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Abstract

Objectives: This study aimed to assess and compare retinal nerve fibre layer (RNFL) and ganglion cell layer (GCL) thick-
ness in migraine patients versus controls and to analyze differences between chronic and episodic migraine.

Methods: A cross-sectional, case-control study was conducted from June 2022 to December 2023. A total of 100 mi-
graine patients (33 chronic, 67 episodic) and 102 controls underwent detailed ocular evaluation using OCT. RNFL and
GCL parameters were compared between cases and controls using an independent t-test. Paired t-tests assessed differ-
ences between chronic and episodic migraine, as well as between the right and left eyes.

Results: Photophobia (90%) and ocular pain (85%) were the most common symptoms. Migraine patients showed a
significant reduction in average (106 um), superior (129 pm), and nasal (80 pm) RNFL thickness compared to controls.
Chronic migraine patients exhibited significant thinning in the temporal (67 pm) and nasal (72 pm) RNFL quadrants and
superotemporal (67 um) and superonasal (70 pm) GCL quadrants in the right eye. Episodic migraine patients had reduced
superotemporal GCL thickness (71 pm) in the left eye.

Conclusion: The retinal nerve fibre layer (RNFL) and ganglion cell layer (GCL) thickness is reduced in chronic and epi-
sodic type of migraine patients. Hence, ophthalmologists should consider the potential impact of migraine headaches on
the thickness of RNFL and GCL.
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Original Article /

Two principal theories have been proposed to explain

Migraine is a common primary headache disorder typically char-
acterised by recurrent episodes of unilateral, throbbing head
pain, often accompanied by nausea, photophobia and, in some
patients, visual or sensory aura. These attacks usually last from
4 to 72 hours and are classified as episodic when they occur on
fewer than |5 days per month and chronic when they occur on
I5 or more days per month for more than three months.

the pathophysiology of migraine. The vascular theory sug-
gests that intracranial vasoconstriction causing transient
cerebral ischemia is followed by vasodilation, which con-
tributes to aura and headache. In contrast, the neurovas-
cular theory posits that migraine is primarily a neurogenic
process, with cortical and brainstem neuronal dysfunction
leading to secondary alterations in cerebral perfusion (I).
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Neuroimaging and electrophysiological studies have report-
ed structural and functional changes in the occipital cortex
and other brain regions in patients with recurrent migraine,
suggesting that repeated attacks may be associated with cu-
mulative neural alterations over time (2).

Because the eye and brain are anatomically and function-
ally connected via the optic nerve, there has been growing
interest in whether migraine-related central changes are ac-
companied by subtle structural changes in the retina. Op-
tical coherence tomography (OCT) allows high-resolution,
non-invasive measurement of the retinal nerve fiber layer
(RNFL) and ganglion cell layer (GCL), which reflect the ax-
ons and cell bodies of retinal ganglion cells, respectively (3).
Several studies have reported reduced RNFL and GCL thick-
ness in some groups of migraine patients, particularly those
with frequent or long-standing disease, raising the possibility
of a neurodegenerative component or shared microvascu-
lar vulnerability. However, the exact mechanisms linking mi-
graine and retinal structural changes remain uncertain, and
OCT findings have not been consistent across all studies (3).

On this background, we hypothesised that migraine pa-
tients may show subtle alterations in RNFL and GCL thick-
ness compared with healthy individuals, and that patients
with chronic migraine might exhibit more pronounced
changes than those with episodic migraine due to higher at-
tack frequency. The aim of this study was therefore to use
spectral-domain OCT (SD-OCT) to assess RNFL and GCL
thickness in patients with migraine compared with matched
controls, and to explore differences between chronic and
episodic migraine.

Methods

Study Design and Setting

We conducted a cross-sectional, observational case—control
study at a tertiary care hospital in Bangalore, India, from
June 2022 to December 2023. The study protocol was ap-
proved by the institutional review board on 22 September
2022 (No: MSRMC/EC/PG-97/07-2022), and all procedures
adhered to the tenets of the Declaration of Helsinki. Writ-
ten informed consent was obtained from all participants in
their vernacular language before enrolment.

Participants

Patients aged 18—60 years with a diagnosis of episodic or
chronic migraine according to the International Classification
of Headache Disorders, 3rd edition (ICHD-3), and under
follow-up with the Neurology department, were eligible for
inclusion (4). Patients were referred to the Ophthalmology
department for detailed ocular evaluation and OCT imag-
ing. Age- and sex-matched controls without a history of mi-
graine or other primary headache disorders were recruited

from individuals attending the hospital for routine eye ex-
amination.

We excluded participants with evidence of glaucomatous
optic nerve head changes (cup—disc ratio >0.5) or intraocular
pressure >20 mmHg, as these conditions can independently
affect RNFL thickness. Individuals with systemic diseases such
as hypertension, diabetes mellitus, or neurological disorders
including Parkinson’s disease and Alzheimer’s disease were
also excluded. Ocular conditions that could influence RNFL
or GCL measurements, such as optic atrophy, retinal detach-
ment or other significant retinal pathology, were additional
exclusion criteria. Pregnant individuals were not enrolled.

Clinical Assessment

For all migraine patients, a detailed history was obtained,
including duration of illness and frequency of attacks per
month; based on this information, cases were classified as
episodic or chronic migraine according to ICHD-3 criteria.
Associated symptoms such as photophobia, visual aura, scin-
tillating scotoma and curtain-like visual disturbance were
recorded, along with whether these symptoms subsided
with treatment. Neuroimaging with computed tomography
(CT) or magnetic resonance imaging (MRI) was performed
in most cases to rule out secondary causes of headache and
to document presence of white matter lesions.

All cases and controls underwent a comprehensive oph-
thalmic examination. Best-corrected visual acuity (BCVA)
was assessed using standard refraction techniques. Anteri-
or segment evaluation was performed with slit-lamp biomi-
croscopy, and fundus examination was conducted by indirect
ophthalmoscopy with a +90 D lens. Intraocular pressure was
measured using Goldmann applanation tonometry.

OCT Imaging

Spectral-domain OCT (SD-OCT) was used to obtain
three-dimensional scans of both eyes in all participants. Av-
erage RNFL thickness and quadrant-specific RNFL thickness
(superior, inferior, nasal, temporal) were recorded for each
eye. For the GCL, thickness values were obtained in pre-
defined macular sectors, including superior, superotemporal,
superonasal, inferior, inferotemporal and inferonasal quad-
rants. Scans with a signal strength <6 were considered to be
of poor quality and were excluded from analysis.

Sample Size

The sample size was calculated based on data from a pre-
vious study by Gipponi et al., which reported mean RNFL
thickness of |11.27 um (standard deviation [SD] 9.77) in
controls and 107.64 pm (SD 8.49) in migraine cases. Assum-
ing a 95% confidence level, 80% power and these mean and
SD values, the minimum required sample size was estimated
as 100 subjects in each group. We therefore aimed to recruit
at least 100 migraine patients and 100 controls.
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Statistical Analysis

Data were analysed using SPSS for Windows, Version 16.0
(SPSS Inc., Chicago, IL, USA). Qualitative variables, such as
sex, were expressed as frequencies and percentages, and
quantitative variables, including age and OCT parameters
(RNFL and GCL thickness), were presented as mean * SD.
An independent Student’s t-test was used to compare RNFL
and GCL parameters between migraine cases and controls.
A paired t-test was employed to compare right and left eyes
within the migraine group and to assess differences between
chronic and episodic migraine. An independent t-test was
also used to compare OCT parameters between male and
female patients. A p-value <0.05 was considered statistically
significant.

Results

Study Population

A total of 202 participants were included, comprising 100
migraine patients (200 eyes) and 102 controls (204 eyes).
The mean age of the study population was 34.58 *+ 8.56
years (range 18-56 years), with most individuals (49.5%)
falling in the 28-38-year age group (Table |). Among the mi-
graine cases, |7 (17%) were male and 83 (83%) were female;
in the control group, 25 (24.5%) were male and 77 (75.5%)
were female, and the two groups were comparable in age
and sex distribution.

Of the 100 migraine patients, 33 (33%) had chronic mi-
graine and 67 (67%) had episodic migraine. Photophobia was
the most common associated symptom, reported by 90%
of patients, followed by ocular pain in 85%. Only five pa-
tients reported visual aura; among these, two experienced

Table |. Age distribution

Age (years) Number of patients

8- 28 47 (23%)
28-38 100 (49.5%)
38-48 38 (18.8%)
48-56 17 (8.41%)

scintillating scotoma and three reported a curtain-like visual
disturbance. BCVA was 6/6 in both eyes for all cases and
controls, and no anterior or posterior segment pathology
was identified on clinical examination. Neuroimaging identi-
fied white matter lesions in 2 of 100 migraine patients; other
causes for such lesions were excluded from these individuals.

RNFL Thickness: Migraine vs Controls

Comparison of OCT RNFL parameters between migraine
cases and controls showed a statistically significant reduction
in several measures in the right eye of migraine patients. Spe-
cifically, average RNFL thickness (mean 106 pm), superior
quadrant thickness (mean 129 pm) and nasal quadrant thick-
ness (mean 80 pm) were all significantly lower in the right
eyes of migraine patients compared with controls (p=0.01,
p=0.01 and p=0.03, respectively). No statistically significant
differences in RNFL thickness were observed in the left eye
between cases and controls. (Table 2)

GCL Thickness: Migraine vs Controls

When GCL parameters were compared between cases and
controls, there was no statistically significant difference in
any quadrant in either eye. Mean GCL thickness values in
all sectors of the right and left eyes were broadly similar
between migraine patients and controls, and p-values were
>0.05 across all comparisons. (Table 3)

Subgroup Analysis: Chronic vs Episodic Migraine
In the subgroup analysis, we compared RNFL and GCL
thickness between chronic and episodic migraine patients.
For the GCL, patients with chronic migraine demonstrat-
ed a significant reduction in superotemporal (mean 67 um)
and superonasal (mean 70.7 pm) quadrants of the right eye
compared with episodic migraine patients (p<0.05 for both)
(Fig. 1. Conversely, in the left eye, episodic migraine patients
showed a significant reduction in superotemporal GCL thick-
ness (mean 79.7 pm vs 71.1 pm, p=0.01) compared with
chronic migraine patients (Fig. 2). This pattern resulted in an
inconclusive picture with respect to laterality.

For RNFL parameters, chronic migraine patients had sig-
nificantly reduced temporal (mean 67.2 pm) and nasal (mean
78.2 pm) quadrant thickness in the right eye compared with

Table 2. Comparison of Retinal Nerve Fibre Layer (RNFL) thickness in cases and controls

Right eye Left eye
Variable P
Case Mean +/- SD Control Mean+/-SD Case Mean+/-SD Control Mean+/-SD
OCT RNFL average thickness 106.2 +/- 10.5 I11.7+4/- 12 0.0l 100.41+/- 15.35 99.77+/- 19.56 0.79
OCT RNFL Superior 129.7+/- 1.68 135.65+/- 2.137 0.0l 127.81+/- 22.64 120.54+/- 32.31 0.06
OCT RNFL Inferior 131.15 +/-25.25 127.38 +/- 20.64 0.24 129.96+/- 21.82 133.35+/- 30.85 0.36
OCT RNFL Temporal 71.23 +/-1.85 68.05 +/- 14.06 0.17 71.12+/- 14.87 67.32+/- 14.93 0.067
OCT RNFL Nasal 86.74 +/-21.84 90.83 +/- 17.77 0.03 76.01+/- 17.56 80.18+/- 24.75 0.17
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Table 3. Ganglion Cell Layer (GCL) thickness of cases and controls
Right eye Left eye

Variable P

Case Mean +/- SD Control Mean +/- SD Case Mean+/-SD Control Mean +/- SD
OCT GCL superior 70.73 +/-10.01 74.26 +/- 16.52 0.07 70.94+/- 6.25 74.00+/- 18.39 0.11
OCT GCL Superior temporal 70.24+/-7.93 71.43+/- 14.03 0.46 73.50+/- 15.65 73.55+/- 19.81 0.98
OCT GCL Superior nasal 74.95+/-12.99 77.14 +/- 14.79 0.26 73.70+/- 5.96 74.60+/- 17.14 0.62
OCT GCL Inferior 68.94 +/- 9.86 71.17+/- 14.23 0.19 67.89+/- 6.83 71.53+/-17.86 0.58
OCT GCL Inferior temporal 71.17 +/- 14.23 72.85 +/-7.93 0.42 71.44+/-9.21 72.20+/- 16.93 0.69
OCT GCL inferior nasal 74.56+/- 19.93 74.06+/- 10.01 0.12 73.24+/- 6.23 75.97+/- 16.48 0.12

episodic migraine patients (p<0.01 for both). No significant
differences in average, superior or inferior RNFL thickness
were observed between chronic and episodic migraine in ei-
ther eye. (Fig. 3)

The GCL and RNFL thickness of the two types of mi-
graine patients are presented (Tables 4; Table 5)

Discussion

In this cross-sectional case—control study, we evaluated
RNFL and GCL thickness in 100 migraine patients and 102
controls using SD-OCT. We found a significant reduction
in average, superior and nasal RNFL thickness in the right
eyes of migraine patients compared with controls, where-
as left-eye RNFL and overall GCL thickness did not differ
significantly between groups. In subgroup analyses, chron-
ic migraine patients showed thinning of temporal and nasal

RNFL quadrants and superotemporal and superonasal GCL
quadrants in the right eye compared with episodic migraine,
while episodic migraine patients had reduced superotempo-
ral GCL thickness in the left eye, yielding an inconclusive
picture regarding laterality.

According to the Global Burden of Disease (GBD) 2019
data, migraine is more common in females, particularly wom-
en of child-bearing age (1549 years), among whom annual
prevalence rates range between 21% and 28% (5). In our
case—control cohort, migraine was similarly more prevalent
in females (83%), and the mean age was 34 years, with most
patients in the 28-38-year group, consistent with previous
epidemiological studies (6,7). Chronic migraine accounts for
a smaller proportion of all migraine cases; population-based
data indicate |-year prevalences of episodic migraine of
[7.1% in women and 5.6% in men, compared with 1.3% and
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Figure 2. Left eye OCT GCL report case number 39 with episodic migraine patient showing a reduc-
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0.5% for chronic migraine, respectively (8). In line with these
figures, episodic migraine was more frequent than chronic
migraine in our sample (67% vs 33%).

Photophobia and ocular pain were the most common
associated symptoms in our patients (90% and 85%, respec-
tively), a pattern that agrees with prior reports (5,6). Visu-

al aura was relatively uncommon; only five patients expe-
rienced aura, whereas some studies (for example, Go Lee
et al. and Costa et al.) have described visual aura in up to
90% of their migraine cohorts (6,7). Among the few patients
with aura in our study, curtain-like phenomena and scintillat-
ing scotoma were observed, which differs from other series
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Figure 3. Right eye OCT RNFL report of case number 42 with chronic migraine showing reduced
thickness in the nasal quadrant.
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Table 4. Ganglion Cell Layer (GCL) thickness of chronic and episodic migraine patients

Right eye Left eye
Variable P
Chronic Mean +/- SD Episodic Mean +/- SD Chronic Mean+/-SD Episodic Mean +/- SD
OCT GCL superior 68.75 +/-9.13 71.50+/- 10.29 0.22 70.36+/- 6.22 71.17+/- 6.29 0.56
OCT GCL Superior temporal 67.50+/- 6.64 71.31+4/-8.17 0.03 79.71+/- 26.60 71.08+/-7.17 0.01
OCT GCL Superior nasal 70.71 +/- 8.00 76.60 +/- 14.18 0.04 73.21+/- 6.58 73.89+/- 5.74 0.61
OCT GCL Inferior 67.43 +/- 4.01 69.53+/- 11.32 0.34 69.64+/- 4.77 67.21+/-7.39 0.11
OCT GCL Inferior temporal 72.79 +/- 529 72.88 +/- 8.78 0.96 72.14+/- 5.08 71.17+/- 10.41 0.64
OCT GCL inferior nasal 72.71+/- 6.42 74.58+/- 11.09 0.41 74.11+/-7.54 72.90+/- 5.68 0.39
Table 5. Comparison of Retinal Nerve Fibre Layer (RNFL) thickness between chronic and episodic migraine patients
Right eye Left eye
Variable P
Chronic Mean+/- SD Episodic Mean+/-SD Chronic Mean+/-SD Episodic Mean+/-SD
OCT RNFL average thickness 106.07 +/- 10.72 106.28 +/- 10.55 0.9 98+/- 16.66 101.35+/- 14.82 0.33
OCT RNFL Superior 128.11+/- 16.75 130.44+/- 16.95 0.5 120.96+/- 26.09 130.99+/- 20.37 0.06
OCT RNFL Inferior 136.89 +/- 17.97 128.92 +/- 27.35 0.1 129.79+/- 21 130.03+/- 22 0.96
OCT RNFL Temporal 67.18+/-27.9 81.04 +/-11.08 0.01 74.04+/- 6.22 69.9+/- 6.30 0.22
OCT RNFL Nasal 7821 +/-11.08 90.06 +/- 24.11 0.01 72.39+/- 9.8 77.42+/- 19.6 0.21

where scintillating scotoma and blurry vision were more fre-
quently reported (9,10). Because only five patients had aura,
our study was underpowered to analyse RNFL and GCL
changes specifically in migraine with aura.

Previous OCT studies have reported that migraine, espe-
cially migraine with aura, may be associated with thinning of
RNFL and GCL compared with controls (I I,12). Labib et al. and
Kanar et al. found greater reductions in RNFL and GCL thick-
ness in patients with aura than in those without aura, which has
been attributed to repeated episodes of cerebral hypoperfusion
in the posterior cerebral circulation during attacks (11,12). In
our study, the number of aura patients was too small to permit
a separate analysis, and our overall case—control comparison
did not show a significant difference in GCL thickness between
migraine and controls. Our findings therefore suggest that, in an
unselected migraine population with predominantly non-aura
migraine, GCL changes may be subtle or absent, whereas RNFL
changes may be more readily detectable.

Ischemic changes in the central nervous system of mi-
graine patients can present as white matter hyperintensi-
ties (WMHSs) on MRI (13). These lesions are not specific
to migraine and may also be related to hypertension, stroke
and other vascular conditions (I3). In our cohort, only two
patients had WMHs after other causes had been excluded,
and we could not establish a correlation between WMHs
and RNFL or GCL thickness due to the very small numbers.
This is consistent with studies that have not found a clear
association between WMHs and retinal structural changes in

migraine (13). Thus, while both WMHs and retinal thinning
may reflect microvascular or neurovascular involvement, our
data do not support a direct one-to-one relationship.

Yuan et al. have reported rare cases of retinal ischemic
changes, such as cotton wool spots, in migraine patients
(14). However, in our study and in most published series,
clinical fundus examination did not reveal obvious structur-
al retinal abnormalities (14). This underscores the value of
OCT for detecting subtle changes in RNFL and GCL thick-
ness when conventional ophthalmoscopy appears normal. In
our cohort, OCT revealed a significant decrease in average
RNFL thickness (mean 106 pm) in the right eye of migraine
patients compared with controls, along with significant thin-
ning in the superior (mean 129 pm) and nasal (mean 80 um)
quadrants of the right eye. Similar superior quadrant thinning
has been demonstrated by Gipponi et al. and Kirbas et al.
in migraine patients compared with healthy controls (15,16)
ilke Bahgeci et al. reported reduced RNFL thickness in the
nasal quadrant in migraine, which is consistent with our nasal
quadrant finding (17). Martinez et al. described significant
RNFL thinning confined to the temporal quadrant, indicat-
ing that different quadrants may be preferentially affected
in different cohorts (18,19). Taken together, these studies
and our results suggest that migraine-related RNFL changes
can involve various quadrants and do not follow a single ste-
reotyped pattern, unlike glaucoma, where inferior quadrant
thinning is often considered a hallmark diagnostic feature
(16-19).
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In our case—control analysis, we did not find significant
GCL differences between migraine patients and controls,
whereas in the chronic versus episodic subgroup analysis we
observed GCL thinning in the superotemporal and super-
onasal quadrants of the right eye in chronic migraine and
superotemporal GCL thinning in the left eye in episodic
migraine. The unilateral and partially discordant nature of
these findings makes their biological significance uncertain.
One proposed explanation for retinal structural changes
in migraine is that repeated attacks, particularly in chronic
migraine, may lead to cumulative neurovascular stress and
subtle axonal or neuronal loss over time (I 1,12). However,
the retinal ganglion cells and their axons measured by OCT
are distinct from cortical neurons, and our cross-sectional
design cannot establish a direct causal pathway from cerebral
hypoperfusion to retinal thinning (I-3,11-13). Moreover, we
did not systematically record the side of hemicranial head-
ache, so we cannot determine whether the right-eye-pre-
dominant RNFL thinning in our data corresponds to the
clinically more symptomatic side. As a result, the side-specif-
ic differences observed in this study should be regarded as
exploratory and interpreted with caution.

Migraine and glaucoma share several proposed patho-
physiological mechanisms, including vascular dysregulation
and reduced ocular blood flow, and both conditions have
been associated with RNFL thinning (I 1-13). In glaucoma,
decreased perfusion of the optic nerve head and peripapil-
lary retina can cause ischemic damage to the GCL and RNFL,
and it has been suggested that recurrent vasospastic events
in migraine might exacerbate such damage in susceptible in-
dividuals (I 1-13). To isolate migraine-related changes in our
study, we excluded patients with systemic comorbidities
such as diabetes and hypertension and ocular comorbidities
such as glaucoma. Nevertheless, our findings highlight that
when ophthalmologists encounter RNFL thinning in rela-
tively young patients, particularly in the fifth decade, it may
be important to enquire about a history of migraine before
attributing the changes solely to glaucoma. The possible co-
existence of both conditions should also be considered, as
this may lead to more pronounced RNFL loss.

Limitations

Our study has several limitations. We did not document
headache laterality, which prevented us from correlating ip-
silateral or contralateral retinal changes with the clinically
more affected side, thereby limiting interpretation of uni-
lateral OCT findings. A standardised severity or disability
score for migraine was not used, so we could not examine
dose—response relationships between attack burden and ret-
inal thickness. The small number of patients with aura pre-
cluded meaningful comparison between migraine with and
without aura, despite evidence that aura may be associated

with more pronounced retinal thinning (I 1,12). The low fre-
quency of WMHs also prevented any robust analysis of their
relationship with OCT parameters (13). The number of pa-
tients with MRI-detected white matter lesions was very low,
precluding robust analysis of any association with OCT pa-
rameters. Although we carefully excluded systemic and ocu-
lar comorbidities that might affect RNFL or GCL thickness,
unmeasured confounders and inter-individual variability in
retinal anatomy cannot be completely ruled out. Finally, the
cross-sectional design means we cannot determine whether
the observed RNFL and GCL changes represent stable traits
or progressive alterations over time. Longitudinal studies
with detailed phenotyping, including headache laterality and
severity, as well as repeated OCT measurements, are need-
ed to clarify the temporal evolution and clinical implications
of retinal changes in migraine.

Conclusion

In this SD-OCT-based case—control study, migraine patients
demonstrated modest, quadrant-specific reductions in RNFL
thickness in the right eye compared with healthy controls,
while overall GCL thickness did not differ significantly be-
tween groups. Within the migraine cohort, chronic migraine
was associated with more pronounced RNFL and GCL thin-
ning in selected quadrants of the right eye than episodic
migraine, although laterality patterns were inconsistent and
should be interpreted cautiously. These findings suggest that
recurrent migraine may be associated with subtle structural
differences in the retina, particularly in patients with chron-
ic disease, but the underlying mechanisms and clinical sig-
nificance remain to be fully elucidated. Larger, longitudinal
studies that incorporate detailed clinical phenotyping, head-
ache laterality and functional visual assessments are needed
to clarify whether these OCT changes reflect progressive
neurovascular or neurodegenerative processes in migraine.
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