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Learning Objectives
Upon completion of this activity the physician will be able to:
• Describe contemporary approaches to early detection of dementia and 

interpret their appropriate clinical application and limitations.
• Identify practical, function-focused management strategies that 

emphasize mobility and preservation of independence.
• Explain the importance of addressing visual-perceptual impairment and 

environmental cueing in adaptive care planning.
• Select appropriate PM&R-led interdisciplinary interventions to optimize 

cognition, mobility, and task performance while reducing caregiver 
burden.
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Poll Question 1: 

Which of the following tests is considered to be the most 
reliable and accurate blood-based biomarker for determining 
the presence of Alzheimer’s disease?

1. P-Tau231
2. Amyloid Beta 42/40 
3. P-Tau217
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Prevalence: “The Future”
Nature Medicine, January 2025

Lifetime risk of developing dementia after age 55 is 42%

By 2060 new cases of dementia will double going from 
514,000 to ONE MILLION CASES PER YEAR

Fang M, Jiaqi H, Weiss J et al. Lifetime risk and projected burden of dementia. Nature Medicine 2025
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Prevalence
1/3

+ 1/3

= 2/3
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What exactly is Alzheimer’s Disease

-Amyloid plaques 
-Neurofibrillary tangles (tau)
-Inflammation
-Astrocyte and synaptic 
dysfunction
-Shrinkage of the brain 
(atrophy)
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Jack et al. Alzheimer’s & Dementia 2024



© 2025 American Medical Association. All rights reserved.11

Some issues with diagnosis 
• 85% of people living with dementia were diagnosed by providers who do 

not specialize in dementia

• Diagnosis of AD is delayed until moderate or advanced stages in 50% or 
more patients  

• Greater delays among individuals from racial and ethnic minority groups

• 50% did not feel adequately prepared to care for individuals who had been 
diagnosed
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Early Diagnosis is Important

• Early diagnosis allows for significant planning for the 
future

• Early diagnosis allows for early therapeutic 
interventions
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Recent Developments in Alzheimer’s Disease

• Now have reliable blood-based biomarkers - pTAU217

• Now have disease modifying treatments 
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Blood-based biomarkers
• Three biomarkers of interest: p-tau181, p-tau217 and p-tau231

• There is a significant correlation between CSF and blood levels of P-tau

• Levels start increasing close to amyloid positivity on PET

• Levels start to increase just after the drop in CSF Aβ42/Aβ40 ratio and prior to 
the cut-point for Aβ-PET positivity has been reached.

Unimpaired individuals with abnormal biomarker test results are at risk for 
symptoms due to AD. They are not at risk for a disease they already have.
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Treatment 

>   Disease modifying treatment: 
• Interventions that produce an enduring change in the clinical 

progression of AD by interfering in the underlying pathophysiological 
mechanisms of the disease process that lead to cell death as 
demonstrated by biomarkers

> “Symptomatic” treatment: 
• Interventions that improve cognition, defer functional decline, or 

ameliorate behavioral symptoms without altering the underlying 
disease processes that comprise AD pathogenesis and without producing 
enduring changes that persist when the treatment is withdrawn.
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Monoclonal Antibody Treatment

• Lecanemab – preferentially removes protfibtils and oligomers
 2023

• Donanemab – preferentially removes amyloid plaque
 2024
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Treatment of Neuropsychiatric Symptoms

• Treatment of insomnia in Alzheimer’s disease 
  suvorexant (2020)

• Treatment of agitation associated with dementia due to Alzheimer’s disease 
  bexpriprazole (2023)

• Treatment of agitation associated with dementia due to Alzheimer’s disease 
  dextromethorphan/bupropion (2026)
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Missing Link 
of Comprehensive Dementia 
Care

Nonpharmacological 
Interventions

CPT codes 96202 and 96203
Multiple-family group behavior
management/modification training
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Thank you!           

E-mail: Allan.Anderson@bannerhealth.com
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Speaker
Renee C. Bovelle, MD
• Delegate & MedChi BOT Member 
• Practicing ophthalmologist in Glenn Dale, Maryland 
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Poll Question 2: 

What has been the most exciting change in medicine you have 
seen in the last five years?
 

 .  
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K E Y  S T A T I S T I C S

3×
Dementia risk: combined sensory 

impairment 
(Lin & Bhatt, 2020)

48%
Cognitive decline reduction — hearing 

intervention (ACHIEVE, 2023)

8%
Global dementia risk attributable to 

sensory loss (Lancet 2020)

38M
Americans living with vision 

impairment
 (CDC, 2023)
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What is Oculomics?

Oculomics is the study of ocular biomarkers that reflect systemic disease — using AI and retinal imaging to 
detect early signs of cardiovascular, renal, and neurodegenerative disorders non-invasively.

Non-Invasive

Uses standard retinal imaging — no 
needles, scans, or biopsies required

AI-Powered

Deep learning detects patterns invisible 
to the human eye

Early Detection

Identifies disease markers years before 
clinical symptoms appear

Yadav S et al. Ocular changes as potential biomarkers for early diagnosis of Alzheimer's disease. Alzheimer's & Dementia 2025 (open access). doi:10.1002/alz.70052 | Rastmanesh R. Early prediction of CNS problems by combined ocular markers. Front Integr 
Neurosci 2024. doi:10.3389/fnint.2024.1394254
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The Eye: A Window to the Brain
The retina is embryologically derived from neural ectoderm — it is, literally, central nervous 

system tissue.
Embryological Origin

▸ Retinal ganglion cells (RGCs) are CNS neurons sharing 
identical developmental origin with cerebral cortex 
neurons (London et al., Brain 2013)

▸ The optic nerve is a white-matter tract — not a 
peripheral nerve

▸ Retinal vasculature directly mirrors cerebral 
microvascular anatomy

Shared Amyloid & Tau Pathology

▸ Amyloid-β plaques deposit in 
the retina BEFORE symptomatic 
Alzheimer's disease — detectable 
3–5 yrs prior (Koronyo et al., JCI Insight 2017)

▸ Tau neurofibrillary tangles 
identified in retinal neurons in 
post-mortem AD (den Haan et al., Acta 
Neuropathol. 2018)

▸ TDP-43 pathology (FTD/ALS) 
expressed in inner nuclear layer

Vascular Biomarkers▸

 Retinal arteriolar narrowing 
correlates with cerebral white-
matter lesion burden and 
predicts cognitive decline (Wong et 
al., JAMA 2002)

▸ Fractal dimension of retinal 
vasculature tracks with brain 
atrophy and dementia severity

▸ Arteriovenous ratio predicts 
stroke risk — validated on UK 
Biobank (Cheung et al., Ophthalmology 
2014)

London A et al. Brain. 2013;136(Pt 7):2005-2016.   |   Koronyo Y et al. JCI Insight. 2017;2(16):e93621.   |   den Haan J et al. Acta Neuropathol Commun. 2018;6(1):147.   |   Wong TY et al. JAMA. 2002;287(9):1153-1159.   |   Cheung N et al. Ophthalmology. 2014;121(9):1772-1778.
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The Eye as a Window to the Brain

Clinical Insight: Non-invasive retinal imaging 
may serve as an accessible CNS biopsy surrogate 
for early detection of neurodegenerative disease

Similar neuronal and microvascular alterations are 
found in the eye AND the brain in patients with 
cognitive impairment or dementia.

Visual impairment has been proposed as 
one of the earliest symptoms of 
dementia — sharing risk factors 
including age, vascular disease, and 
physical inactivity.

Shared Risk Factors
Advancing age

Vascular & metabolic disease

Physical inactivity

Cognitive impairment

Shared Outcomes
Falls · Functional decline · Reduced quality of life · 
Increased mortality

Rastmanesh R. Early prediction of CNS problems  combined ocular markers. Front Integr Neurosci 2024. doi:10.3389/fnint.2024.1394254 | Yadav S et al. Ocular changes as potential biomarkers for early diagnosis of Alzheimer's disease. Alzheimer's & 
Dementia 2025 (open access). doi:10.1002/alz.70052 | Ponirakis G et al. Association of corneal nerve fiber measures with cognitive function in dementia. Ann Clin Transl Neurol 2019;6:689–697. doi:10.1002/acn3.746
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Oculomics & Dementia

  Retinal Deep Phenotyping

Fundus photography + AI identifies 'RetinalAge gap' — difference 
between retinal apparent age and chronological age predicts 
dementia incidence (HR 1.49 per 5 yr gap). Tian et al., Br J Ophthalmol 2023.

  Retinal Vasculature Mapping
Fractal dimension, vessel tortuosity, and caliber 
asymmetry quantified from fundus photos correlate 
with white-matter hyperintensity volume and MMSE 
decline (Cheung CY et al., Nature Biomed Eng 2022

  Multi-Disease Oculomics
Single retinal scan predicts: age, sex, BMI, BP, HbA1c, 
smoking, renal function, and neurological risk with 
AUC >0.70 (Poplin et al., Nature Biomed Eng 2018). Enables population-
level screening.

  UK Biobank Oculomics Study

Raman et al. (2024): multivariate retinal features in 
40,000+ participants predicted dementia 5 yrs before 
clinical diagnosis with AUC 0.79; retinal nerve layer metrics 
were the strongest independent predictors.

Tian J et al. Br J Ophthalmol. 2023;107(11):1663-1669.   |   Cheung CY et al. Nature Biomed Eng. 2022;6:1394-1406.   |   Poplin R et al. Nature Biomed Eng. 2018;2:158-164.   |   Koronyo-Hamaoui M et al. Alzheimers Dement. 2023;19(5):1900-1915.   |   Hadoux X et al. Sci Transl 
Med. 2019;11(503):eaaw5843.

Retinal Aβ42/Aβ40 ratio (scanning laser 
ophthalmoscopy + curcumin staining) correlates strongly 
with CSF Aβ42/Aβ40 and amyloid PET burden (Koronyo-Hamaoui 
et al., Alzheimers Dement 2023).

  Oculomics + CSF/PET Validation
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Corneal Imaging for Diagnosis

Corneal confocal microscopy (CCM) measures corneal nerve fiber density,
showing progressive loss across the dementia spectrum:
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p < 0.0001 across all groups

Key Diagnostic Findings

Superior to MRI for MCI

CCM diagnostic accuracy exceeded medial temporal lobe 
atrophy (MTA) rating on MRI for detecting mild cognitive 
impairment.

Comparable to MRI for Dementia

CCM performance matched MRI brain volumetry for 
distinguishing dementia from no cognitive impairment.

Associated with Cognitive Decline

After adjusting for confounders, corneal nerve fiber loss was 
significantly linked to lower cognitive function and reduced 
independence.

Ponirakis G et al. Association of corneal nerve fiber measures with cognitive function in dementia. Ann Clin Transl Neurol 2019;6:689–697. | Al-Janahi E et al. Corneal nerve and brain imaging in mild cognitive impairment and dementia. J 
Alzheimers Dis 2020;77(3):1533–1543. | Ponirakis G et al. Loss of corneal nerves and brain volume in mild cognitive impairment and dementia. Alzheimers Dement Transl Res 2022;8:e12269.
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Corneal Imaging for Prediction

30.8%
of MCI patients
progressed to
dementia over

2.6 years

n = 107 MCI patients followed over 
2.6 years (33 progressed to 
dementia)

Prognostic Accuracy: CCM vs MRI

74 68 69
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CCM outperformed both MRI volumetry measures
for predicting MCI→dementia conversion

CCM: MCI Non-Progressor vs Progressor

Ponirakis G et al. Ann Clin Transl Neurol 2023;10:737–748. doi:10.1002/acn3.5174 | Oculomotor eye tracking data. Alzheimer's & Dementia 2025 (open access). doi:10.1002/alz.70052

Corneal nerve fiber morphology in a patient with MCI with and without progression to 
dementia. Corneal confocal microscopy (CCM) images of the sub‐basal nerve plexus (A and 
B) and analyzed CCM images (C and D) from a patient with MCI without (A and C) and with (B 
and D) progression to dementia. The Heidelberg Retinal Tomograph 3 device with the 
Rostock Cornea Module (E) that captures the corneal nerve fiber images (F).
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Beyond Nerve Fibers: Endothelial Cells

Corneal endothelial cell (CEC) morphology offers an additional layer of neurovascular biomarker information:

K e y  F i n d i n g

Corneal endothelial cell density (CECD) was significantly 
reduced in dementia patients versus no-cognitive-
impairment controls
(1971 vs 2316 cells/mm², p < 0.05)

CECD was comparable between MCI and NCI groups — 
suggesting endothelial changes emerge later, at the dementia 
stage.

Neurovascular Biomarker

Corneal nerve AND endothelial cell abnormalities together reflect 
vascular pathology in dementia — capturing different aspects of disease.

Mediation Effect
Reduced CECD partially mediates the effects of age and diabetes on 
corneal nerve fiber loss — linking systemic risk factors to 
neurodegeneration.

Clinical Potential

Combining CCM nerve metrics with endothelial cell density may improve 
diagnostic specificity for dementia staging.

Ponirakis G et al. Association of corneal endothelial cell morphology with neurodegeneration in MCI and dementia. Alzheimers Dement Transl Res 2025;11:e70025. doi:10.1002/trc2.70025 | Ponirakis G et al. Loss of corneal nerves and brain volume in mild 
cognitive impairment and dementia. Alzheimers Dement Transl Res 2022;8:e12269. doi:10.1002/trc2.12269 | Li H et al. Potential ocular biomarkers for early detection of Alzheimer's disease and their roles in AI studies. Eye 2023;37:2999–3016. 
doi:10 1038/s41433-022-01244-9
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Corneal Endothelial Cell Layer Imaging
Images A–D: Endothelial Cell Analysis

A & C — Original images of the corneal endothelial 
cell layer.
B & D — Analyzed images with automated 
segmentation (green outlines).

The automated software accurately segments 
endothelial cells and quantifies:
• Cell density (cells/mm²)
• Average surface area (µm²)

Images E–G: CCM by Cognitive Stage

E

No Cognitive
Impairment

F

Mild Cognitive
Impairment

G

Dementia

Endothelial cells appeared larger with
increasing disease severity, but the difference
was not statistically significant.

CCM = corneal confocal microscopy. Scale bar = 100 µm. Automated segmentation software quantifies endothelial cell density (cells/mm²) and average surface area (µm²).
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OCT/A in Alzheimer's Disease
Retinal Nerve Fiber Thinning
OCT imaging reveals significant thinning of the RNFL and ganglion cell inner 
plexiform layer (GCIPL) — mirroring cerebral atrophy seen in Alzheimer's 
patients.

Microvascular Changes
OCTA imaging shows decreased retinal perfusion density, reduced 
vessel density, enlarged foveal avascular zone. AD has a significant 
vascular component.

Shi et al. Retinal vascular alterations in cognitive impairment. Alzheimer's & Dementia 2025. doi:10.1002/alz.14593 | Hao et al. EyeAD: A novel model for retinal imaging in the diagnosis of Alzheimer's disease. npj Digital Med 2025;8:19. doi:10.1038/s41746-
025-01437-0 | Ponirakis G et al. Association of corneal nerve fiber measures with cognitive function in dementia. Ann Clin Transl Neurol 2019;6:689–697. doi:10.1002/acn3.746 | Al-Janahi E et al. Corneal nerve and brain imaging in mild cognitive impairment 
and dementia. J Alzheimers Dis 2020;77(3):1533–1543. doi:10.3233/JAD-200254 | Yadav S et al. Ocular changes as potential biomarkers for early diagnosis of Alzheimer's disease. Alzheimer's & Dementia 2025 (open access). doi:10.1002/alz.70052 | Li H et al. 
Potential ocular biomarkers for early detection of Alzheimer's disease and their roles in AI studies. Eye 2023;37:2999–3016. doi:10.1038/s41433-022-01244-9
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Optina Retinal Deep Phenotyping  platform is 
composed of a hyperspectral camera and 
image analysis software (AI algorithm) to 
detect early signs of pathologies having 
manifestations in the fundus of the eye. The 
hyperspectral retinal camera is based on a 
custom-built mydriatic fundus camera 
incorporating a tunable laser source based on 
Photon etc.’s Bragg grating filtering technology 
(see Figure 1).

Hyperspectral imaging identifies a spectral signature for amyloid-β in early AD patients 
confirmed via brain PET — enabling repeatable, non-invasive screening
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Landmark Research: The AlzEye Project

24M+
Retinal images linked

350K+
Patients at Moorfields

7 yrs
Parkinson's detected before 

diagnosis

400+
International news sources

Links retinal images with NHS Hospital Episode Statistics covering MI, stroke, and all-cause 
dementia
Parkinson's Disease detected up to 7 years before clinical diagnosis using retinal biomarkers 
(published in Neurology)

Led by UCL Prof. Pearse Keane & Dr. Siegfried Wagner at INSIGHT — the world's largest ophthalmic imaging 
bioresource
2025 update: expanded 2018–2024 linkage with cause of death certificates; ethical approval for 
neurodegeneration & dementia studies

Wagner SK & Keane PA. AlzEye: linking retinal images with NHS Hospital Episode Statistics. UCL/Moorfields INSIGHT Hub 2025 dataset update. | Rastmanesh R. Early prediction of CNS problems by combined ocular markers. Front Integr Neurosci 2024. 
doi:10.3389/fnint.2024.1394254
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Cataract Surgery & Dementia Prevention
  LANDMARK: Tseng et al. — JAMA Internal Medicine 2022

Prospective cohort (n=3,038). Adults undergoing cataract surgery had a 29% lower risk of developing dementia over 10 
years vs. non-surgical controls (HR 0.71, 95% CI 0.63–0.79). Effect size exceeded hearing aids, social activity 
interventions, and most pharmacological trials to date.

Restored Luminous Input
Cataract removal restores blue-spectrum light, 
normalising circadian rhythm via ipRGCs — 
improves sleep quality and reduces delirium (Lam et 
al., Sleep Med. 2021).

Re-activated Neural Circuits
Visual cortex re-engagement restores 
cholinergic and dopaminergic pathway activity 
involved in attention and memory 
consolidation (Jefferis et al., Age Ageing 2021).

Social Re-engagement
Improved VA enables reading, driving, face 
recognition — rebuilding protective social 
networks (Miyata et al., Sci Rep. 2021; Wilson et al., Arch 
Neurol. 2007).

Neuroinflammatory Pathway
UV-blocking IOLs used post-surgery may reduce 
lens-mediated oxidative stress signals linked to 
retinal amyloid accumulation (Shang et al., IOVS 2023).

Tseng VL et al. JAMA Intern Med. 2022;182(2):134-141.   |   Lam B et al. Sleep Med. 2021;77:118-123.   |   Jefferis JM et al. Age Ageing. 2021;50(2):402-409.   |   Miyata K et al. Sci Rep. 2021;11:11741.
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The eye is not just a window to the soul — it is a window to the brain. Preserve vision; protect cognition.

1

Screen All Dementia Patients for Vision 
Impairment

Annual visual acuity, contrast sensitivity, and 
fundus exam. Up to 70% of memory-clinic 
patients have uncorrected vision loss.

2

Refer Cataracts Promptly — Do Not Defer

Cataract surgery is the single most evidence-
based modifiable intervention. Cognitive 
impairment is NOT a contraindication.

3

Incorporate OCT into Memory Clinic 
Workflows

Baseline RNFL and macular thickness provide 
predictive value beyond cognitive composite 
scores alone.

4

Address Vision AND Hearing Together

Dual sensory impairment multiplies 
dementia risk. Combined correction offers 
synergistic cognitive benefit.

5

Embrace Oculomics as a Screening Tool

Retinal deep phenotyping and AI-based 
RetinalAge gap can identify high-risk 
individuals 5 years before diagnosis.

6

Optimise Visual Environment in Care 
Settings

High contrast, adequate luminance, blue-
spectrum therapy, and glare reduction reduce 
BPSD, falls, and caregiver burden.

Tseng VL et al. JAMA Intern Med. 2022;182(2):134-141.  |  van de Kreeke JA et al. Neurology. 2022;98:e1642.  |  Livingston G et al. Lancet. 2020;396:413-446.  |  Tian J et al. Br J Ophthalmol. 2023;107:1663-1669.
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Speaker
Daniel N. Pierce, MD
YPS Delegate, American Academy of Physician 
Medicine and Rehabilitation (PM&R)
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Poll Question 3: 

The current Olympic distance for race walking is 20 km, with the world 
record pace at this distance being 4.3 m/s (almost 10 mph). What is the 
generally accepted threshold for gait speed at which there is an 
increased risk of cognitive decline?

1. 0.8 m/s
2.  1.0 m/s
3.  1.2 m/s
4.  No definitive threshold exists
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Physical Medicine and Rehabilitation

• From AAPM&R:
o Physiatry (PM&R) is the medical 

specialty which aims “to enhance 
and restore functional ability and 
quality of life to those with physical 
impairments or disabilities… 
Unlike other medical specialties that 
focus on a medical cure, the goals of 
the physiatrist are to maximize 
patients’ independence in activities of 
daily living and improve quality of 
life.”
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• Definition
o Simultaneous physical frailty and 

mild cognitive impairment (MCI) 
without dementia.

45

Overlap of Physical and Cognitive Decline: 
Cognitive Frailty
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Early Identification:
Function as the “Sixth Vital Sign”
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• Goal
o Maximize everyday functioning and independence by working 

around cognitive deficits rather than trying to restore lost brain 
tissue.

• Interdisciplinary Rehabilitation Team
o Speech-Language Pathologists (SLPs) target cognitive-

communication
 Memory
 Attention
 Problem-Solving
 Executive Function

o Occupational Therapists (OTs) focus on functional cognition
 Activities of Daily Living
 Adapting the environment

o Physical Therapists (PTs) can assist with cognitive-motor 
interference

47

Dementia Rehabilitation Interventions: Cognitive
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• Goal
o Improve or maintain mobility, balance, 

strength, and cardiovascular health to 
reduce the risk of falls and prolong 
independent living.

• Interdisciplinary Rehabilitation Team
o Occupational Therapists (OTs) focus on 

Activities of Daily Living
o Physical Therapists (PTs) can assist with 

physical function
 Aerobic Exercises
 Strengthening Exercises
 Balance and Coordination
 Dual-task and cognitive-motor

48

Dementia Rehabilitation Interventions: Physical 
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Example: Tailored Activity Program-VA
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Dementia Lifestyle Interventions



© 2025 American Medical Association. All rights reserved.

• $100 million of grants to consider 
population health-level 
implementation of lifestyle 
medicine interventions to improve 
health and cost outcomes in 
Medicare FFS population
o 3 of the 30 grants to be reserved 

for interventions targeting 
cognition

51

Implementing Interventions at Scale
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Take-home points

• Decline in function can occur over multiple domains, with a significant co-
occurrence of physical frailty and cognitive impairment

• Routine screening of physical measures such as grip strength and 
walking speed can improve early identification of cognitive impairment

• Functional deficits in cognitive impairment and dementia benefit from both 
Cognitive Rehabilitation and Physical Rehabilitation interventions

• While structured therapy programs are time-limited, targeted lifestyle 
medicine interventions can improve function in cognitive impairment
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