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Optic disc morphometrics as a potential ocular biomarker for
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Depression, which is increasingly prevalent among older adults, has traditionally been diagnosed through symptom-based
questionnaires. However, emerging evidence suggests that retinal changes could serve as objective biomarkers for depression. In
this study, we investigated the optic disc signature of depression by leveraging automated fundus morphometrics (deep learning
segmentation) and Olink-based plasma proteome profiling to explore potential mechanistic pathways. A total of 412 participants
from two independent cohorts, the UK Biobank and the Guangdong Ophthalmic-Psychological Health Study (GD-OPHS), were
included in the analysis. Our findings indicate that individuals with depression exhibited increased roundness of the optic disc (UK
Biobank: OR= 1.12, 95% CI= 1.01–1.25; GD-OPHS: OR= 1.16, 95% CI= 1.02–1.32) and a larger optic disc tilt angle (UK Biobank:
OR= 2.83, 95% CI= 1.61–4.96; GD-OPHS: OR= 1.81, 95% CI= 1.02–3.21). Importantly, optic disc roundness correlated with the
expression of two depression-related proteins, LRRN1 (p= 0.010) and PRL (p= 0.022). Both LRRN1 and PRL are enriched in the
retina, as well as in key brain regions involved in emotional regulation, including the cerebral cortex, thalamus, and hippocampus.
Given the strong connections between the retina and the central nervous system, our results suggest that optic disc morphology
may serve as an objective, non-invasive biomarker for depression.
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INTRODUCTION
Depression, a widespread psychiatric disorder affecting approxi-
mately 14% of elderly populations, has become a major public
health issue, linked to significant functional and socio-occupational
impairments [1, 2]. Despite its high prevalence, the diagnosis of
depression primarily depends on subjective self-reports, as
objective and convenient biomarkers are lacking, especially in
older adults [3, 4]. While numerous studies have demonstrated
associations between depression and brain pathology or imaging
changes, the widespread application of brain imaging technologies
is constrained by their high costs, lengthy procedures, and limited
accessibility [5–7]. Consequently, there is an urgent need to
develop non-invasive, convenient, and efficient objective assess-
ment tools for the diagnosis and monitoring of depression.
Given the anatomical, physiological, and embryological simila-

rities between the retina and the brain [8, 9], the retina, as an
integral component of the central nervous system, may provide a
non-invasive avenue for investigating the neurological under-
pinnings of depression [10]. Recent research has shown that visual
impairment can contribute to depression, with a meta-analysis

revealing an elevated prevalence of depression among patients
with visual impairment across 27 studies [11]. Further studies have
uncovered links between eye diseases such as cataracts, glaucoma,
age-related macular degeneration, and diabetic retinopathy and
depression [12]. Evidence also suggests that a reduced thickness of
the ganglion cell complex (GCC) and retinal nerve fiber layer
(RNFL), as assessed through optical coherence tomography (OCT)
and optical coherence tomography angiography (OCTA), is
significantly associated with depression [13–16]. However, the
precise relationship between optic disc morphology and depres-
sion remains poorly understood.
The optic disc, where retinal ganglion cell axons converge and

form the optic nerve, plays a critical role in the visual pathway by
transmitting visual information from the eye to the brain.
Therefore, investigating the connection between optic disc
morphology and depression could offer unique insights into the
pathophysiological mechanisms of depression. Furthermore,
proteomics has the potential to elucidate the pathophysiology
of depression in relation to optic disc neural structures. Although
studies have identified potential biomarkers for both depression
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and retinal health through proteomic analysis, a direct link
between these findings remains unestablished [17–19].
We hypothesize that depression-associated retinal phenotypic

alterations may serve as novel, non-invasive biomarkers for
depression screening and diagnosis. This study aimed to
determine whether the retinal optic disc morphology is robustly
associated with depression across two independent cohorts: the
UK Biobank and the Guangdong Ophthalmic-Psychological Health
Study (GD-OPHS). Additionally, we explored the underlying
biological mechanisms linking depression and changes in the
optic disc by evaluating their associations with proteomics, as
measured by Olink assays from the UK Biobank.

MATERIALS AND METHODS
Participants
We included participants from the UK Biobank and GD-OPHS. The UK Biobank
initially recruited over 500,000 participants from 22 assessment centers across
England, Scotland, and Wales. Baseline data, including questionnaires, physical
measurements, and biological samples, were collected between 2006 and
2010, covering sociodemographic information, lifestyle factors, and details on
ocular and mental health status. The GD-OPHS study was conducted with
participants recruited from the Guangdong Mental Health Center, Guangdong
Provincial People’s Hospital, and Southern Medical University between January
2022 and December 2023. Demographic characteristics, mood questionnaires,
and ophthalmic assessments, including visual acuity and refractive error
measurements, were performed. The study was performed according to the
principles of the Declaration of Helsinki and followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline.
Based on the patient self-report questionnaires, physician diagnosis,

registry data, or diagnostic interviews using the International Statistical
Classification of Diseases and Related Health Problems, Tenth Revision
(ICD-10), and Patient Health Questionnaire, participants will be excluded if
they meet any of the following criteria: (1) insufficient image quality or
unavailability of fundus photographs; (2) diagnoses of other mental
disorders, including anxiety, bipolar disorder, and schizophrenia; (3)
diagnoses of eye diseases, such as cataract, diabetic retinopathy, macular
degeneration, glaucoma, and high myopia (SE ≤−6 D); (4) diagnoses of
other system diseases, including cardiovascular diseases, kidney diseases,
and other neurological disorders.

Retinal imaging and pre-processing
Retinal photographs were collected from UK Biobank participants at the
baseline visit between 2009 and 2010. Single field colour fundus photographs
(45 ° field-of-view, centred to include both optic disc and macula) were
captured using a digital Topcon-1000 integrated ophthalmic camera (Topcon
3D OCT1000 Mark II, Topcon Corp., Tokyo, Japan). To obtain valid and high-
quality fundus images, participants were seated in a dark, glare-free room. The
right eye was photographed first, followed by the left eye, with retakes
performed if the retinal photograph was deemed unacceptable.
Similarly, non-mydriatic retinal photographs for patients in the GD-OPHS

were collected between 2022 and 2023. The images were captured using a
TRC.NW8 camera (Topcon Corp., Tokyo, Japan) under the same dark-room
conditions. The acquired retinal images were then analyzed to precisely
quantify optic disc indices using a validated semantic segmentation model
based on ResNet50 [20].
Following the collection of fundus photographs, unqualified images

were automatically screened and excluded to ensure accurate identifica-
tion and quantification of retinal features. The selection process utilized a
classification model based on AutoMorph to identify ungradable images
and an autofocus algorithm to detect and remove blurred images [21, 22].
The images were then subjected to preprocessing operations, including
region-of-interest extraction, denoising, normalization, and enhancement,
to remove non-fundus structural regions and minimize inter-image
variability. These steps improved the clarity and quality of fundus features
through a series of algorithms (see Supplementary Methods).

Automatic extraction of retinal tilt angle and roundness of
optic disc
Based on the segmentation for optic disc region, the minimum
circumscribed ellipse was fitted. The tilt angle of optic disc was defined

as the angle between the long axis of the minimum external ellipse and
the horizontal.
The roundness of the optic disc was calculated according to the

following formula:

C ¼ F

π ´ R2
� �

Where C is the roundness of the optic disc; F represents the optic disc area,
that is the number of pixels occupied by the optic disc area, and R
represents the minimum circumscribed circle radius of the optic disc
(Fig. 1).

Depression diagnosis
Depression in both cohorts was diagnosed based on the following
criteria, and required meeting at least one of three criteria: (1) presence
of depression as indicated by self-reported questionnaires; (2)
physician diagnosis, registry data, or diagnostic interviews using the
International Statistical Classification of Diseases and Related Health
Problems, Tenth Revision (ICD-10), codes F32 through F33; and (3)
elevated depressive symptoms as defined by validated cutoffs for the
Patient Health Questionnaire (PHQ-2). A summary of the depression-
related outcomes used in the UK Biobank is provided in Supplemental
Table S1.

Plasma proteome and tissue-based expression
Olink proteomics data of UK Biobank were collected using the Proximity
Extension Assay and Next-Generation Sequencing to assess 1463 distinct
proteins between April 2021 and January 2022 [23–25]. Comprehensive
quality control measures and standardization of protein concentrations
were performed, resulting in Normalized Protein eXpression (NPX) values
for each protein in each participant. These NPX values, expressed on a log2
scale, represent the relative protein quantification unit used by Olink [26].
After thorough quality control, proteins were categorized into four panels:
cardiometabolic, inflammation, neurology, and oncology. Following the
exclusion of proteins with more than 50% missing data, 1461 proteins
were selected for analysis.
The Human Protein Atlas (https://www.proteinatlas.org/) was utilized to

characterize specific gene expression profiles across normal human tissues,
including the retina and brain [27]. Transcriptome profiling of specific gene
was based on massive parallel sequencing of mRNA, and data analysis was
performed using strategies previously described [27].

Demographic data
Demographic information for the UK Biobank included age, sex, ethnicity,
visual acuity, spherical equivalent (SE), education level, Townsend
deprivation index, body mass index (BMI), physical activity level, glycated
hemoglobin, and history of hypertension and hyperlipidemia. Hyperten-
sion and hyperlipidemia were defined based on diagnoses, self-reports,
medications, or physical measurements. Detailed demographic informa-
tion is provided in Supplementary Table 1. For the GD-OPHS study,
demographic data included age, sex, BMI, SE, and best corrected visual
acuity (BCVA).

Statistical analysis
Continuous variables for baseline characteristics were described through
mean and SD or median with IQR, while categorical variables were
presented as numbers and percentages. Comparisons between the
continuous and categorical variables at baseline were performed by
unpaired t tests and χ2 tests, respectively. Logistic regression models
were used to compare optic disc characteristics between the depression
group and healthy controls, adjusting for covariates including age, sex,
ethnicity, Townsend deprivation index, educational attainment, physical
activity, BMI, visual acuity, spherical equivalent (SE), and other relevant
factors.
Elastic net regression was performed using the glmnet package in R [28] to

identify significant proteins associated with depression in UK Biobank. The
samples were randomly divided into discovery and replication datasets in an
8:2 ratio. Cross-verification within the discovery dataset was employed to
determine optimal parameter values (α and λ) for the best model fit with
minimal feature variables [29]. The performance of the elastic network model
was evaluated using the area under the curve (AUC). Subsequently, variable
importance plots (VIP) were generated to assess the significance of protein
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coefficients derived from the elastic net regression [30]. Both random forest
and gradient boosting methods were applied to identify the most
depression-associated proteins [31]. Finally, linear regression was used to
examine the relationship between the top depression-related proteins and
optic disc characteristics. Since the control and depression groups were
propensity score-matched (1:1 ratio) based on age, and given the established
association between gender and depression, we tested for a potential
interaction effect between depression and gender. This was assessed using
multivariable logistic regression with multiplicative interaction terms.
Participants with missing data were excluded from the analysis. The statistical
analyses were conducted using Stata (version 17.0) and R software (version
4.1.3). All p values were two-sided, and p < 0.05 indicated statistical
significance. 95% confidence intervals were presented.

RESULTS
Demographic characteristics
A total of 142 individuals with depression (mean [SD] age, 57.68
years [7.39]; 93 [65.49%] female) and 142 healthy controls (mean
[SD] age, 58.18 years [8.17]; 57 [40.14%] female) were enrolled
from UK Biobank. Baseline characteristics, stratified by depression
status, are presented in Table 1. Participants with depression were
more likely to be women (p < 0.001) and had lower educational
levels (p= 0.035) and physical activity levels (p < 0.001). Addition-
ally, the groups exhibited comparable SE (p= 0.19), but differ-
ences in BMI were significant (p < 0.001), and individuals with
depression were more likely to have a history of hyperlipidemia
(p= 0.004). A total of 64 patients with depression (mean [SD] age,
36.28 years [14.67]; 48 [75.00%] female) and 64 healthy controls
(mean [SD] age, 33.59 years [13.67]; 36 [56.25%] female) were
included from the GD-OPHS study (Table 1). Compared to the
control group, patients with depression were also more likely to
be women (p= 0.026).

Associations between optic disc characteristics and
depression
We identified that depression was associated with a larger tilt
angle of the optic disc (OR= 2.83, 95% CI= 1.61–4.96, per
0.01 °, p < 0.001), after adjustment for age, sex, ethnicity,

Townsend index, educational attainment, BMI, visual acuity,
SE, physical activity, HbA1c, history of hypertension and
hyperlipidemia, and horizontal and vertical diameter of the
optic disc (Table 2). Additionally, the depression group
exhibited a greater roundness of the optic disc (OR= 1.12,
95% CI= 1.01–1.25, p= 0.029) after full individual-level adjust-
ment. Sex-stratified analysis, shown in Supplementary Table 2,
indicated a significant association between the tilt angle of the
optic disc and depression in both sexes. Furthermore, the
correlation between the roundness of the optic disc and
depression was statistically significant in the male subgroup (p
for interaction < 0.05).
The associations between depression and optic disc character-

istics in the Chinese GD-OPHS study are also confirmed (Table 2).
Consistent with the UK Biobank findings, patients with depression
showed a greater tilt angle of the optic disc compared to healthy
controls (OR= 1.81, 95% CI= 1.02–3.21 per 0.01 °, p= 0.041), after
adjustment for age, sex, BMI, BCVA, SE, and horizontal and vertical
diameter of the optic disc. Additionally, patients with depression
exhibited a higher roundness of the optic disc (OR= 1.16, 95%
CI= 1.02–1.32, p= 0.022).

Association of depression, proteins, and optic disc
characteristics
Elastic net regression was performed to identify proteins
associated with depression among the 1461 available proteins,
following 1:1 propensity score matching of participants from the
UK Biobank. The final model identified 183 proteins linked with
depression, and the identification of the best punishment
coefficient lambda is shown in Fig. 2A. The performance of model
was evaluated on the relevant test sets, which yielded an AUC of
0.72 (Fig. 2B). The top five depression-associated proteins
identified by the random forest and gradient boosting models
are presented in Fig. 2C, D. Random forest analysis highlighted
leucine-rich repeat neuronal protein 1 (LRRN1), carboxypeptidase
M (CPM), tumor necrosis factor receptor superfamily member 10B
(TNFRSF10B), C-X-C motif chemokine 16 (CXCL16), and fibroblast
growth factor receptor 2 (FGFR2), whereas the gradient boosting

Fig. 1 Graphic abstract.
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model selected LRRN1, CPM, prolactin (PRL), galectin-9 (LGALS9),
and a disintegrin and metalloproteinase with thrombospondin
motifs 8 (ADAMTS8).
Linear regression was performed to examine the association

between optic disc characteristics and the above eight
depression-related proteins identified. After full adjustment for
age, sex, ethnicity, BMI, SE, and other covariates, LRRN1 and PRL
were positively associated with optic disc roundness (β= 3.52,
95% CI: 0.94–6.10, p= 0.010; β= 1.41, 95% CI: 0.22–2.60,
p= 0.022, respectively). Transcriptome profiling of LRRN1 and
PRL, extracted and synthesized from the Human Protein Atlas,
reveals their expression in retinal bipolar cells, photoreceptor cells,
and Müller glial cells, as well as in various brain regions, including
the cerebral cortex, thalamus, and hippocampus (Supplementary
Fig. 2). However, no protein was found to be associated with the
tilt angle of the optic disc.

DISCUSSION
This study confirmed that an increased tilt angle and roundness of
the optic disc are associated with depression in two independent
cohorts, based on automated optic disc segmentation from color
fundus photographs. Additionally, we identified shared proteins
between depression and optic disc characteristics, including
LRRN1 and PRL. These findings provide insights into the
correlation between depression and changes in optic disc
morphology, with potential applications for objective and
convenient screening and diagnosis.
Currently, depression screening and diagnosis rely mainly on

questionnaires and clinical symptoms, which can lead to false
positives and overdiagnosis, affecting patients’ health [32].
Objective biological markers could address these issues. Our
study suggests that optic disc morphology may serve as a
potential marker for depression, providing insights into shared

Table 1. Baseline characteristics of the study participants from European cohort and Chinese cohort stratified by depression.

Baseline Characteristics Total Health control Depression P value

UK Biobank

Number (%) 284 142 (50.00) 142 (50.00) -

Age, mean (SD), yrs 57.93 (7.78) 58.18 (8.17) 57.68 (7.39) 0.59

Sex, No. (%)

Female 150 (52.82) 57 (40.14) 93 (65.49) < 0.001

Male 134 (47.18) 85 (59.86) 49 (34.51)

Ethnicity, No. (%)

White 270 (95.07) 134 (94.37) 136 (95.77) 0.58

Non-white 14 (4.93) 8 (5.63) 6 (4.23)

Visual acuity, LogMAR, mean (SD) −0.05 (0.13) −0.05 (0.13) −0.05 (0.13) 0.94

SE (diopters), mean (SD) 0.03 (1.99) −0.13 (1.92) 0.18 (2.04) 0.19

Townsend index, mean (SD) −1.27 (2.89) −1.51 (2.53) −1.02 (3.20) 0.16

Education level, No. (%)

College or university degree 101 (35.56) 59 (41.55) 42 (29.58) 0.035

Others 183 (64.44) 83 (58.45) 100 (70.42)

BMI, mean (SD) 27.07 (4.71) 25.63 (3.21) 28.51 (5.49) < 0.001

Physical activity, No. (%)

Not meeting recommendation 39 (16.60) 9 (7.38) 30 (26.55) < 0.001

Meeting recommendation 196 (83.40) 113 (92.62) 83 (73.45)

HbA1c, mean (SD) 36.33 (7.91) 35.46 (6.58) 37.20 (9.01) 0.07

History of hypertension, No. (%)

No 75 (26.41) 43 (30.28) 32 (22.54) 0.14

Yes 209 (73.59) 99 (69.72) 110 (77.46)

History of hyperlipidemia, No. (%)

No 150 (52.82) 87 (61.27) 63 (44.37) 0.004

Yes 134 (47.18) 55 (38.73) 79 (55.63)

Guangdong Ophthalmic-Psychological Health Study (GD-OPHS)

Number (%) 128 64 (50.00%) 64 (50.00%) -

Age, mean (SD), yrs 34.94 (14.19) 33.59 (13.67) 36.28 (14.67) 0.29

Sex, No. (%)

Female 84 (65.63%) 36 (56.25%) 48 (75.00%) 0.026

Male 44 (34.38%) 28 (43.75%) 16 (25.00%)

BCVA, mean (SD) 0.973 (0.22) 1.00 (0.13) 0.94 (0.28) 0.11

SE (diopters), mean (SD) −1.82 (2.18) −1.68 (2.08) −1.97 (2.29) 0.48

BMI, mean (SD) 22.12 (3.64) 22.44 (3.47) 21.78 (3.82) 0.34

SD standard deviation, LogMAR logarithm of the minimum angle of resolution, SE spherical equivalent, BMI body mass index, HbA1c glycated hemoglobin,
BCVA the best corrected visual acuity. Bold values denote statistical significance at P < 0.05 level.
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Fig. 2 Identification of significant proteins by elastic network regression, and variable importance plots. A The performance of the model
for different values of λ. The two vertical dotted lines are “lambda. min” and “lambda. 1se”; B The receiver operating characteristic curve of 183
proteins; C The top five depression-associated proteins identified by random forest; D The top five depression-associated proteins identified
by gradient boosting model. FPR false positive rate, TPR true positive rate.

Table 2. Summary of European cohort and Chinese cohort results for optic disc features associated with depression.

Optic disc characteristics Control/cases Model 1 Model 2

OR (95% CI) P value OR (95% CI) P value

UK Biobank Study

Tilt angle of optic disc / 0.01° 142 1.00 (ref) - 1.00 (ref ) -

142 2.51 (1.71–3.70) <0.001 2.83 (1.61–4.96) <0.001

Roundness of the optic disc 142 1.00 (ref) - 1.00 (ref ) -

142 1.09 (1.04–1.14) <0.001 1.12 (1.01–1.25) 0.029

Guangdong Ophthalmic-Psychological Health Study (GD-OPHS)

Tilt angle of optic disc / 0.01° 64 1.00 (ref) - 1.00 (ref ) -

64 1.73 (1.05–2.85) 0.031 1.81 (1.02–3.21) 0.041

Roundness of the optic disc 64 1.00 (ref) - 1.00 (ref ) -

64 1.09 (1.02–1.16) 0.014 1.16 (1.02–1.32) 0.022

OR odds ratio, CI confidence interval, LogMAR logarithm of the minimum angle of resolution, BCVA the best corrected visual acuity, SE spherical equivalent.
Bold values denote statistical significance at P < 0.05 level. UK Biobank Study: Model 1 has been adjusted for age, sex. Model 2 has been adjusted for age, sex,
ethnicity, Townsend index, educational attainment, BMI, visual acuity, SE, physical activity, HbA1c, history of hypertension and hyperlipidemia, and horizontal
and vertical diameter of the optic disc. GD-OPHS Study: Model 1 has been adjusted for age, sex. Model 2 has been adjusted for age, sex, BMI, BCVA, SE, and
horizontal and vertical diameter of the optic disc.
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pathophysiological mechanisms. Recent research has linked
retinal imaging changes with depression, including correlations
between retinal layer thickness and depression duration
[9, 13, 14, 16, 33, 34]. Longitudinal studies also indicate that
depression increases susceptibility to neurodegenerative diseases
[35, 36]. While retinal neurodegeneration is known to be related to
depression, the clinical significance of optic disc characteristics like
roundness and tilt remains unclear [15, 16, 34, 37].
In recent years, the rise of artificial intelligence in medicine has

ushered in an era of precision medicine, enabling a shift from
qualitative to quantitative imaging [38, 39]. A novel aspect of our
work was to use state-of-the-art retinal image analysis tools to
explore the neural structural relationship between the optic disc
characteristics and depression, which may provide a non-invasive,
objective, and convenient imaging marker for the screening of
depression. In this study, we used the ResUNet model to segment
optic disc characteristics, leveraging the strengths of both ResNet
and U-Net architectures. This approach reduces human error and
demonstrates excellent sensitivity, specificity, and accuracy [20].
Our results confirm a robust association between depression and
optic disc features, which are not fully explained by traditional risk
factors.
To the best of our knowledge, this is the first comprehensive

analysis of the association between depression and optic disc
characteristics, exploring both imaging phenotypes and their
molecular links. Our findings highlight overlapping proteomic
profiles between depression and optic disc features. The protein
LRRN1, a member of the brain-enriched LRRN family of type I
transmembrane proteins, has also been shown to be involved in
neural development and regeneration [40]. Mutations in LRRN
have been found to be related to several psychiatric disorders
such as autism and schizophrenia [41]. Interestingly, animal
studies show that LRRN1 expression is downregulated after optic
cup formation but remains detectable around the optic cup’s base
[42]. Although the mechanism by which LRRN1 affects the optic
disc and depression is unclear, we speculate that its effects may
be mediated during embryonic development, particularly in the
retina and brain [43, 44].
PRL is a multifunctional hormone that plays a key role in a

variety of physiological and homeostatic processes [45]. In the
retina, it promotes the survival of photoreceptor and retinal
pigment epithelium cells through its anti-apoptotic and antiox-
idant properties [45–47]. In the brain, PRL acts as a neuropeptide,
contributing to neuroendocrine regulation, stress adaptation,
neurogenesis, and neuroprotection [48, 49]. Although PRL is
known to regulate depression-like behaviors, its direct association
with depression remains controversial [48]. The potential biologi-
cal link between depression and retinal optic disc morphology still
needs further investigation, which may help explain the pheno-
typic correlation.
While the blood proteome utilized in this study cannot directly

capture retina-specific changes, its association with the central
nervous system is supported by multi-omics evidence. For
instance, blood-derived neural proteins (e.g., glial fibrillary acidic
protein) reflect increased blood-brain barrier permeability [50].
Alternatvely, blood proteome may indirectly indicate neuropathol-
ogy via compromised blood-retina barrier integrity. Furthermore,
retinal proteomics remains limited to postmortem or animal
studies due to feasibility constraints, whereas blood-based
profiling enables accessible large-scale screening and longitudinal
monitoring.
In summary, optic disc morphology is associated with depres-

sion, potentially due to shared genetic factors and their associated
protein expressions during neural development. Moreover,
perinatal or early-life environmental factors may also contribute
to central nervous system alterations [51, 52], resulting in changes
to optic nerve morphology and increasing susceptibility to

depression. Consequently, assessing optic disc morphology could
provide valuable insights into an individual’s predisposition to
developing depression.

LIMITATIONS
First, as this was a cross-sectional study, it was not possible to
determine potential causal relationships among changes in retinal
optic disc parameters, depression, and proteomics. Secondly,
although similar trends were observed in two independent
datasets from English and Chinese populations, these findings
still require further validation to establish their generalizability to
other populations. Third, the shared proteins identified between
depression and alterations in the optic disc require further
functional validation. Fourth, the blood proteomics used in this
study only provides an indirect proxy for retinal changes, future
validation through retinal tissue-based proteomic and transcrip-
tomic sequencing analyses is required. Last but not least, the
sample sizes of both the UKB and the GD-OPHS study are
relatively small in this study. Future large-scale studies are
warranted to validate our findings. Given the focus on mental
health in the aging population, additional research is needed to
elucidate the underlying mechanistic pathways.

CONCLUSION
In summary, our findings demonstrate significant correlations
between depression and optic disc-specific morphology. More-
over, similar trends were observed in two independent datasets,
suggesting the potential use of novel, objective, and non-invasive
retinal markers for depression in clinical practice.

DATA AVAILABILITY
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