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Purpose: To explore associations between optical coherence tomography (OCT)
parameters and mortality risk.

Methods: This study used data from the UK Biobank participants with eligible OCT data.
Feature selection was conducted with the least absolute shrinkage and selection opera-
tor. Selected parameters were fitted into Cox regression, with the full model adjusting
for demographic, socioeconomic, lifestyle, and genetic factors.

Results: During a median follow-up duration of 10.6 years, 3174 were deceased. After
matching the deceased and surviving participants (1:3) by age and gender, 12,696
were included. Ten out of 18 parameters showed significant associations with all-cause
mortality. Each standard deviation increase in optic disc diameter parameters (hazard
ratios [HRs] ranging from 1.042 to 1.052), thinning of ganglion cell-inner plexiform
layer (HR = 0.958, 0.920-0.998), thinning of the photoreceptor layer and its sublayers
(HRs = 0.937-0.960) were significant biomarkers of all-cause mortality. Cause-specific
analyses by mortality age revealed that thinner photoreceptor layer and sublayers were
significantly associated with circulatory premature mortality (HRs = 0.856-0.915).

Conclusions: Enlarging disc diameter, thinning of ganglion cell-inner plexiform layer,
and thinning of photoreceptor layers are associated with all-cause mortality, with
photoreceptor thinning especially linked to premature circulatory mortality.

Translational Relevance: These findings suggest that specific OCT parameters could
serve as noninvasive biomarkers for mortality risk assessment, potentially enhancing
early identification of individuals at higher risk of premature death, particularly from
circulatory diseases.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. @. BY _NC_ND
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Introduction

Premature mortality, typically defined as death
before a certain age threshold, remains a signifi-
cant public health concern. Studies revealed that a
significant proportion, nearly half even in developed
countries,'»? of premature mortality can be attributed
to preventable factors. A previous meta-analysis’
showed that simple behavioral factors, such as physical
inactivity, smoking, and high alcohol intake, account
for over half of all avoidable deaths. With early inter-
vention, the individuals at higher risk could live a
longer and healthier life. To bridge the gap between
medical advances in preventive care and their practical
implementation, one crucial requirement is the ability
to accurately identify individuals at higher risk for
premature mortality.

Nevertheless, previous studies on mortality predic-
tion have predominantly concentrated on overall
mortality.* 7 In addition, whereas previous studies
reviewed risk factors associated with premature
mortality, they cannot be used as suitable biomarkers
for risk assessment, because some are major health
events rather than monitorable indicators, or they were
obtained in specific patient groups rather than the
general population or necessitate prolonged monitor-
ing to capture meaningful temporal trends.®!' Thus
identifying biomarkers that could be collected with
a single noninvasive examination could empower
healthcare professionals to proactively identify at-
risk individuals and undertake targeted preventive
measures.

Optical coherence tomography (OCT), as a nonin-
vasive imaging technique, allows the identification
of subtle changes in retinal structure to provide
an opportunity for early intervention in the disease
process.!> For example, thinning of the ganglion
cell layer, as measured by OCT, has been associ-
ated with an increased risk of cognitive decline and
dementia.!>!* Similarly, photoreceptor degenerations
have been associated with brain and musculoskeletal
diseases."”

Although previous studies have reported associa-
tions between OCT parameters and systemic condi-
tions, research specifically targeting OCT parameters
and mortality risk has been relatively limited. We
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hypothesize that OCT parameters may be associ-
ated with mortality risk. In this study, we aim to
investigate the association between OCT parameters
and the risk of all-cause and cause-specific mortality,
as well as premature mortality.

Study Population

We used data from the UK Biobank, a large
prospective cohort study, and STROBE (STrengthen-
ing the Reporting of OBservational studies in Epidemi-
ology) guidelines were followed.!'® The baseline enroll-
ment was from 2006 to 2010, and participants aged
40 to 69 years and registered with the National
Health Service were enrolled. The study collected
a vast array of data, including medical histories,
lifestyle factors, genetics, and biomarkers through self-
reported questionnaires, physical examinations, and
tests. Detailed information regarding the study can be
found elsewhere.!”

In 2009, eye examinations were introduced and
around 60,000 participants from six assessment centers
underwent a baseline eye examination between 2009
and 2010, with a further 20,000 participants receiving
eye assessments between 2012 and 2013.'® Our study
only included participants with OCT data.

Ascertainment of Mortality Data

Mortality data were linked through national death
registries. The details of the data linkage proce-
dure are available (https://biobank.ndph.ox.ac.uk/
showcase/refer.cgi?id=115559). The date of the
image acquisition was considered as the baseline
and corresponding baseline covariates were used. The
surviving participants were censored on December
31, 2020. In our study, the primary outcome was
overall mortality (i.e., all deaths occurring during
the follow-up). In addition, we further analyze the
association between OCT parameters and premature
mortality (i.e., deaths occurring during the follow-up
and before the age of 75 years, the cut-off age for
premature mortality in the United Kingdom).!” The
cause of death was determined using the Interna-
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tional Classification of Diseases, edition 10. Because
we are exploring the association between OCT
parameters and mortality as indicators of systemic
health, the participants who died from external
causes (V01-Y89) were excluded (Supplementary
Table S1).

Ascertainment of OCT Parameters

Spectral-domain OCT imaging was performed
to obtain retinal scans in a dark room without
pupil dilation, and the details have been previously
published.'® Specifically, the imaging protocol used
a three-dimensional macular volume scan covering
a 6 x 6 mm raster pattern, with a scan density
of 512 horizontal A-scans per B-scan and 128 B-
scans.!® Segmentation of retinal layers was performed
using the automated Topcon Advanced Boundary
Segmentation (TABS)?-?! algorithm (version 1.6.1.1)
integrated into the Topcon 3D OCT-1000 Mark II
software (Topcon Optical Company, Tokyo, Japan),
which delineated retinal layers, including photorecep-
tor layers and sublayers, based on dual-scale gradi-
ent information. A total of 52 OCT parameters
were extracted by previous researchers with TABS?
and returned to UK Biobank, including 44 derived
measures and 8 quality control measures®! (Supple-
mentary Table S2). The parameters included the thick-
ness of Early Treatment Diabetic Retinopathy Study
subfields, namely central subfield, which refers to a
region with a diameter of 1 mm measured from the
center of the fovea; inner subfield, which refers to
the area located between 1 to 3 mm from the center
of the fovea; and outer subfield, which refers to the
area located between 3 to 6 mm from the center of
the fovea. To ensure accuracy, quality control checks
were implemented by using quality control measures
and excluding eyes with conditions that would poten-
tially affect the accuracy of segmentation following
the same criteria used by authors that reported the
value of OCT parameters.””> First, based on quality
control measures, we excluded those with image quality
score <45, the poorest 20% centration certainty, or
the poorest 20% segmentation certainty. Subsequently,
participants with IOP of >22 mm Hg or <5 mm Hg,
self-reported glaucoma or macular degeneration, and
self-reported history of glaucoma surgery were also
excluded.?

Covariates

Ethnicity, Townsend index, and education were
included as potential demographic and socioeconomic
confounders. Age, gender, and ethnicity data were
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retrieved from questionnaires. The Townsend index
was used to indicate social deprivation, and educa-
tion was classified into 3 levels: high, intermediate,
and low.? Lifestyle covariates included smoking status
(previous, current, never), alcohol consumption (previ-
ous, current, never), and physical activity (high, moder-
ate, and low levels based on the International Physical
Activity Questionnaire). The body mass index (BMI)
was calculated by dividing an individual’s weight in
kilograms by the square of their height in meters. In
addition, we further included the genetic risk score for
longevity.?*

Statistical Analysis

For continuous variables, the mean and standard
deviation (SD) were used to represent the data, and
for categorical variables, a percentage was used. The
x? test was used for categorical variables. For numer-
ical variables, we conducted a t-test to assess inter-
group differences in data that exhibited a normal distri-
bution and, a Wilcoxon rank-sum test or Kruskal-
Wallis test for data with a non-normal distribu-
tion.

First, OCT parameters with a missing proportion
of > 30% were excluded, and the missing values were
imputed using Random Forest (missForest package
version 1.5). We rescaled data to SD units to better
understand the association between one SD unit
increase in OCT parameters and the change in mortal-
ity risk. Because of the relatively low number of
deaths compared to the total number of participants,
a matching approach was employed. We matched
each deceased individual with three surviving individ-
uals from the dataset based on sex and age with
a ratio of 1:3 using Matchlt package version 4.5.3,
ensuring similarity in terms of age and gender to
address the imbalanced nature of included partici-
pants and enhance the statistical power of the analy-
Sis.

We used the least absolute shrinkage and selection
operator (LASSO) for feature selection. This technique
systematically identifies the most predictive variables
by shrinking less important feature coefficients to zero,
thereby reducing dimensionality and mitigating the risk
of false discoveries in the subsequent Cox regression
analysis. After addressing the challenge of multiple
testing through feature selection, selected OCT param-
eters were fitted into Cox proportional hazard regres-
sion. Hazard ratios (HRs) were used to quantify the
effect size of each parameter. An HR > 1.0 indicates
an increased hazard (i.e., higher risk of the outcome
associated with an increase in the parameter value),
while an HR < 1.0 indicates a decreased hazard (i.e.,
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Figure 1.

Study design. LASSO, Least Absolute Shrinkage and Selection Operator; RNFL, retinal nerve fiber layer. This figure used images

from Elisa Galliano. Retina circuit. DOI: 10.5281/zenodo.4756818 from SciDraw and Chilton, J. (2020). Ependymal cell.Zenodo. https://doi.

0rg/10.5281/zenodo.3926497 from SciDraw.

lower risk of the outcome associated with an increase
in the parameter value). To validate the robustness of
the associations, we incrementally added the covari-
ates in the regression model: Model 1 adjusted with the
False Discovery Rate method, and Model 2 adjusted
for demographic factors, including ethnicity, Townsend
index (social deprivation), and education. Model 3
further controlled lifestyle and health factors (body
mass index, smoking, alcohol, and physical activity).
Model 4 was adjusted for Model 3 plus the genetic risk
score.

Figure 1 shows the study design. The results
of subgroup analyses and sensitivity analyses are
presented in Supplementary Tables S3—S10. Statistical
significance was defined as a two-tailed P value of 0.05.
R 4.2.3 was used to perform all statistical analyses.

Baseline Demographic Characteristics

A total of 84,414 participants who had OCT exami-
nations were assessed for eligibility, and 70,903 were
included (Fig. 2). During a median follow-up period
of 10.6 years (interquartile range [IQR] 10.5~10.79),
3,174 were deceased, with 2524 premature deaths. The
median follow-up time was 6.40 years (IQR 4.2~8.6)
for premature deaths and 9.15 years (IQR 7.6~10.3)
for non-premature deaths.
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After matching by age and gender, the final analy-
sis included a total of 12,696 participants, with 9522
surviving and 3174 deceased participants and a median
follow-up of 10.6 years (IQR 8.09~10.74). Signifi-
cant differences in socioeconomic and health-related
factors were observed between surviving and deceased
participants. The deceased participants had a signifi-
cantly higher mean BMI, lower levels of physical activ-
ity, and higher proportions of smoking and alcohol
consumption than the surviving participants (all P <
0.001). A significantly higher level of social deprivation
(measured by the Townsend Index) and a lower educa-
tion level were also found for the deceased participants
(all P < 0.001) (Table).

Association Between OCT Parameters and
Overall Mortality

After removing parameters with more than 30%
missing data and feature selection with LASSO, 18
parameters were included in the Cox regression models.
Supplementary Table S11 presents detailed descriptive
measurements.

In the fully adjusted model, 10 out of 18 param-
eters remained significantly associated with all-cause
mortality. Larger mean vertical disc diameter (DD)
and DD after inverse rank normal transformation
were associated with increased mortality risk, with
an HR of 1.052 (95% confidence interval [CI],
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/—b{ Death within the first year or due to external/unknown causes
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Figure 2. Participants selection process.

1.015-1.090) and 1.042 (CI, 1.006-1.079), respectively.
Conversely, the thinning of the ganglion cell-inner
plexiform layer (GC-IPL) demonstrated an associ-
ation with increased risk, with an HR of 0.958
(CI, 0.920-0.998). In addition, the thinning of seven
photoreceptor layers and sublayers was also associ-
ated with elevated all-cause mortality risk, with
the HRs ranging from 0.937 (CI, 0.907-0.967) and
0.955 (CI, 0.924-0.988) for the central and inner
subfields of inner nuclear layer-RPE (INL-RPE), 0.960
(CI, 0.928-0.994) for the central subfield thickness
of external limiting membrane-inner segment outer
segment (ELM-ISOS), 0.944 (CI, 0.914-0.975) for
the average thickness of ISOS-RPE, and 0.940 (CI,
0.910-0.972), 0.944 (CI, 0.913-0.976), and 0.944 (CI,
0.914-0.976) for its central, inner and outer subfields
(Fig. 3).

Further analysis of the causes of death showed
that seven photoreceptor sublayers of the 10 param-
eters exhibited the same associations with circulatory
mortality, with HR ranging from 0.883 to 0.918.
Although multiple OCT parameters were associated
with circulatory mortality, they did not show a signifi-
cant association with mortality caused by other major
diseases, including neoplasms, respiratory diseases,
digestive diseases, and nervous system diseases
(Fig. 4).
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Association Between OCT Parameters and
Premature Mortality

In the fully adjusted model, eight parameters
showed significant association with all-cause prema-
ture mortality. Larger mean vertical DD (1.044; CI,
1.003-1.088) and DD after inverse rank normal trans-
formation (1.042; CI, 1.002-1.084) were only signif-
icantly associated with increased all-cause premature
mortality risk, and the associations were not found for
cause-specific premature mortality. In addition, each
SD decrease in central and inner subfields of INL-RPE
was associated with HRs of 0.947 (CI, 0.913-0.983)
and 0.961 (CI, 0.925-0.998) for all-cause premature
mortality risk. HR for thinning of the average thickness
of ISOS-RPE and its central, inner, and outer subfields
was 0.937 (CI, 0.903-0.972), 0.935 (CI, 0.901-0.971),
0.940 (CI, 0.906-0.976), and 0.936 (CI, 0.902-0.970),
respectively (Fig. 3).

For cause-specific premature mortality, the thinning
of seven photoreceptor layer-related parameters was
significantly associated with increased premature
mortality risk from circulatory diseases. HR for
premature circulatory mortality risk was 0.887 (CI,
0.828-0.949) and 0.913 (CI, 0.853-0.977) for INL-RPE
central and inner subfields, 0.915 (CI, 0.848-0.987) for
ELM-ISOS central subfield, 0.901 (CI, 0.839-0.968)
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Premature Non-Premature
All Surviving Deceased Mortality Mortality
(N =12,696) (N=9522) (N=3174) P Value (N =2524) (N =650) P Value
Age, mean (SD) 62.4 (6.26) 62.4 (6.26) 62.4 (6.26) 1.00 60.9 (6.05) 68.4 (2.20) <0.001
Sex
Female 5320 (41.9%) 3990 (41.9%) 1330 (41.9%) 1.00 1090 (43.2%) 240 (36.9%) 0.005
Male 7376 (58.1%) 5532 (58.1%) 1844 (58.1%) 1434 (56.8%) 410 (63.1%)
Ethnicity
White 11887 (93.6%) 8924 (93.7%) 2963 (93.4%) 0.042 2348 (93.0%) 615 (94.6%) 0.91
Mixed 62 (0.5%) 50 (0.5%) 12 (0.4%) 0(0.4%) 2(0.3%)
Asian 295 (2.3%) 235 (2.5%) 60 (1.9%) 0 (2.0%) 0(1.5%)
Black 237 (1.9%) 163 (1.7%) 74 (2.3%) 1(2.4%) 3 (2.0%)
Other 126 (1.0%) 91 (1.0%) 5(1.1%) 29(1 1%) 6(0 9%)
Townsend index, —1.29(2.94) —1.45 (2.86) —0.824 (3.13) <0.001 —0.791(3.15) —0.951 (3.05) 0.24
mean (SD)
Education level
High 4097 (32.3%) 3239 (34.0%) 858 (27.0%) <0.001 691 (27.4%) 167 (25.7%) <0.001
Intermediate 6027 (47.5%) 4518 (47.4%) 1509 (47.5%) 1244 (49.3%) 265 (40.8%)
Low 2401 (18.9%) 1642 (17.2%) 759 (23.9%) 551 (21.8%) 208 (32.0%)
BMI, mean (SD) 27.5(4.61) 27.3 (4.34) 28.2 (5.27) <0.001 28.2 (5.38) 28.1 (4.86) 0.62
Smoking status
Never 6267 (49.4%) 4997 (52.5%) 1270 (40.0%) <0.001 987 (39.1%) 283 (43.5%) <0.001
Previous 5151 (40.6%) 3799 (39.9%) 1352 (42.6%) 1061 (42.0%) 291 (44.8%)
Current 1190 (9.4%) 663 (7.0%) 527 (16.6%) 455 (18.0%) 72 (11.1%)
Alcohol consumption
Never 525 (4.1%) 354 (3.7%) 171(5.4%) <0.001 125 (5.0%) 46 (7.1%) 0.075
Previous 498 (3.9%) 308 (3.2%) 190 (6.0%) 156 (6.2%) 34 (5.2%)
Current 11636 (91.7%) 8834 (92.8%) 2802 (88.3%) 2234 (88.5%) 568 (87.4%)
Physical activity
Low 1963 (15.5%) 1372 (14.4%) 591 (18.6%) <0.001 487 (19.3%) 104 (16.0%) 0.033
Moderate 4194 (33.0%) 3186 (33.5%) 1008 (31.8%) 803 (31.8%) 205 (31.5%)
High 4122 (32.5%) 3223 (33.8%) 899 (28.3%) 691 (27.4%) 208 (32.0%)

SD, standard deviation.

Data were expressed as the mean (SD) for continuous variables or the percentage for category variables. For differences
between groups, a t-test or Wilcoxon rank-sum test for numerical variables and chi-squared test for categorical variables were
used. Premature mortality refers to the deaths that occur before the age of 75 years. Non-premature mortality refers to the

deaths that occur at or after the age of 75 years.

for the average thickness of ISOS-RPE, and 0.856 (CI,
0.795-0.922), 0.878 (CI, 0.816-0.945), and 0.904 (CI,
0.842-0.971) for its central, inner, and outer subfields

(Fig. 5).

Association Between OCT Parameters and
Non-Premature Mortality

For non-premature all-cause mortality, both larger
mean vertical DD (1.183; CI, 1.095-1.278) and DD
after inverse rank normal transformation (1.115; CI,
1.030-1.206) showed significant associations, which
was consistent with their association with overall
and premature all-cause mortality. Thinning of GC-
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IPL (0.885; CI, 0.801-0.977) was also significantly
associated with non-premature all-cause mortality but
not cause-specific mortality. Moreover, no photore-
ceptor layer-related parameters showed significant

associations with non-premature circulatory mortality
(Figs. 3, 4).

Premature  mortality  attributed to non-
communicable diseases remains a critical global health
concern, with the World Health Organization setting
a target to reduce such fatalities by one-third by 2030
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OCT parameters and their associations with all-cause mortality. This plot shows the hazard ratio associated with each standard

deviation change in OCT parameters. Asterisk indicates false discovery rate (FDR) adjusted P < 0.05, VCDR, vertical cup-to-disc ratio. Model
1 was unadjusted, yet the P value was further adjusted with FDR. Model 2 included both OCT measurements and demographic factors,
including ethnicity, Townsend index (social deprivation), and education. Model 3 used covariates from Model 2 and added lifestyle and
health factors (BMI, smoking, alcohol, and physical activity). Model 4 was adjusted for Model 3 plus the genetic risk score.

as part of the Sustainable Development Goals. In
this study, we investigated the association between
OCT parameters and risk of mortality and premature
mortality. We found that the thinning of the photore-
ceptor layer and sublayers were sensitive indicators
for increased risk of premature mortality, especially
premature mortality caused by circulatory diseases.
The identification of these specific OCT parameters
as early markers for heightened premature mortality
risk has the potential to enable timely interventions
and align with global health initiatives aiming to curb
premature deaths from non-communicable diseases. In
addition, larger DD and thinner GC-IPL were signif-
icantly associated with an increased risk of all-cause
mortality.

Our study demonstrated that larger disc diameter
and thinned GC-IPL could be strong indicators for
increased all-cause mortality risk. The potential under-
lying mechanisms could be multifactorial, as further
analysis of cause-specific mortality revealed no signifi-
cant association between those parameters and mortal-
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ity caused by other major diseases. Previous studies
reported larger optic disc areas and thinner GC-IPL
in patients with metabolic disorders and neurode-
generative conditions.”> ?” An increase in the OCT-
determined DD and thinner GC-IPL may be the
result of optic nerve head damage because of various
causes, such as accumulation of advanced glycation
end products® and aldosterone-induced vasculopa-
thy,”® and associated with demyelination in the central
nervous system and ganglion cell loss induced by
inflammatory demyelination.?®

Our study revealed that the thinning of the photore-
ceptor layer and sublayers (INL-RPE, ELM-ISOS,
and ISOS-RPE) were significantly associated with
an increased risk of premature mortality due to
circulatory diseases, but not with non-premature
mortality. Although the associations were found for
both all-cause mortality and circulatory disease-related
mortality, further analysis of cause-specific mortal-
ity risk showed that the associations were mainly
attributable to mortality due to circulatory diseases.
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Figure 4. OCT parameters and their associations with mortality by cause in the multivariate model. This plot shows the hazard ratio
associated with each standard deviation change in OCT parameters. VCDR, vertical cup-to-disc ratio. The multivariate model adjusted for
demographic factors, including ethnicity, Townsend index (social deprivation), education, lifestyle, and health factors (BMI, smoking, alcohol,
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OCT parameters and their associations with circulatory mortality in the multivariate model. Notes: This plot shows the hazard
ratio associated with each standard deviation change in OCT parameters. VCDR, vertical cup-to-disc ratio. The multivariate model adjusted
for demographic factors, including ethnicity, Townsend index (social deprivation), education, lifestyle, and health factors (BMI, smoking,
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Specifically, these were associated with premature
mortality due to circulatory diseases, as no significant
association was found for non-premature circulatory
mortality. Previous studies reported thinner INL-PRE
in individuals with higher systolic blood pressure,*
higher HbAlc and diabetes,® and smoking behav-
ior3! In addition, the thinner ELM-ISOS sublayer
was also found to be associated with higher systolic
blood pressure and smoking.?’ High blood pressure
and systemic toxicity due to smoking may have
caused vascular damage, which leads to reduced
blood flow and ischemia in retinal capillary layers,
thereby leading to the thinning of INL-PRE.??>3*
Moreover, a thinner INL-PRE sublayer was also
associated with less physical activity’!. Studies have
shown that regular physical exercise® 37 could reduce
inflammatory stimulation and oxidative stress on the
circulatory system, hence physical inactivity may, to
some extent, account for the association between a
thinned photoreceptor layer and increased mortality
risk caused by circulatory diseases. Previous research
also revealed thinner ISOS-RPE sublayers in partici-
pants who smoke? or have diabetes.*® As studies have
shown, smoking and increased advanced glycation end
products production would lead to the accumulation
of toxicity, oxidative damage, and inflammation, which
would result in microvascular damage and metabolic
dysfunction.?’-31:39-42 Those pathological changes may
have led to the reduced blood supply and acceler-
ated apoptosis of the photoreceptor layer and its
sublayers.

Overall, the evidence from previous studies may
suggest that the thinning of the photoreceptor layer
and sublayers may indicate the presence of vascu-
lar damage, oxidative stress, and inflammation, which
may have contributed to the thinning and structural
changes. McFarland and Fisher*? have found that the
absolute threshold of vision decreases with age and
have attributed this to reduced oxygen tension at the
PR consistent with a vascular mechanism.** This may
partly explain the associations between the thinning
photoreceptor layer and its sublayers with increased
risk of mortality, especially circulatory disease-related
mortality. Given the critical role of the photorecep-
tor layer and sublayers, more in-depth research lever-
aging advanced imaging technologies could provide
additional insights. Especially, recent advancements
in high-resolution OCT (<3 pum axial resolution)
and review tool* have enabled finer delineation of
retinal layers (28 retinal bands), with our INL-
RPE thickness likely encompassing approximately 15
bands in their nomenclature. In addition, enhanced
resolution and refined segmentation could further
improve precision in detecting subtle sublayer changes
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and potentially strengthen associations with vascular
pathology.

In addition, when further examining the subfields
of photoreceptor layers (INL-RPE, ELM-ISOS and
ISOS-RPE), central subfields of all three layers, inner
subfields of INL-RPE and ISOS-RPE layers, and
outer subfield of ISOS-RPE layer showed signif-
icant associations, indicating central subfield may
hold more relevance for indicating increased risk
of mortality due to circulatory diseases, followed
by inner subfield, and then outer subfield. The
central subfield, being near the fovea and repre-
senting an area of high metabolic activity and
distant to direct retinal vascular supply,*® could be
more sensitive to microvascular damage or impaired
oxygen and nutrient supply and thus may better
reflect the overall health of the circulatory system. A
previous study on age-related macular degeneration
research demonstrated the fovea’s resilience because of
specialized protective mechanisms including enhanced
macular pigment density, unique photoreceptor archi-
tecture, and alternative metabolic support pathways.*’
We believe that the observed associations between
central field measurements and mortality, despite these
well-established protective mechanisms, may indicate
the severity of the underlying systemic pathologi-
cal processes. The fact that mortality associations
are detectable in a retinal region equipped with
robust protective mechanisms may suggest that the
systemic vascular or metabolic perturbations are suffi-
ciently severe to overcome local protective mecha-
nisms. Compared with the central subfield, as the inner
subfield and outer subfield are located farther from the
fovea and are supported by retinal vascular beds, they
may not reflect changes in overall vascular health as
effectively. In addition, changes in the central subfield
have the greatest impact on visual acuity,*® and previ-
ous studies have already shown that vision impairment
increases mortality risk.*® This may also explain the
stronger associations found for changes in the central
subfield compared with those in the inner and outer
subfields.

The current study included a large sample size and
examined a comprehensive range of OCT parame-
ters, allowing for a detailed examination of retinal
structure. Traditional assessment of retinal thickness
as a surrogate for the function is limited, as retinas
with neuronal loss or disrupted inner layers can have
normal thickness due to extracellular fluid.** Our study
addresses this limitation by examining specific sublay-
ers, providing a more reliable association with mortality
risk. After adjusting for demographic, socioeconomic,
lifestyle, and genetic risk factors, we identified OCT
parameters that could serve as indicators for overall
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mortality risk and circulatory disease-related mortal-
ity risk independent of traditional risk factors. More
importantly, our study revealed that the thinning of
the photoreceptor layer and its sublayers could be a
sensitive indicator for increased premature mortality
risk.

However, it is important to note that our study
only focused on associations with mortality outcomes,
although our results were statistically significant,
it does not indicate a causal relationship. Further
research is needed to understand the underlying
mechanisms linking changes in OCT parameters to
systemic health and vascular integrity. In addition,
the majority of the study population are of white
ethnicity. Further study in other population groups
is needed. Additionally, the systematic measurement
discrepancies of the automated OCT segmentation
algorithm would limit the absolute accuracy of individ-
ual measurements. However, this systematic bias does
not affect the validity of our association analyses
due to consistent offset across all participants and
our measurement standardization approach. Another
limitation of our study is the lack of direct assessment
of choriocapillaris and Bruch’s membrane thickness.
Given that the outer retinal layers showing mortality
associations are primarily supplied by the choroidal
circulation, this limits our understanding of the vascu-
lar mechanisms potentially underlying our findings.
Recent advances in high-resolution OCT segmentation
algorithms have demonstrated the capability to assess
these choroidal structures,* suggesting that future
studies incorporating enhanced imaging techniques
could provide deeper insights into the choroidal vascu-
lar contributions to retinal-systemic health relation-
ships.

Conclusions

In summary, our findings highlight the signifi-
cance of specific OCT parameters in assessing mortal-
ity risk, particularly concerning overall mortality and
premature mortality attributed to circulatory diseases.
Larger DD and thinner photoreceptor layers and
GC-IPL could indicate the presence of systemic
health conditions and a higher mortality risk. Partic-
ularly, the thinning of the photoreceptor layer and
its sublayers was associated with an increased risk
of premature mortality due to circulatory diseases.
Further research is warranted to unravel the under-
lying mechanisms and establish the clinical utility of
these OCT parameters in informing tailored preventive
strategies.
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