myopia severity rather than as signed negative dioptric values; therefore, higher SE values
indicate greater myopia severity. For example, an eye with −6.00 D of spherical equivalent
was analyzed as 6.00 D in correlation analyses.

3. Results
A total of 109 patients (54 males [49.5%] and 55 females [50.5%]) were included in

the study, and only right eyes were analyzed. The participants were categorized into five
groups according to the spherical refractive component recorded in the clinical refraction
data. Group 1 was defined as an emmetropic-to-very-low-myopia reference group, whereas
Groups 2 to 5 represented increasing categories of myopia severity. Group sizes were as
follows: Group 1, n = 22; Group 2, n = 21; Group 3, n = 22; Group 4, n = 21; and Group 5,
n = 23. Descriptively, 4 eyes had simple myopia, 100 eyes had myopic astigmatism, and 5
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eyes had astigmatism-only within the Group 1 reference range. Therefore, the five analytical
groups were based on spherical-component-defined refractive severity, while absolute SE
values and the simple myopia/myopic astigmatism/astigmatism-only categories were
reported descriptively and used where appropriate for correlation analyses.

Intraocular pressure and optic disk parameters were within normal limits in all in-
cluded eyes. The mean intraocular pressure was 14.3 ± 2.1 mmHg, ranging from 10.2 to
18.7 mmHg. The mean vertical cup-to-disk ratio was 0.29 ± 0.06, ranging from 0.18 to 0.44,
and the mean horizontal cup-to-disk ratio was 0.28 ± 0.06, ranging from 0.16 to 0.44. No
eye had ocular hypertension, suspicious glaucomatous optic neuropathy, or a repeatable
glaucomatous visual field defect.

Age distribution differed significantly among the groups (p = 0.006). Spherical equiv-
alent values showed significant differences among all groups (p < 0.001). BCVA values
decreased significantly with increasing myopia (p < 0.001) (Table 1). Because age differed
significantly among groups, age-adjusted analyses were performed for the main structural
and functional outcomes.

Table 1. Baseline demographic and clinical characteristics of the study groups.

Variable Group 1 Group 2 Group 3 Group 4 Group 5 p-Value

n 22 21 22 21 23 —

Sex, female/male 11/11 11/10 11/11 10/11 12/11 0.998

Age (years) 24.5 (18.0–39.0) 27.5 (21.3–40.5) 29.5 (23.3–37.5) 26.5 (18.0–38.4) 30.5 (23.0–42.0) 0.006

Absolute SE (D) 0.62 (0.28–0.75) 2.88 (2.50–3.25) 4.75 (4.16–5.12) 7.88 (7.50–8.25) 10.88 (10.50–11.38) <0.001

Astigmatic refraction (D) 0.50 (0.25–0.50) 0.50 (0.25–1.25) 0.75 (0.56–1.25) 1.25 (1.00–1.50) 2.25 (2.00–2.62) <0.001

BCVA 1.0 (1.0–1.0) 1.0 (1.0–1.0) 1.0 (0.9–1.0) 0.9 (0.9–1.0) 0.8 (0.8–0.8) <0.001

AL (mm) 24.2 (23.7–24.5) 24.4 (23.9–24.9) 25.2 (24.5–25.8) 26.5 (25.7–27.1) 28.9 (28.1–29.6) <0.001

IOP (mmHg) 13.8 (12.6–15.1) 14.6 (11.9–16.1) 14.2 (12.2–15.3) 14.7 (13.3–15.7) 15.1 (13.3–16.9) 0.262

Vertical C/D ratio 0.28 (0.24–0.31) 0.28 (0.25–0.30) 0.29 (0.25–0.33) 0.31 (0.26–0.35) 0.31 (0.29–0.37) 0.064

Values are presented as median (interquartile range) unless otherwise indicated. SE: spherical equivalent; BCVA:
best-corrected visual acuity; AL: axial length. Groups were defined by spherical component: G1 0 to −0.50 D, G2
−1 to −3 D, G3 −3 to −6 D, G4 −6 to −9 D, and G5 ≤ −9 D. Absolute SE = |sphere + 1/2 cylinder|; therefore,
Group 1 absolute SE values ranged from 0.125 to 0.75 D because of mild astigmatism. IOP: intraocular pressure;
C/D: cup-to-disk ratio.

Axial length values increased significantly with increasing myopia (p < 0.001). Median
AL values were 24.2 (23.7–24.5) mm in Group 1, 24.4 (23.9–24.9) mm in Group 2, 25.2
(24.5–25.8) mm in Group 3, 26.5 (25.7–27.1) mm in Group 4, and 28.9 (28.1–29.6) mm in
Group 5 (Table 1). Post hoc analysis demonstrated significant differences between Groups
1 and 3 (p = 0.008), Groups 1 and 4 (p < 0.001), Groups 1 and 5 (p < 0.001), Groups 2 and 4
(p = 0.007), Groups 2 and 5 (p < 0.001), and Groups 3 and 5 (p = 0.008). A strong positive
correlation was observed between the absolute magnitude of SE/myopia severity and AL
values (r = 0.813, p < 0.001).Visual field parameters demonstrated significant differences
among the groups (all p < 0.001). Median VF-CZ values progressively decreased from
25.0 (24.0–26.0) in Group 1 to 12.0 (9.5–13.0) in Group 5, indicating reduced central visual
field sensitivity. Similarly, VF-PZ defect values increased from 1.7 (1.4–2.1) in Group 1
to 9.5 (8.6–11.6) in Group 5. VF-MD values also increased progressively with increasing
myopia. In this dataset, higher VF-PZ, VF-MD, and VF-sLV values indicate worse visual
field function (Table 2).

Correlation analysis was performed using SE coded as the absolute magnitude of
myopia severity. Absolute SE/myopia severity showed a moderate negative correlation
with CRT (r = −0.5398, p < 0.001), whereas the correlation with OCT-NFCT did not reach
statistical significance (r = −0.1885, p = 0.149). Strong negative correlations were observed
between absolute SE/myopia severity and VF-CZ (r = −0.8545, p < 0.001). In contrast,
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strong positive correlations were identified between absolute SE/myopia severity and VF-
PZ (r = 0.8196, p < 0.001), VF-MD (r = 0.8186, p < 0.001), and VF-sLV (r = 0.7606, p < 0.001)
(Table 3).

Table 2. Comparison of visual field parameters among groups.

Variable Group 1 Group 2 Group 3 Group 4 Group 5 p-Value

VF-CZ (dB) 25.0 (24.0–26.0) 24.0 (24.0–25.0) 24.0 (24.0–25.0) 17.5 (17.0–18.8) 12.0 (9.5–13.0) <0.001

VF-PZ (dB) 1.7 (1.4–2.1) 1.9 (1.6–2.5) 2.8 (1.8–4.1) 5.4 (4.4–7.6) 9.5 (8.6–11.6) <0.001

VF-MD (dB) 1.3 (1.2–1.6) 1.9 (1.3–2.4) 3.3 (2.5–4.5) 3.6 (2.6–4.4) 6.8 (4.5–8.4) <0.001

VF-sLV (dB) 1.2 (0.9–2.4) 2.11 (1.10–3.40) 4.10 (2.50–5.40) 3.54 (1.50–6.30) 3.98 (2.20–6.60) <0.001

VF-CZ: visual field central zone sensitivity; VF-PZ: visual field peripheral zone defect value; VF-MD: visual field
mean deviation/defect value; VF-sLV: square root of loss variance. Lower VF-CZ values indicate worse central
sensitivity, whereas higher VF-PZ, VF-MD, and VF-sLV values indicate worse visual field function in this dataset.

Table 3. Correlation analysis between absolute spherical equivalent/myopia severity and structural
and functional parameters.

Variables Spearman Correlation Coefficient (r) p-Value

Absolute SE vs. AL 0.813 <0.001

Absolute SE vs. CRT −0.5398 <0.001

Absolute SE vs. OCT-NFCT −0.1885 0.149

Absolute SE vs. VF-CZ −0.8545 <0.001

Absolute SE vs. VF-PZ 0.8196 <0.001

Absolute SE vs. VF-MD 0.8186 <0.001

Absolute SE vs. VF-sLV 0.7606 <0.001
SE: spherical equivalent; AL: axial length; CRT: central retinal thickness; OCT-NFCT: OCT-derived nerve fiber
layer central thickness. For correlation analyses, SE was coded as the absolute magnitude of myopia severity
rather than as signed negative dioptric values; therefore, higher values indicate greater myopia severity.

OCT parameters also differed significantly among the groups. Median CRT val-
ues were 269.0 (257.0–280.3) µm in Group 1, 272.0 (257.8–283.0) µm in Group 2, 261.0
(244.3–276.5) µm in Group 3, 247.0 (237.0–267.8) µm in Group 4, and 220.0 (198.0–247.3) µm
in Group 5, demonstrating progressive retinal thinning with increasing myopia (p < 0.001).
OCT-NFCT values also showed significant intergroup differences (p = 0.012) (Table 4).

Table 4. Comparison of OCT parameters among groups.

Variable Group 1 Group 2 Group 3 Group 4 Group 5 p-Value

CRT (µm) 269.0
(257.0–280.3)

272.0
(257.8–283.0)

261.0
(244.3–276.5)

247.0
(237.0–267.8)

220.0
(198.0–247.3) <0.001

OCT-NFCT (µm) 12.5 (11.0–15.8) 15.0 (14.0–16.8) 16.0 (14.0–18.8) 13.0 (8.5–15.5) 12.5 (8.5–14.8) 0.012

CRT: central retinal thickness; OCT-NFCT: OCT-derived nerve fiber layer central thickness measured within the
central macular analysis region. OCT-NFCT does not represent conventional average or sectoral peripapillary
RNFL thickness.

Post hoc intergroup analysis demonstrated that statistically significant visual field
alterations were observed at lower degrees of myopia compared with some OCT-derived
structural parameters. Significant differences for VF-CZ, VF-PZ, VF-MD, and VF-sLV
were detected beginning from comparisons involving Groups 1 and 4, whereas CRT and
OCT-NFCT differences became more prominent mainly in comparisons involving Group 5
(Table 5). In this cross-sectional dataset, visual field alterations were detectable in lower-
myopia categories than some OCT-derived structural parameters; however, the temporal
sequence of functional and structural changes cannot be determined.
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Table 5. Significant post hoc intergroup comparisons of structural and functional parameters.

Parameter G1–G4 G1–G5 G2–G4 G2–G5 G3–G4 G3–G5

CRT - p = 0.004 - p < 0.001 - -

OCT-NFCT - p < 0.001 - p < 0.001 - p = 0.039

VF-CZ p < 0.001 p < 0.001 - p < 0.001 p = 0.015 p < 0.001

VF-PZ p < 0.001 p < 0.001 p = 0.033 p < 0.001 p = 0.020 p < 0.001

VF-MD p < 0.001 p < 0.001 p = 0.010 p < 0.001 - p < 0.001

VF-sLV p = 0.004 - p = 0.003 p < 0.001 - p < 0.001
Only statistically significant post hoc comparisons are shown. Reported p-values are multiple-comparison-
adjusted p-values obtained using the appropriate post hoc procedure. Dashes indicate non-significant
adjusted comparisons.

Univariable regression analyses were performed to evaluate potential predictors of
visual field outcomes, including age, BCVA, AL, SE, CRT, OCT-NFCT, and sex. Age, BCVA,
AL, and SE were significantly associated with both VF-CZ and VF-MD. CRT, OCT-NFCT,
and sex were not significantly associated with either VF-CZ or VF-MD in univariable
analyses, although OCT-NFCT showed a borderline but non-significant association with
VF-CZ (β = 0.212, p = 0.079).

Variables that were statistically significant in univariable analyses were included in
the multivariable regression models. In the final model for VF-CZ, BCVA (β = 13.726,
p < 0.001), AL (β = −0.570, p = 0.001), and SE (β = −0.859, p < 0.001) remained independent
predictors, whereas age was no longer statistically significant. In the final model for VF-MD,
age (β = 0.047, p = 0.003) and SE (β = 0.539, p < 0.001) remained significant independent
predictors, whereas BCVA and AL were not independently associated with VF-MD after
adjustment (Table 6). These findings indicate that visual field impairment is influenced
by refractive severity and selected optical/functional factors and therefore should not
be interpreted solely as an isolated effect of axial elongation. Although SE and AL were
strongly related, multicollinearity assessment demonstrated no severe multicollinearity in
the final models, with all VIF values below 5 and a maximum VIF of 3.31.

To improve readability and to visually summarize the relationship between axial
length and key structural and functional parameters were presented in Figure 1.

Figure 1. Relationship between axial length and key structural and functional parameters. (A) shows
the relationship between axial length (AL) and central retinal thickness (CRT). (B) shows the rela-
tionship between AL and visual field central zone sensitivity (VF-CZ). (C) shows the relationship
between AL and visual field mean deviation/defect value (VF-MD). The blue line represents the
fitted linear regression line.

https://doi.org/10.3390/jcm15135094

https://doi.org/10.3390/jcm15135094


J. Clin. Med. 2026, 15, 5094 9 of 13

Table 6. Univariable and multivariable regression analyses for visual field outcomes.

Dependent Variable Analysis Predictor β Coefficient p-Value

VF-CZ Univariable Age −0.205 <0.001

VF-CZ Univariable BCVA 46.590 <0.001

VF-CZ Univariable AL −2.227 <0.001

VF-CZ Univariable SE −1.255 <0.001

VF-CZ Univariable CRT −0.010 0.161

VF-CZ Univariable OCT-NFCT 0.212 0.079

VF-CZ Univariable Male sex 0.308 0.761

VF-CZ Multivariable Age 0.042 0.066

VF-CZ Multivariable BCVA 13.726 <0.001

VF-CZ Multivariable AL −0.570 0.001

VF-CZ Multivariable SE −0.859 <0.001

VF-MD Univariable Age 0.121 <0.001

VF-MD Univariable BCVA −16.549 <0.001

VF-MD Univariable AL 0.753 <0.001

VF-MD Univariable SE 0.515 <0.001

VF-MD Univariable CRT 0.003 0.419

VF-MD Univariable OCT-NFCT −0.011 0.849

VF-MD Univariable Male sex −0.175 0.707

VF-MD Multivariable Age 0.047 0.003

VF-MD Multivariable BCVA 0.600 0.790

VF-MD Multivariable AL −0.171 0.128

VF-MD Multivariable SE 0.539 <0.001
VF-CZ: visual field central zone sensitivity; VF-MD: visual field mean deviation/defect value; BCVA: best-
corrected visual acuity; AL: axial length; SE: spherical equivalent, expressed as the absolute magnitude of myopia
severity; CRT: central retinal thickness; OCT-NFCT: OCT-derived nerve fiber layer central thickness. Variables
with p < 0.05 in univariable regression analyses were entered into the multivariable regression model. OCT-NFCT
was evaluated in univariable analyses but was not included in the final multivariable models because it did not
reach statistical significance. Multicollinearity was assessed using VIF; all VIF values in the final models were
below 5.

4. Discussion
The present study evaluated both structural and functional retinal changes in myopic

patients without clinically detectable degenerative fundus findings by integrating OCT
segmentation analysis and visual field sensitivity measurements. The findings demonstrate
that increasing myopia is associated with significant alterations in retinal thickness parame-
ters as well as measurable reductions in visual field sensitivity, even in the absence of overt
pathological changes.

Myopia is known to be associated with axial elongation and biomechanical stretching
of ocular tissues, which may lead to progressive thinning of retinal layers. Previous
studies have shown that even in non-pathological myopia, subtle structural changes may
occur in the retina and RNFL, which may occur before or without clinically detectable
degeneration [9,10]. In addition to previous studies, our research evaluated OCT-NFCT
and visual field test data together, integrating both structural and functional outcomes
across patient groups. This combined assessment may provide valuable insight into the
potential role of integrated diagnostic modalities in clinical follow-up.
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In line with these findings, our study demonstrated a significant decrease in CRT
with increasing myopia, accompanied by a moderate-to-strong negative correlation with
absolute SE/myopia severity. These findings support the concept that axial elongation-
related retinal stretching leads to measurable structural alterations. Similarly, OCT-NFCT
showed a decreasing trend with increasing myopia. However, although a negative corre-
lation was observed, this relationship did not reach statistical significance. This finding
may suggest that OCT-derived nerve fiber layer central thickness changes in early or
moderate myopia are less pronounced or more variable compared with total retinal thick-
ness. Previous studies using ocular imaging modalities have reported conflicting results
regarding nerve fiber layer measurements in myopia, possibly depending on axial length,
measurement region, and imaging/acquisition protocol [13–15].

Several mechanisms have been proposed to explain nerve fiber layer alterations in
myopic eyes. Myopia leads to elongation of the axial length of the eye, resulting in
mechanical stretching and subsequent thinning of retinal neural layers. In addition, myopic
retinal degeneration may further contribute to nerve fiber layer changes. Furthermore,
increased axial length may affect the sensitivity and measurement accuracy of OCT devices,
potentially leading to artifacts in nerve fiber layer thickness assessment.

In addition to structural changes, our study revealed significant functional impairment
in visual field parameters. VF-CZ showed a strong negative correlation with increasing
myopia, whereas VF-PZ demonstrated a strong positive correlation. These findings indicate
that retinal sensitivity decreases centrally while peripheral visual field defects become more
prominent as myopia progresses. Notably, these alterations were observed despite the
absence of clinically detectable retinal pathology, highlighting the presence of subclinical
functional impairment.

Global visual field indices such as MD and sLV demonstrated strong positive correla-
tions with myopia severity. Increased MD values reflect generalized depression of retinal
sensitivity, while elevated sLV values indicate increased variability and localized defects.
These findings suggest that myopia is associated with both diffuse and focal functional
impairment in the visual field. The relationship between structural and functional findings
is particularly important. The observed reduction in retinal thickness alongside decreased
visual field sensitivity supports the hypothesis that structural alterations in retinal layers
may underlie functional deficits. OCT provides quantitative assessment of retinal morphol-
ogy, while perimetry reflects functional output of the visual pathway; therefore, combining
these modalities offers a comprehensive evaluation of retinal integrity.

In the present study, multivariable regression analysis showed that AL remained inde-
pendently associated with VF-CZ, whereas absolute SE remained independently associated
with both VF-CZ and VF-MD. In contrast, CRT and OCT-NFCT were not independent
predictors of visual field outcomes after adjustment. These findings suggest that visual
field impairment in myopic eyes is influenced by refractive severity, axial elongation, and
selected optical/functional factors, and should not be interpreted solely as an isolated effect
of retinal thickness alterations. Axial elongation and increasing refractive severity may
be associated with diffuse neuroretinal stress and retinal sensitivity changes even when
measurable OCT-derived thinning is not prominent. This observation further supports the
concept that visual field alterations may be detectable even when OCT-derived structural
changes are less pronounced in clinically normal myopic eyes.

Several studies have demonstrated that increased axial length, one of the primary
underlying mechanisms of myopia, may also occur in glaucomatous eyes. Moreover,
previous reports have shown that in eyes with clinical or subclinical glaucoma, increased
axial length is associated with a higher prevalence of artifacts and alterations in both visual
field and OCT measurements [16]. It is important to determine whether detected defects are
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attributable to glaucoma or represent a consequence of increased axial length. The findings
of our study suggest that longitudinal follow-up of early visual field and OCT parameters
may aid in the clinical differentiation of pathologies such as glaucoma over time.

Interestingly, the results of this study suggest that functional impairment may be
detectable even in the absence of marked structural loss in certain parameters such as OCT-
NFCT. This finding may indicate that functional testing, particularly visual field analysis,
may provide complementary functional information regarding retinal involvement in
myopia. Previous studies have suggested that structural and functional changes may not
always occur in parallel in certain ocular conditions [12,17].

In addition, the observation that visual field abnormalities were detectable in lower-
myopia categories than some OCT-derived structural parameters suggests potential clinical
value in combined functional and structural follow-up. Because the present study was cross-
sectional, these findings should not be interpreted as evidence that functional impairment
temporally precedes structural change.

This study has several limitations that should be acknowledged. First, the retrospective
design may introduce selection bias and limit the ability to establish causal relationships.
Second, the sample size, although adequate, may not fully represent all subgroups of
myopia, particularly extreme high myopia. Third, although visual field testing was carefully
controlled, perimetry is inherently subjective and may be influenced by patient cooperation,
fatigue, learning effects, fixation stability, optical correction, pupil size, and magnification-
related factors, particularly in high myopia. Although repeated visual field examinations
and reliability criteria were used to minimize these effects, residual optical or test-related
confounding cannot be completely excluded. Fourth, BCVA was recorded and analyzed as
decimal Snellen visual acuity values; although this reflects the clinical data format available
in the retrospective records, logMAR transformation would provide a more appropriate
scale for statistical modeling and should be considered in future prospective analyses. In
particular, the marked reduction in visual field sensitivity observed in the highest myopia
group should be interpreted cautiously, as high-myopia-related optical factors such as trial
lens effects, lens rim artifact, reduced BCVA, pupil-related factors, and optical defocus
may contribute to apparent field loss despite reliability screening. In addition, because
no additional axial length-related OCT magnification correction was applied, apparent
differences in CRT or OCT-NFCT may partly reflect ocular magnification or scaling artifacts,
especially in eyes with longer axial length. Finally, although intraocular pressure and cup-
to-disk ratio values were within normal limits in all included eyes, optic disk evaluation
was based on retrospective clinical records rather than standardized prospective optic
disk photography.

5. Conclusions
Increasing myopia is associated with significant structural and functional retinal

changes, even in the absence of clinically detectable degenerative findings. Central retinal
thickness decreases with higher myopia, while visual field sensitivity shows a marked
decline in both central and peripheral regions. The associations between myopia severity
and visual field indices suggest that functional alterations may be detectable even when
OCT-derived structural changes are less pronounced; however, longitudinal studies are
required to determine temporal sequence. These findings highlight the importance of com-
bined OCT and visual field assessment in the early detection and monitoring of subclinical
retinal involvement in myopic patients.

https://doi.org/10.3390/jcm15135094

https://doi.org/10.3390/jcm15135094


J. Clin. Med. 2026, 15, 5094 12 of 13

Author Contributions: Conceptualization, E.O. and K.E.; methodology, E.O. and K.E.; formal
analysis, E.O.; investigation, E.O.; data curation, E.O.; writing—original draft preparation, E.O.;
writing—review and editing, E.O. and K.E.; supervision, K.E. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Erciyes University Clinical Research Ethics Committee (Approval
No: 2022/206; Approval Date: 9 February 2022).

Informed Consent Statement: Informed consent was obtained from all participants included in the
study. Written informed consent for participation was distributed to and signed by all participants
included in the study. The informed consent form was provided in Turkish, the local language of the
study population, and also covered the use of anonymized clinical data for research purposes.

Data Availability Statement: The data supporting the findings of this study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Morgan, I.G.; Ohno-Matsui, K.; Saw, S.M. Myopia. Lancet 2012, 379, 1739–1748. [CrossRef] [PubMed]
2. Saw, S.M.; Katz, J.; Schein, O.D.; Chew, S.J.; Chan, T.K. Epidemiology of myopia. Epidemiol. Rev. 1996, 18, 175–187. [CrossRef]

[PubMed]
3. Holden, B.A.; Fricke, T.R.; Wilson, D.A.; Jong, M.; Naidoo, K.S.; Sankaridurg, P.; Wong, T.Y.; Naduvilath, T.; Resnikoff, S. Global

prevalence of myopia and high myopia and temporal trends from 2000 through 2050. Ophthalmology 2016, 123, 1036–1042.
[CrossRef] [PubMed]

4. Liou, S.W.; Chiu, C.J. Myopia and contrast sensitivity function. Curr. Eye Res. 2001, 22, 81–84. [CrossRef] [PubMed]
5. Poudel, S.; Jin, J.; Rahimi-Nasrabadi, H.; Dellostritto, S.; Dul, M.W.; Viswanathan, S.; Alonso, J.M. Contrast sensitivity of ON and

OFF human retinal pathways in myopia. J. Neurosci. 2024, 44, e1487232023. [PubMed]
6. Jeong, Y.; Kim, Y.K.; Jeoung, J.W.; Park, K.H. Comparison of optical coherence tomography structural parameters for diagnosis of

glaucoma in high myopia. JAMA Ophthalmol. 2023, 141, 631–639. [CrossRef] [PubMed]
7. Zemborain, Z.Z.; Jarukasetphon, R.; Tsamis, E.; De Moraes, C.G.; Ritch, R.; Hood, D.C. Optical coherence tomography can be used

to assess glaucomatous optic nerve damage in most eyes with high myopia. J. Glaucoma 2020, 29, 833–845. [CrossRef] [PubMed]
8. Lee, J.; Park, C.K.; Jung, K.I. Characteristics of progressive temporal visual field defects in patients with myopia. Sci. Rep. 2021,

11, 9385. [CrossRef] [PubMed]
9. Sun, J.; Wang, J.; Wang, Y. Correlation between optic disc deformation and retinal vasculature in non-pathological high myopia.

Exp. Ther. Med. 2021, 21, 380. [PubMed]
10. Yaprak, A.C.; Yaprak, L. Retinal microvasculature and optic disc alterations in non-pathological high myopia with optical

coherence tomography angiography. Graefes Arch. Clin. Exp. Ophthalmol. 2021, 259, 3221–3227. [CrossRef] [PubMed]
11. Porwal, S.; Nithyanandam, S.; Joseph, M.; Vasnaik, A.K. Correlation of axial length and peripapillary retinal nerve fiber layer

thickness measured by Cirrus HD optical coherence tomography in myopes. Indian J. Ophthalmol. 2020, 68, 1584–1586. [CrossRef]
[PubMed]

12. Quiroz-Reyes, M.A.; Quiroz-Gonzalez, E.A.; Quiroz-Gonzalez, M.A.; Lima-Gomez, V. Comprehensive assessment of glaucoma
in patients with high myopia: A systematic review and meta-analysis with a discussion of structural and functional imaging
modalities. Int. Ophthalmol. 2024, 44, 405. [CrossRef] [PubMed]

13. Kremmer, S.; Zadow, T.; Steuhl, K.P.; Selback, J.M. Scanning laser polarimetry in myopic and hyperopic subjects. Graefe’s Arch.
Clin. Exp. Ophthalmol. 2004, 242, 489–494. [CrossRef]

14. Leung, C.K.; Mohamed, S.; Leung, K.S.; Cheung, C.Y.-L.; Chan, S.L.-W.; Cheng, D.K.-Y.; Lee, A.K.-C.; Leung, G.Y.-O.; Rao, S.K.;
Lam, D.S.C. Retinal nerve fiber layer measurements in myopia: An optical coherence tomography study. Investig. Ophthalmol. Vis.
Sci. 2006, 47, 5171–5176. [CrossRef]

15. Rauscher, F.M.; Sekhon, N.; Feuer, W.J.; Budenz, D.L. Myopia affects retinal nerve fiber layer measurements as determined by
optical coherence tomography. J. Glaucoma 2009, 18, 501–505. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm15135094

https://doi.org/10.1016/s0140-6736(12)60272-4
https://www.ncbi.nlm.nih.gov/pubmed/22559900
https://doi.org/10.1093/oxfordjournals.epirev.a017924
https://www.ncbi.nlm.nih.gov/pubmed/9021311
https://doi.org/10.1016/j.ophtha.2016.01.006
https://www.ncbi.nlm.nih.gov/pubmed/26875007
https://doi.org/10.1076/ceyr.22.2.81.5530
https://www.ncbi.nlm.nih.gov/pubmed/11402383
https://www.ncbi.nlm.nih.gov/pubmed/38050109
https://doi.org/10.1001/jamaophthalmol.2023.1717
https://www.ncbi.nlm.nih.gov/pubmed/37200038
https://doi.org/10.1097/ijg.0000000000001631
https://www.ncbi.nlm.nih.gov/pubmed/33006872
https://doi.org/10.1038/s41598-021-88832-1
https://www.ncbi.nlm.nih.gov/pubmed/33931682
https://www.ncbi.nlm.nih.gov/pubmed/33680102
https://doi.org/10.1007/s00417-021-05216-x
https://www.ncbi.nlm.nih.gov/pubmed/33961111
https://doi.org/10.4103/ijo.ijo_1778_19
https://www.ncbi.nlm.nih.gov/pubmed/32709782
https://doi.org/10.1007/s10792-024-03321-4
https://www.ncbi.nlm.nih.gov/pubmed/39392516
https://doi.org/10.1007/s00417-004-0859-1
https://doi.org/10.1167/iovs.06-0545
https://doi.org/10.1097/ijg.0b013e318193c2be
https://www.ncbi.nlm.nih.gov/pubmed/19745664
https://doi.org/10.3390/jcm15135094


J. Clin. Med. 2026, 15, 5094 13 of 13

16. Perkins, E.S.; Phelps, C.D. Open angle glaucoma, ocular hypertension, low-tension glaucoma, and refraction. Arch. Ophthalmol.
1982, 100, 1464–1467. [CrossRef] [PubMed]

17. Biswas, S.; Biswas, P. Longitudinal evaluation of the structural and functional changes associated with glaucoma in myopia.
Optom. Vis. Sci. 2020, 97, 448–456. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm15135094

https://doi.org/10.1001/archopht.1982.01030040442015
https://www.ncbi.nlm.nih.gov/pubmed/7115175
https://doi.org/10.1097/opx.0000000000001519
https://www.ncbi.nlm.nih.gov/pubmed/32511167
https://doi.org/10.3390/jcm15135094

	Introduction 
	Materials and Methods 
	Study Design and Ethical Approval 
	Participants 
	Inclusion and Exclusion Criteria 
	Grouping of Patients 
	Axial Length Measurement 
	Optical Coherence Tomography Analysis 
	Visual Field Testing 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

