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ABSTRACT
Objective  Retinal biomarkers accessible via non-invasive 
optical coherence tomography (OCT) could facilitate early 
detection of Alzheimer’s disease (AD), complementing current 
invasive or costly diagnostic methods. This review evaluates 
the evidence for spectral-domain OCT (SD-OCT) and OCT 
angiography (OCT-A) in identifying retinal changes associated 
with preclinical and early AD.
Methods and analysis  We conducted a systematic review 
registered in PROSPERO and aligned with Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 2020 
guidelines. PubMed/MEDLINE was searched up to April 2025, 
complemented by reference list screening and citation tracking. 
Eligible studies assessed SD-OCT and/or OCT-A in biomarker-
defined preclinical or early AD, mild cognitive impairment or 
mild AD. Data were synthesised narratively by disease stage, 
and methodological quality was appraised with the Newcastle-
Ottawa Scale.
Results  22 studies met inclusion criteria. Reported 
alterations included thinning of the peripapillary retinal 
nerve fibre layer and retinal ganglion cell layer, macular 
and choroidal thickness changes and microvascular 
alterations on OCT-A. However, findings were 
heterogeneous: some studies observed early thickening 
or increased vascular density, possibly reflecting 
inflammatory or compensatory mechanisms, while others 
reported thinning and rarefaction more consistent with 
neurodegeneration. Most studies were of moderate quality, 
limited by small sample sizes, cross-sectional designs and 
incomplete control for ocular/systemic confounders.
Conclusion  SD-OCT and OCT-A hold promise as candidate 
biomarkers of early AD, but current evidence remains variable, 
non-specific and methodologically constrained. Further 
research is needed to standardise imaging protocols, validate 
findings in biomarker-confirmed longitudinal cohorts and 
compare OCT-based measures across dementia subtypes. 
Integration with other biomarkers (eg, plasma or metabolomics) 
may improve diagnostic specificity and support translation of 
OCT/OCT-A into clinical practice.
PROSPERO registration number  CRD42024600456.

INTRODUCTION
The current context of Alzheimer’s disease and 
its relationship to the retina
Alzheimer’s disease (AD), the most 
common cause of dementia, is a progressive 

neurodegenerative disorder (NDD) that 
increasingly affects ageing populations 
worldwide. In the USA alone, 6.7 million indi-
viduals aged 65 and older are currently living 
with AD.1 This prevalence poses a significant 
public health challenge due to its impact 
on affected individuals and the associated 
economic burden on global gross domestic 
product.1 2 The classical hallmarks of AD 
include the accumulation of neurotoxic 
amyloid β-protein (Aβ) and intracellular 
neurofibrillary tangles composed of hyper-
phosphorylated tau protein (pTau) in the 
cerebral cortex and hippocampus. These 
pathological processes lead to inflammation, 
cellular metabolic dysfunction, neurodegen-
eration and progressive cognitive decline.3 4

Evidence has demonstrated that Aβ 
immunisation can mitigate retinal laminar 
structure loss by reducing Aβ plaque 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Retinal changes have been reported in Alzheimer’s 
disease (AD), but their value as non-invasive bio-
markers for early or preclinical detection remains 
uncertain due to variability and limited disease 
specificity.

WHAT THIS STUDY ADDS
	⇒ This systematic review synthesises evidence from 
spectral-domain optical coherence tomography 
(OCT) and OCT angiography studies, reporting struc-
tural and vascular retinal alterations in early and 
preclinical AD, while highlighting inconsistencies 
across studies and discussing possible pathophys-
iological explanations.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Our findings support the potential of OCT-based ret-
inal measures as candidate early biomarkers of AD, 
but emphasise the need for standardised imaging 
protocols, comparative studies across dementia 
subtypes and longitudinal validation to establish di-
agnostic utility.

https://bmjopen.bmj.com/
https://orcid.org/0009-0001-4159-244X
https://doi.org/10.1136/bmjophth-2025-002328
https://doi.org/10.1136/bmjophth-2025-002328
https://doi.org/10.1136/bmjophth-2025-002328
https://crossmark.crossref.org


2 Lepoittevin M, et al. BMJ Open Ophth 2026;11:e002328. doi:10.1136/bmjophth-2025-002328

Open access

formation, highlighting a link between Aβ and retinal 
changes in AD.5 Aβ has also been detected in the aqueous 
humour at comparable levels found in cerebrospinal fluid 
(CSF).6 Similarly, pTau accumulation has been observed 
in the retina, particularly in the inner plexiform layer 
(IPL) and the retinal ganglion cell layer (RGCL), where 
it contributes to retinal ganglion cell (RGC) loss and 
inflammation.7 8 Furthermore, pTau accumulation in the 
superior and peripheral retina correlates with cerebral 
AD pathology, strengthening the connection between 
retinal and brain changes in AD.9

Given the shared embryological, anatomical and 
physiological characteristics of retinal and cerebral vascu-
lature, the retina has long been considered a ‘window’ 
to the brain.10–13 As a site where ageing theories, disease 
mechanisms and pathophysiological processes converge, 
the retina offers valuable insights into systemic conditions 
affecting non-visible organs. Hypoxia, oxidative stress, 
inflammation and mitochondrial dysfunction—common 
causative factors in ageing—are shared between retinal 
and cerebral pathology.14 Notably, Aβ deposits in ageing 
retinas15 and their presence in drusen deposits (a hall-
mark of age-related macular degeneration (ARMD))16 
suggest a potential link between early retinal pathology 
and AD development.17

Challenges in AD diagnosis and the need for early detection
Most clinical symptoms of AD appear only at advanced 
stages, when significant and irreversible neuronal loss 
has already occurred. Yet, a long preclinical phase—
spanning up to 10–15 years—precedes symptom onset 
and represents a key window for early intervention. 
The recent approval of lecanemab, which slows cogni-
tive decline in early symptomatic AD,18 reinforces the 
importance of detecting AD pathology before clinical 
symptoms emerge. However, current tools for early detec-
tion remain invasive or expensive, and early signs are 
often mistaken for normal ageing, delaying diagnosis.19

Current diagnostic tools, such as Aβ positron emission 
tomography (PET) and CSF analysis, are both expen-
sive and invasive.20 21 Cognitive assessments, including 
the Mini-Mental State Examination (MMSE)22 and the 
Montreal Cognitive Assessment, have limited sensitivity 
for detecting early-stage AD.19 23 Genetic testing, such as 
identifying apolipoprotein E epsilon 4 (APOE ε4) vari-
ants, only identifies individuals at higher risk.24 Thus, 
there is a pressing need for fast, reliable, non-invasive 
and accessible diagnostic methods to detect AD at its 
preclinical stage. Such methods could enable person-
alised interventions and lifestyle modifications to delay 
symptom onset and maintain quality of life.19 25

The role of optical coherence tomography in AD research
Optical coherence tomography (OCT) is a non-invasive, 
repeatable, in vivo imaging technique based on low-
coherence interferometry. It enables the quantification 
of retinal and choroidal thickness, with analysis at the 
sublayer level.26 Advances in OCT technology, notably 

the transition from time-domain OCT to spectral-domain 
OCT (SD-OCT), have significantly enhanced image reso-
lution, providing detailed insights into retinal, choroidal 
and optic nerve architectures.

OCT angiography (OCT-A) further expands OCT’s 
capabilities by allowing non-invasive visualisation of 
vasculature without the need for dye injection.26–30 
OCT-A allows for precise characterisation of vascular 
structure and perfusion with the retina’s capillary layers, 
the choroid and the optic nerve head.27 Given the simi-
larities between retinal and cerebral vasculature, OCT-A 
holds promise as a valuable tool for assessing brain 
vascular health.31

Previous reviews on ocular biomarkers in AD have 
generally covered the full disease continuum, often 
pooling results from preclinical, mild cognitive impair-
ment (MCI) and dementia stages.32 This approach, while 
comprehensive, has limited the ability to discern whether 
OCT-based changes emerge early enough for preven-
tive intervention. Moreover, few reviews have specifically 
integrated findings from OCT-A in biomarker-defined 
preclinical cohorts, and none have systematically assessed 
study quality.17 26 Our review addresses these gaps by (1) 
restricting the scope to preclinical and early AD, (2) 
synthesising OCT and OCT-A findings in a stage-stratified 
manner, (3) explicitly reporting methodological quality 
and (4) proposing a mechanistic framework to recon-
cile conflicting results (early inflammation and vascular 
compensation vs later neurodegeneration and vascular 
rarefaction). This approach provides novel insights into 
the translational potential of retinal biomarkers in early 
AD, while acknowledging that the current evidence base 
remains limited and requires validation through larger, 
comparative and longitudinal studies.

This systematic review examines the potential of 
SD-OCT and OCT-A technologies to identify retinal 
biomarkers for detecting and monitoring AD during its 
early or preclinical stages.

MATERIALS AND METHODS
A comprehensive search of MEDLINE articles via PubMed 
was conducted in accordance with Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 2020 
guidelines, and the study was registered in National 
Institute for Health and Care Research-PROSPERO 
(CRD42024600456). PubMed/MEDLINE was selected as 
the primary database because of its extensive coverage of 
biomedical and ophthalmology literature; after internal 
discussion (with Sylvain), we decided not to extend the 
search to Embase, Scopus or Web of Science. We acknowl-
edge this as a limitation and now explicitly state it in the 
manuscript.

The search targeted human studies published up 
to April 2025 that evaluated one or both standard 
biomarkers for diagnosing preclinical or early-stage AD 
using CSF analysis or PET imaging in conjunction with 
SD-OCT and/or OCT-A. The search strategy combined 
Boolean operators and Medical Subject Headings terms. 
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To enhance completeness, we also performed reference 
list screening of included papers and relevant reviews, as 
well as forward citation tracking. These additional steps 
did not identify further eligible clinical studies, but they 
reinforced the robustness of the selection process. Exclu-
sion criteria included reviews, meta-analyses, case reports, 
animal studies, studies not published in English and 
studies involving ocular pathologies or systemic condi-
tions that could interfere with OCT results. One study 
was excluded because it used OCT solely for controlling 
ophthalmological parameters in patient assessments. 
Four articles focusing on early-onset AD rather than 
early-stage or preclinical AD were excluded (online 
supplemental table S1).

Two reviewers independently screened all titles and 
abstracts, removed duplicates and assessed full texts for 
eligibility using a standardised form. Discrepancies were 
resolved by consensus. Reasons for exclusion at each 
stage were recorded. The overall screening workflow, 
including the number of records identified, duplicates 
removed and studies excluded at full text, is summarised 
in online supplemental table S2.

The details extracted included author information, 
publication year, study design, population characteristics 
and study outcomes. Cognitive assessment tools and test 
names are reported exactly as described in the original 
included publications; they were extracted for descriptive 
purposes only and were not administered, used, copied, 
or reproduced by the authors of this systematic review. 
The methodological quality of the included studies 

was assessed using the Newcastle-Ottawa Scale (NOS)33 
(online supplemental table S3).

The findings were summarised in a narrative synthesis 
of the data. The risk of bias in individual studies was 
assessed to evaluate the internal validity of the results. 
Potential biases, including selection bias, information 
bias and publication bias, were given particular attention 
to ensure a robust interpretation of the findings.

The study process is summarised in figure 1.

RESULTS
This review included 22 studies (online supplemental 
table S3). Control groups were age matched, except 
for van de Kreeke et al, which compared monozygotic 
twins.34 35 Two studies specifically compared early-stage 
AD with vascular dementia (VD).36 37

Findings in preclinical AD
Peripapillary retinal nerve fibre layer thickness
Three studies reported significant thinning of the peri-
papillary retinal nerve fibre layer (RNFL) in the early 
stages of AD (from increased risk to mild to moderate 
disease) compared with controls.38 39 However, several 
studies found no statistically significant differences, 
though some observed trends. For instance, Mathew et 
al40 noted progressive RNFL thinning and macular thick-
ening during AD progression, while Kim and Kang41 
detected retinal thinning in mild to moderate AD but 
not in MCI, suggesting that structural changes may begin 
early but become detectable only later.

Figure 1  Study selection. A MEDLINE search based on relevant keywords identified 44 articles. These articles were reduced 
to 22 after excluding animal models, non-English articles, reviews, meta-analyses, case reports and articles not relevant to the 
topic. OCT, optical coherence tomography.

https://dx.doi.org/10.1136/bmjophth-2025-002328
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Interestingly, some studies noted sectorial RNFL thin-
ning, particularly in the nasal sector, aligning with patterns 
observed in established AD. Nasal fibres, following the 
papillomacular bundle, are particularly susceptible to 
degenerative damage due to their high energy require-
ment.15 42 Conversely, other studies (eg, van de Kreeke et 
al35) found no differences in peripapillary RNFL thick-
ness.

Finally, López-Cuenca et al43 observed significantly 
reduced retinal area volumes, including RNFL, in APOE 
ε4 high-risk patients, but no difference in peripapillary 
RNFL thickness.

RGCL thickness
Thinning of the RGCL was reported only by Romagnoli 
et al44 in mild to moderate AD. Other studies found no 
differences in asymptomatic at risk for AD or AD-MCI 
comparisons.35 45 46 Kim and Kang41 observed significant 
RGCL thinning only in severe AD, suggesting progressive 
changes as the disease advances.

IPL thickness
A non-significant thickening of the IPL in patients with 
AD was reported, hypothesised to result from retinal 
inclusion bodies containing fibrillar Aβ deposits, 
reflecting early inflammation.47 The initial thickening 
may mask potential thinning due to neurodegeneration. 
However, a study by Jorge et al found no differences in 
IPL thickness in patients with mild AD compared with 
controls.45

Findings in MCI
Macular thickness
Marquié et al36 reported sectorial thickening of the inner 
nasal macular region in individuals with positive Aβ PET 
scans. However, this did not predict progression from 
subjective cognitive decline to MCI. Other studies found 
no changes in macular thickness in asymptomatic at risk 
for AD,15 46 though significant thinning was noted in 
severe AD stages.41 Ascaso et al38 observed RNFL thin-
ning in patients with MCI and AD. Still, they reported 
increased macular volume in MCI (vs reduced in AD), 
potentially reflecting an early inflammatory phase 
masking neurodegeneration, which transitions to thin-
ning in AD as neuronal loss predominates.

Choroidal thickness
Choroidal thinning was observed in early AD in studies 
using age-matched participants, even without RNFL 
changes.48 This result was not found by Li et al,49 who 
noted significant thinning only in cases of severe AD. 
However, longitudinal studies have shown progressive 
thinning as the disease progresses.49 50 Moreover, López-
de-Eguileta et al50 found a trend in choroidal thinning 
in MCI, reaching significance when MCI and AD data 
were combined. Finally, Gharbiya et al48 linked tear 
Aβ1–42 levels to choroidal thickness and psychometric 
scores (MMSE and Alzheimer’s Disease Assessment Scale-
Cognitive Subscale).

Vascular analysis
Biscetti et al51 reported reduced retinal perfusion param-
eters in patients with MCI compared with controls despite 
standard retinal thickness and volume. The fractal 
dimension was increased in MCI, suggesting altered 
vascular network complexity. Other vascular changes in 
asymptomatic at-risk patients with AD include increased 
foveal avascular zone (FAZ) area, choriocapillaris flow 
deficits52 and retinal capillary loss, particularly in the 
deep plexus.42 However, Sadda et al53 found no significant 
differences in vascular density in the superficial and deep 
vascular plexus, potentially due to a small sample size 
(seven patients with preclinical AD and eight controls), 
even though ganglion cell layer-IPL integrity was notably 
reduced in the preclinical AD group.

Conversely, Marquié et al54 observed higher macular 
vascular density in the temporal quadrant of the MCI-AD 
group compared with controls but not in the MCI-VD 
group, suggesting disease vascular changes. Early 
vascular dysregulation in AD, driven by Aβ deposition, 
hypoxia and dysregulated angiogenesis, may trigger 
neuroinflammation, initially increasing vascular density 
before transitioning to vascular loss in later stages.55–57 
Aβ and collagen deposits within capillaries may induce 
cell apoptosis and retinal vessel closure over time. Aβ 
accumulation in the inner retinal layers (IRL) could 
also contribute to vascular changes. These observations 
suggest that vascular and structural changes in the retina 
occur in preclinical AD.

van de Kreeke et al34 also reported significantly higher 
vascular retinal density in asymptomatic at-risk patients 
with AD (defined by Aβ PET scans), with no FAZ size 
differences, while previous studies58–60 had highlighted 
reduced retinal vessel density and increased FAZ in estab-
lished AD. Increased retinal blood flow and vasodilation 
in early stages due to inflammatory response to early 
amyloid accumulation (such as observed in the brain) may 
reveal previously undetectable microvessels on OCT-A, 
leading to higher vascular density measurements.57 Over 
time, the inflammation and Aβ accumulation result in 
vascular damage and density reductions in advanced 
AD.58

Findings in mild AD
Comparison to other forms of dementia
Only two studies compared early-stage AD with other 
forms of dementia. Marquié et al36 found greater macular 
vessel density in the AD group compared with the VD 
group, in contrast to other studies that reported reduced 
vascular measures in AD.42 51 61 Conversely, Mavilio et al37 
found no differences in RNFL or RGCL thickness between 
VD and AD dementia, highlighting the complexity of 
structural changes across dementia subtypes.

Other putative OCT findings: retinal gliosis
Ravichandran et al62 identified potential epiretinal gliosis 
in asymptomatic at-risk patients with AD using en face and 
SD-OCT B-scans, despite no significant RNFL changes. 
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This finding suggests gliosis as a potential biomarker, 
though further research is needed to confirm its rele-
vance to retinal and cerebral ageing processes.

Figure 2 illustrates a schematic representation of retinal 
changes in asymptomatic at-risk AD.

Risk of bias and quality assessment
The methodological quality of the 22 included studies 
was appraised with the NOS. Overall, quality was predom-
inantly moderate: a minority of studies achieved a ‘good’ 
rating (typically those with biomarker-confirmed cohorts 
and stronger adjustment), while most were ‘fair’, and a 
smaller subset ‘poor-to-fair’. Ascertainment of AD status 
was heterogeneous—several studies confirmed diag-
nosis or risk status with PET/CSF, whereas others relied 
on clinical criteria alone. The most frequent limitations 
were small sample sizes, cross-sectional designs (only one 
longitudinal dataset), incomplete control for ocular/
systemic confounders (eg, glaucoma, diabetes, vascular 
risk) and limited reporting of masking/blinding for 
image analysis. OCT/OCT-A outcome measurement was 
generally objective and standardised, but variability in 

devices/segmentation may introduce measurement bias. 
A study-by-study NOS breakdown is provided in online 
supplemental table S3.

DISCUSSION
Retinal changes as biomarkers for AD detection
Evidence from postmortem biopsies of patients with 
cognitive impairment9 indicates that retinal and brain 
alterations occur simultaneously in several NDDs, 
including AD and Parkinson’s disease (PD). This 
supports retinal changes, as assessed through non-
invasive OCT, to detect preclinical and early AD stages. 
Key findings include thinning of the peripapillary 
RNFL, IRL and choroidal layers, as well as reduced 
retinal capillary density and abnormal vasodilatory 
responses. However, this review also highlights signifi-
cant discrepancies in OCT biomarkers in asymptomatic 
at-risk AD, such as thickening versus thinning of retinal 
and choroidal layers and increased versus reduced 
vascular density.

Figure 2  Schematic representation of retinal changes associated with preclinical Alzheimer’s disease (AD). Left panel: the 
normal retinal structure is shown with the major retinal layers—retinal nerve fibre layer (RNFL), ganglion cell layer (GCL), inner 
plexiform layer (IPL), inner nuclear layer (INL), outer plexiform layer (OPL), outer nuclear layer (ONL), photoreceptor layer 
(PRL), pigmented cells (PC) and the choriocapillaris (Ch). Glial cells (green) and retinal vasculature (blue and red vessels) 
are functioning normally, providing adequate blood flow and oxygenation to the retina. The thickness of the retinal layers is 
preserved, and the choriocapillaris beneath the photoreceptors ensures proper blood supply to the outer retina, supporting 
healthy visual function. Right panel: retinal pathology associated with preclinical AD. Thinning of the retinal layers is observed, 
particularly in the RNFL and GCL. Development of reactive glial cell proliferation on the retinal surface (detected by optical 
coherence tomography (OCT) en face, red) and putative transretinal gliosis (hypertrophy and proliferation), which might explain 
the macular thickening reported in some cohorts of early AD, have also been reported. The retinal vasculature shows reduced 
perfusion, with significant changes in microvascular density (studies report both reduced and increased density). Additionally, 
deficits in choriocapillaris blood flow are evident, further contributing to retinal dysfunction. Red labels and arrows highlight the 
changes in key pathological features seen in AD, including reduced retinal perfusion, vascular abnormalities, reactive gliosis 
and thinning of retinal layers.

https://dx.doi.org/10.1136/bmjophth-2025-002328
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Discrepancies in retinal thickness and vascular density
Inflammation within the retinal tissue during early AD 
stages,38 particularly in MCI, may partially explain these 
discrepancies. Reactive changes, such as RGC swelling, 
Müller glia proliferation or hypertrophy, could mask 
early neurodegeneration and vascular loss, contributing 
to observations of increased retinal thickness63–65 or the 
absence of detectable changes.66 67 These phenomena 
may represent an adaptive response to stress before irre-
versible damage occurs.

Interindividual variability in ageing processes, such 
as declines in neuronal, haematopoietic and immune 
resilience,14 68 69 could further explain inconsistencies in 
retinal biomarkers. Ageing-related changes, including 
oxidative distress, ischaemia and mitochondrial dysfunc-
tion, may correspond to different phases of resilience, 
ranging from ‘homeostatic’ to ‘stress’ and finally to 
‘failure’ stages.70 In established AD, this failure is marked 
by neuronal and vascular loss. Similarly, isolated epiretinal 
gliosis observed in some studies, such as Ravichandran 
et al,62 without corresponding retinal thickening, may 
indicate an adaptive response of retinal astrocytes to isch-
aemia rather than a disease-specific hallmark.68 71

Variability in vascular biomarkers across NDDs could 
also reflect differences in primary disease triggers. For 
instance, vascular parameters are often more signifi-
cantly affected and earlier in VD than AD.72–74 These 
inconsistencies underscore the need for longitudinal 
studies to track retinal changes in the same patients over 
time, enabling a deeper understanding of how these 
parameters evolve towards disease states and identifying 
opportunities for early interventions.

By stratifying results by disease stage, our review clari-
fies that OCT/OCT-A changes emerge progressively. In 
preclinical AD, alterations are inconsistent and some-
times paradoxical (eg, sectoral RNFL thinning, increased 
vs reduced vascular density), likely reflecting early 
inflammatory or compensatory mechanisms. In MCI, 
structural thinning (macular, choroidal) and vascular 
rarefaction become more consistent. In mild AD, retinal 
thinning across layers and vascular loss are most robustly 
demonstrated. This staged synthesis provides a clearer 
framework for interpreting OCT biomarkers along the 
AD continuum.

In contrast to the heterogeneous findings in preclin-
ical and MCI cohorts, moderate to severe AD consistently 
shows marked RNFL, RGCL and macular thinning, 
as well as vascular rarefaction.41 49 58 This comparison 
underscores that early changes are subtle and variable, 
whereas later stages reveal robust neurodegeneration, 
highlighting the need for longitudinal validation of early 
OCT/OCT-A biomarkers.

Study limitations
Many studies have small sample sizes, which limit their 
ability to detect subtle retinal changes. Additionally, some 
participants may not ultimately develop AD or harbour 
other quiescent NDDs, complicating the interpretation 

of findings.75 Long-term follow-up is critical to confirm 
whether preclinical retinal changes progress to AD and 
to distinguish these changes from normal ageing or other 
forms of dementia.

Exclusion criteria for confounding ocular or systemic 
conditions, such as diabetes or glaucoma, were incon-
sistently reported, which is problematic given that OCT 
findings are not specific to brain diseases.

Our search was limited to PubMed/MEDLINE; while 
this provides broad biomedical coverage, omission of 
Embase, Scopus and Web of Science may have led to 
missing studies. However, supplementary citation and 
reference list screening did not yield additional eligible 
clinical work.

Limitations of OCT
Device-related limitations
Variability in OCT technology and methodologies 
contributes to inconsistent findings. Differences in image 
quality segmentation algorithms, scan patterns and 
protocol updates27 can result in measurement discrepan-
cies.76 This is especially critical in preclinical AD, where 
retinal changes are subtle and require sensitive detection 
methods.

While SD-OCT and OCT-A show promise, their spec-
ificity for AD among NDDs remains unproven. A study 
comparing retinal measures in AD, amnestic MCI, PD and 
non-AD dementias found no significant differences in 
RNFL, RGCL thickness or macular volume.77 As demon-
strated in PD studies, combining multiple parameters 
with mathematical modelling may enhance specificity.78

Operator-dependent limitations
The reproducibility of OCT measurements depends on 
the operator’s expertise. Although modern OCT devices 
feature ‘follow-up’ software to align successive scans, 
accurate baseline measurements by certified operators 
are essential. Even though the reproducibility of retinal 
thickness measurements is high with low variability,79 80 in 
the context of preclinical AD, subtle changes can be chal-
lenging to measure and require precise segmentation 
methods to distinguish between retinal layers.81 The posi-
tioning of the SD-OCT beam is critical, and Henle’s fibre 
layer inclusion in outer nuclear layer (ONL) measure-
ments can artificially double ONL thickness. Irregular 
layer boundaries and decentring between the FAZ centre 
and the centre of the en face image can also introduce 
errors.82 Enhanced depth imaging and swept-source OCT 
technologies improve the deeper choroidal layers and 
boundary visualisation while combining manual segmen-
tation with the choroidal vascularity index, a quantitative 
biomarker that evaluates the ratio of vascular lumen area 
to the total choroidal area,83 which could provide valu-
able insights into ischaemic contributions to AD. Finally, 
a refined manual segmentation method described by 
Arrigo et al, although time consuming, improves the 
discrimination of the choriocapillaris and, therefore, the 
evaluation of hypoxia-ischaemia in the pathophysiology.84
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Patient-dependent limitations
Ocular conditions, such as elevated intraocular pressure, 
media opacities, dry eye (a feature of ageing, oxidative 
distress and mitochondrial dysfunction) and ARMD-
related fixation errors, can affect image quality. High 
myopia can introduce magnification errors, and myopic 
eyes should be excluded unless axial length is accounted 
for.85 Motion artefacts and compliance issues in OCT-A 
further limit the reliability of quantitative vascular 
measures.30 82 86

Interpretation and conceptual limitations
In contrast to earlier reviews that pooled all AD stages, 
our synthesis focuses exclusively on preclinical and early 
disease and integrates OCT-A metrics in biomarker-
defined cohorts. By stratifying results by disease stage 
and reporting methodological quality, we highlight both 
the promise and the limitations of OCT/OCT-A as early 
biomarkers. We also propose a mechanistic model, from 
early inflammation and compensatory vascular responses 
to later neurodegeneration and vascular rarefaction, that 
helps explain contradictory findings. This structured 
approach clarifies the unique contribution of OCT-based 
biomarkers to early AD detection and delineates the 
evidence still needed for clinical translation.

It is important to note that the OCT and OCT-A alter-
ations reported here are not specific to AD. Similar 
structural and vascular changes have been described in 
PD, VD and other NDDs.63 72 77 The paucity of compar-
ative studies across dementia subtypes further limits our 
ability to assess diagnostic specificity. Until such head-to-
head data are available, OCT-based retinal biomarkers 
should be regarded as potential markers of neurodegen-
eration more broadly, rather than AD-specific signatures.

Combined biomarkers and emerging technologies
Combining OCT findings with other biomarkers, such as 
plasma metabolite profiles (eg, amino acids and purines), 
could improve diagnostic accuracy. These metabolites 
have been associated with OCT features observed in 
early and intermediate stages of ARMD, including hyper-
reactive intraretinal foci, atrophy and ellipsoid zone 
disruption.87 Purine metabolites, altered in AD,88 suggest 
that the disease may be triggered by maladaptive use of 
the fructose-uric acid survival pathway, reflecting oxida-
tive stress.89 Given the multifactorial nature of NDDs, 
a single biomarker is unlikely to suffice for predicting 
preclinical AD. Coupling OCT biomarkers with serum 
metabolomics offers a perspective to overcome the 
current limitations of OCT in preclinical AD detection 
and enhance its specificity.

Emerging OCT technologies offer significant poten-
tial. High-resolution SD-OCT enables imaging at 
the mitochondria level within the photoreceptor’s 
inner segments90; spatiotemporal OCT enhances ‘en 
face’ imaging for full-thickness visualisation of the 
choriocapillaris-choroidal complex91; and adaptive 
optics-OCT images provide detailed imaging of cone 

photoreceptor nuclei and pores in the external limiting 
membrane, the blood-retinal barrier formed by Müller 
cell endfeet. These developments extend OCT’s capa-
bilities to the cellular and organelle level, enabling the 
assessment of homeostatic retinal neuronal, vascular and 
epithelial resilience.68

Ultrawide-field colour imaging facilitates the rapid 
detection of peripheral retinal drusen, which has long 
been associated with AD.32 Its application in evaluating 
retinal and choroidal vasculature in MCI represents a 
promising addition to the diagnostic toolkit for preclin-
ical AD detection.67 92

Strength of evidence
The methodological quality of the included studies was 
mostly moderate, which limits the strength of the conclu-
sions. Only a subset incorporated biomarker-confirmed 
cohorts (PET or CSF), while others relied on clinical 
diagnosis alone, increasing the risk of misclassification. 
Across the literature, small sample sizes, cross-sectional 
designs and heterogeneous OCT/OCT-A protocols 
further reduced reproducibility. These limitations under-
score the need for larger, longitudinal, biomarker-defined 
studies with standardised imaging protocols to establish 
the reliability and clinical utility of retinal biomarkers in 
early AD.

Practical implications for clinical translation
Our synthesis highlights several practical considerations 
for moving OCT/OCT-A from research into clinical use. 
First, standardised acquisition protocols, segmentation 
algorithms and vascular metrics are needed to ensure 
reproducibility across centres. Second, OCT/OCT-A 
should be evaluated in biomarker-confirmed longitu-
dinal cohorts to determine their predictive value for 
conversion from preclinical or MCI stages to AD. Third, 
in clinical settings, OCT/OCT-A could serve as a low-cost, 
non-invasive screening or enrichment tool to identify 
individuals who may benefit from further biomarker 
testing (eg, CSF, PET). Fourth, given the lack of disease 
specificity, OCT findings should be interpreted in combi-
nation with other biomarkers (fluid or imaging) to 
improve diagnostic accuracy. Together, these steps define 
a realistic translational pathway for integrating retinal 
imaging into early AD detection strategies.

Prospects
OCT carries a unique, non-invasive capacity to eval-
uate hypoxia (capillary loss), inflammation, epithelial 
dysfunction, glial reactivity and therefore the resulting 
alterations of tissular health (eg, rupture of barriers), 
central nervous system-specific loss of function (ie, 
neuronal loss), and the state of resilience to stress (eg, 
rheological microcirculation compensation).68 70 93 It has 
shown correlations with established AD and other NDDs 
like PD, paving the way for early detection. However, 
challenges remain: (1) standardising quantitative tech-
niques to process and analyse the OCT imaging,84 (2) 
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ensuring clinical reliability, (3) improving specificity for 
AD among NDDs and (4) gathering longitudinal data to 
confirm predictive value.

OCT changes reflect tissue dysfunction and, poten-
tially soon, cellular-level alterations, providing insights 
into resilience to chronic disease stressors. This may 
explain contradictory findings, such as increased versus 
reduced thickness or vascular perfusion. Integration 
with proteomics, metabolomics and artificial intelligence 
could enhance diagnostic precision.94 While OCT may 
identify early cognitive decline, its application remains 
limited to pioneer centres. Further research is essential 
to establish routine preclinical AD detection.

CONCLUSION
SD-OCT and OCT-A hold potential as non-invasive 
preclinical AD biomarkers, but further research is 
needed to develop reliable, sensitive and disease-specific 
diagnostic tools for routine clinical use.
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