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The effect of bilberry nutritional supplementation on night 
visual acuity and contrast sensitivity 

Alternative Medicine Review (2000) 5(2):164-173.

Purpose:

Investigation on the effects of bilberry on night visual acuity (VA) and night contrast sensitivity (CS).

Methods:

• Double-blind, placebo-controlled, crossover design using male subjects (25-47 years) with BCVA ≥ 20/20 
• 8 received placebo and 7 received active capsules for 3 weeks. 

• Active capsules contained 160 mg of bilberry extract (25% anthocyanosides)

• Subjects ingested one active or placebo capsule three times daily for 21 days. 

• After the three-week treatment period, a 1-month washout period was employed to allow any effect of 
bilberry on night vision to dissipate. In the second 3-week treatment period, the 8 subjects who first 

received placebo were given active capsules and the 7 who first received active capsules were given 

placebo. 
• Night VA and night CS was tested throughout the 3-month experiment.

Results:
• No difference in mesopic VA during any of the measurement periods 

• No difference in mesopic CS during any of the measurement periods
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Methods:

Data were obtained from the US National Health and Nutrition Examination Surveys from 2005 to 2008, with linked 

mortality through 2015. Severity of retinopathy was defined as no retinopathy, mild nonproliferative retinopathy 

(NPR), moderate-severe NPR, and proliferative retinopathy.

Results:

Of 5,543 participants aged ≥18 years with gradable retinal 
imaging, 696 had retinopathy, 289 had stroke, and 597 had 

dementia. Mean age of subjects was 56.3 ± 11.7 years. 

Retinopathy was associated with higher risk of stroke 

(adj OR 2.39, P<0.001) and dementia (adj OR 1.68, P=0.005). 

Over a median duration of 118 months (IQR 111-125), there 

was a dose-dependent relationship between severity of 

retinopathy and all-cause mortality.

Conclusions:

Participants with retinopathy have a 2X greater dementia 

risk. Retinopathy confers a higher risk of death after 

adjusting for age and vascular risk factors. 

Retinopathy is Associated With Stroke, Dementia and Mortality
Stroke, (2021) 52 (Suppl_1), A8-A8.
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Approximately 100-120 million rods

Peak density of 100,000/mm2

Approximately 4-5 million cones

Peak density of 200,000/mm2

Macula

5.5mm diameter

Fovea

1.5mm diameter

Foveola 

0.3mm diameter

RETINAL 
ANATOMY
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OCULAR
PHYSIOLOGY

+  
SYSTEMIC

DISEASE

• Retina is a highly metabolic neurological tissue         

with a microvascular supply originating at                    

the internal common carotid artery

• Retinal imaging can be achieved in vivo with 

resolution limits of ~5µm

• Compare 4T MRI spatial limits of ~1mm

• Subclinical vascular and neurological changes that 

manifest as retinal dysfunction can precede clinical 

symptoms by months to years

• Although the diversity of systemic disease is broad, 

shared characteristics with the eye include:

• Inflammation

• Oxidative Stress

• Mitochondrial dysfunction
©2019 Alltech, Inc. All rights reserved.

Retinopathy
• Prevalence

• Etiology

• Pathogenesis 

©2019 Alltech, Inc. All rights reserved.

Clinical Retinopathy

Prevalence
20M Americans show clinical macular degeneration 

- Estimated 5M persons undiagnosed

27M Americans diagnosed with diabetes

- Estimated 8M persons undiagnosed 

*35% of patients >65 have diabetes and/or AMD 

clinical findings 

88M Americans have clinical retinopathy risk:

• Age
• Family History (Genetic Predisposition)

• Ethnicity

• Smoking

• Cardiovascular Disease (advanced & exudative AMD)
• Obesity

• Diet low in fruits/vegetables and Ω-3 FAs
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• Cholesterol accumulation leads to 

macular deposits  (BlinD and BlamD)

• Peaks in these deposits become    

clinically-visible drusen

• Extracellular cholesterol deposits:

• Impact photoreceptor health 

• Initiate inflammation 

• Create CNV predisposition

• Limit Vitamin A transport across 

Bruch’s membrane

** Leads to localized Vitamin A deficiency                

and impaired dark adaptation **

Clinical Retinopathy

Pathogenesis – RPE Dysfunction
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Retinal microvascular network alterations: 

potential biomarkers of cerebrovascular and 

neural diseases
Am J Heart Circ Physiol (2017) 312: H201–H212

• Retinal microvascular network alterations are

potential biomarkers of cerebrovascular and 

neural disease

• Reflect the condition of brain microvessels

due to shared standard features in 

development, morphology, function and 

pathophysiology

• Cerebrovascular and neurodegenerative 

screening show  potential to aid in subclincal

diagnosis

Clinical Retinopathy

Pathogenesis – Microvascular insults
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Methods

Population-based, cross-sectional study of 1684 persons 55 to 74 years of age 

without a history of clinical stroke. Retinal photographs were graded for 
presence of microvascular abnormalities, including arteriovenous nicking, 

focal arteriolar narrowing, retinal hemorrhages, soft exudates and 

microaneurysms. MRI scans were graded for presence of cerebral infarct with 

typical imaging characteristics. 

Results

Total of 183 MRI cerebral infarcts adjusted for age, gender, race, 6-year MAP, 

DM and other stroke risk factors, cerebral infarcts were associated with retinal 
microvascular abnormalities, with odds ratios:

• A/V nicking = 1.90

• Focal arteriolar narrowing = 1.89

• Blot hemorrhages = 2.95
• Soft exudates = 2.08

• Microaneurysms = 3.17

*In stratified analyses, associations were only present with HTN

Conclusions

Retinal microvascular abnormalities are associated with MRI-defined 

subclinical cerebral infarcts independent of stroke risk factors

Retinal Microvascular Abnormalities and MRI-Defined Subclinical 

Cerebral Infarction: Atherosclerosis Risk in Communities Study
Stroke (2016) 37: 82-86
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Clinical Retinopathy

Macular Degeneration Diabetic Retinopathy
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Clinical Retinopathy

Macular Degeneration Diabetic Retinopathy
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Prevalence of undiagnosed AMD in primary eye care 
JAMA ophthalmology (2017) 135(6):570-575

RESULTS

Sample consisted of 1288 eyes from 644 participants with mean age 

69±6.1 years seen by 31 primary eye care OMDs or ODs

• 320 (25%) had AMD despite no diagnosis of AMD in the 

medical record

• 32 (10%) had hyperpigmentation 

• 43 (13%) had hypopigmentation

• 249 (78%) had small drusen

• 250 (78%) had intermediate drusen  → AREDS 2 criteria 

• 96 (30%) had large drusen → AREDS 3 criteria 

**Findings were not different for OMD vs. OD

CONCLUSIONS AND RELEVANCE 

• ~25% of normal eyes based on DFE had macular 

characteristics of AMD revealed by fundus photography

• ~30% undiagnosed AMD had large drusen treatable with 

nutritional supplements had it been diagnosed

• Improved AMD detection strategies may be needed as more 

effective treatment strategies become available
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Retinal 
Subclinical 

Imaging

• Optical Coherence Tomography

• Optical Coherence Tomography Angiography

• Dark Adaptometry (AdaptDx)

• Full Field Flash ERG (RETeval)

©2019 Alltech, Inc. All rights reserved.

Subclinical Retinal Imaging

Optical Coherence Tomography
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Subclinical Retinal Imaging

Optical Coherence Tomography Angiography
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Subclinical Retinal Imaging

Optical Coherence Tomography Angiography

Superficial capillary plexus (SCP) 

Within NFL and GCL at the same level as the arterioles and 

major venules

Deep capillary plexus (DCP)

Between the INL and the OPL 

Avascular outer retina

Comprises the ONL and PR nuclear layer and photoreceptors.     

*normally avascular where any apparent flow is a projection 

artifact or results from pathology
©2019 Alltech, Inc. All rights reserved.

Quantitative retinal optical coherence tomography 

angiography in patients with diabetes without 

diabetic retinopathy
Invest ophthal & visual science. (2020) 58(1):190-196

RESULTS

In superficial and deep retina, vessel densities in DM patients without 

retinopathy (NDR) were decreased as compared to control subjects . 

FAZ in superficial retina of NDR patients was greater than in controls. 

SCP density significantly correlated with full retinal thickness and 

volume in parafovea and with outer retinal volume in parafovea of 

healthy subjects. Systolic blood pressure and ocular perfusion 

pressure significantly correlated with DCP density in NDR but not 

in controls. 

CONCLUSIONS

SCP and DCP density in parafovea of diabetic patients without 

diabetic retinopathy are both decreased compared to healthy 

subjects. Vessel density with retinal tissue thickness and with subject’s 

clinical characteristics differ between healthy subjects and patients 

with NDR.

Subclinical Retinal Imaging

Optical Coherence Tomography Angiography
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Eye, kidney and cardiovascular disease:         

Old concepts, better tools and new horizons
Kidney International (2020) 98, 323–342

Chronic kidney disease (CKD) is common, with

hypertension and diabetes mellitus acting as major risk

factors for its development. Cardiovascular disease is the

leading cause of death worldwide and the most frequent

end point of CKD. Clinical and preclinical OCTA has linked 

retinal microvascular pathology to circulating and histological 

markers of injury in the

kidney. 

OCTA allows contrast-free visualization of intraretinal 

capillary networks to potentially detect early incipient 

microvascular disease. Combining SCP and DCP imaging with 

the analytical power of deep learning represents the next 

frontier in defining what the eye can reveal about the kidney 

and broader cardiovascular health.

Subclinical Retinal Imaging

Optical Coherence Tomography Angiography

22 23 24

25 26 27



8/31/2023

5

©2019 Alltech, Inc. All rights reserved.

OCTA studies showing early neovascular changes in atrophic AMD 
American Academy of Ophthalmology EyeNet (2018)

Methods: 

Prospective monitoring of 160 eyes with intermediate AMD or GA with exudative AMD in the fellow eye

At baseline: 15% of atrophic AMD eyes showed subclinical macular neovascularization 

At 1 year: 24% of eyes with subclinical macular neovascularization developed exudative disease

Conclusion: 

Relative risk of exudative disease at 1 year was 15X greater in eyes with subclinical NV findings

Subclinical Retinal Imaging

Optical Coherence Tomography Angiography
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Retinal vessel density in exudative and nonexudative age-related macular 
degeneration on OCTA
American Journal of Ophthalmology 212 (2020): 7-16.

Results:
• In eyes with AMD, vessel density (VD) decreases with age in the foveal, parafoveal and full macular regions
• Exudative AMD demonstrated lower VD, especially in the parafoveal (29.8% ± 6.3% vs 33.0% ± 5.7%) and full regions 

(27.9% ± 6.2% vs 31.2% ± 5.5%) compared with atrophic AMD.

Conclusion: 

Retinal VD is decreased in eyes with exudative AMD compared with atrophic AMD but is unaffected by anti-VEGF 

treatments suggesting a retinal vascular contribution to the pathogenesis of AMD.

Subclinical Retinal Imaging

Optical Coherence Tomography Angiography
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Subclinical Retinal Imaging

Dark Adaptometry

Diagnostic sensitivity and specificity of dark adaptometry for 

detection of age-related macular degeneration.
IOVS (2014) 55(3), 1427-1431.

• Multisite study of 127 AMD patients and 21 normal adults

• Clinical diagnosis confirmed by retina specialist grading fundus 

photographs

• Patients classified as having AMD if dark adaptation >6.5 minutes

• Sensitivity: 90.6% of confirmed AMD 

• Specificity: 90.5% of confirmed normal

• Subjects AMD status determined at 3-year follow-up visit
• Impaired dark adaptation at initial visit were:

• 2X more likely to develop clinically evident AMD
• 8X more likely to reach intermediate AMD

©2019 Alltech, Inc. All rights reserved.

Subclinical Retinal Imaging

Dark Adaptometry – Not Just for AMD
Impaired Dark Adaptation Associated with a 
Diseased Bruch’s Membrane in Pseudoxanthoma 
Elasticum  
Retina (2020) 40:1988–1995

Methods

In this prospective case–control study, DA thresholds were 

measured using a Goldmann-Weekers dark adaptometer. 

Results

DA thresholds were significantly higher and adaptation 

periods were prolonged in pseudoxanthoma elasticum 

compared with controls. Two patients were treated with 

high-dose Vit A which partially reversed impaired dark 

adaptation.

Conclusion

Positive effects of Vit A supplementation may indicate 

restricted retinal access of Vit A through Bruch’s 

membrane as possible underlying pathogenic factor

Comparison Of The AdaptDx And Goldmann-
Weekers Dark Adaptometers
IOVS (2011) 52: 5737

AdaptDx is equivalent to the performance of the 

Goldmann-Weekers Adaptometer and the rod-cone break 

and rod intercept parameters provide equivalent estimates 

of DA speed

Reduced Vit A intake Impaired Vit A absorption Reduced Vit A storage

•Inadequate food supply
•Chronic alcoholism
•Highly selective dieting
•Dysphagia
•Mental illness

•Crohn's disease
•Celiac disease
•Pancreatic insufficiency
•Short bowel syndrome
•Chronic diarrhea
•Inflammatory bowel disease
•Upper gastrointestinal 
surgery
•Giardiasis
•Abetalipoproteinemia

•Liver disease
•Cystic fibrosis

©2019 Alltech, Inc. All rights reserved.

Screening for diabetic retinopathy using 
new mydriasis-free, full-field flicker ERG 
recording 
Scientific Reports (2016) 6:36591

Methods

recorded full-field flicker ERGs with this device from 48 normal eyes and 

118 eyes with different severities of DR in patients with DM. This system 
delivered a constant flash retinal luminance by adjusting the flash 

luminance that compensated for changes in the pupil size.  

Results
Showed significant correlations between the severity of DR and the 

implicit times (r=0.55) and when the implicit time was used for the 

index, the area under the ROC curve was 0.84 for the detection of DR 
and was 0.89 for the detection of DR requiring ophthalmic 

treatments. Results suggest that implicit times of the flicker ERGs 

recorded by RETEval can be used as an adjunctive tool to screen for DR.

Subclinical Retinal Imaging

Full-Field ERG

©2019 Alltech, Inc. All rights reserved.

Subclinical Retinal Imaging

Full-Field ERG
Screening for diabetic retinopathy in diabetic patients with a 
mydriasis-free, full-field flicker ERG recording device
Documenta Ophthalmologica (2020) 140: 211-220. 

Methods

Cross-sectional study involving 172 subjects with T2DM, including 71 subjects without clinically 

detectable DR, 25 subjects with mild NPDR, 24 subjects with moderate NPDR, 27 subjects with 
severe NPDR and 25 subjects with PDR. All the subjects underwent a full-field flicker ERG using 

the RETeval device DR assessment protocol. 

Results
For the detection of DR, the area under the ROC curve was 0.867 (p < 0.001) with a 

sensitivity of 80.2% and specificity of 81.7%. Meanwhile, for the detection of VTDR, the area 

under the ROC curve was 0.965 (p < 0.001) with a sensitivity of 94.6% and specificity of 
88.8%.

Conclusion

The DR assessment protocol in RETeval device was effective in screening and 
differentiating DR (mild NPDR, moderate NPDR, severe NPDR, PDR) and VTDR in patients with 

diabetes. 

28 29 30
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Subclinical Imaging of 
Primary Open Angle 

Glaucoma

• Ganglion Cell Layer

• Corneal Hysteresis 

©2019 Alltech, Inc. All rights reserved.

Impact of Glaucoma Severity on Rates of NRR, RNFL and Macular 

GCL Thickness Change
Am J Ophthal (2022) https://doi.org/10.1016/j.ajo.2022.01.019

Methods

Glaucoma patients and healthy subjects had SD-OCT scans at 6-month intervals 

measuring rates of change for MRW, RNFL and GCL thickness to estimate the rate of 

change of each parameter and evaluate the impact of glaucoma severity by HVF MD and 

age.

Results

132 glaucoma patients and 57 healthy subjects followed for 4 years. 

• Healthy subjects had statistically significant deterioration in MRW (–1.66 

µm/year), RNFL (–0.46 µm/year) and GCL thickness (–0.22 µm/year)

• POAG patients had a faster rate of change in each parameter compared to healthy 

subjects: Only GCL thickness showed a statistically significant group difference 

(mean difference: –0.17 µm/year). 

Conclusions

The rates of MRW, RNFL and GCL thickness change was not significantly influenced by 

glaucoma severity at baseline, 

• GCL thickness was able to statistically contrast the rate of change between 

healthy subjects and glaucoma patients throughout the disease spectrum

Subclinical Retinal Imaging

Primary Open Angle Glaucoma
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Corneal Hysteresis and Rates of Neuroretinal Rim Change 

in Glaucoma
Ophthal Glaucoma (2022) 5(5):483-489

Methods

CH measurements were acquired at baseline using the Ocular Response Analyzer. 

Linear mixed models were used to investigate the relationship between rates of 
MRW loss and baseline CH. Multivariable analyses adjusted for other putative 

predictive factors for progression, including IOP, CCT, age, race, and baseline disease 

severity.

Results

• Each 1mmHg lower CH associated with -0.38μm/year faster MRW loss

• Each 1mmHg higher IOP associated with -0.35μm/year faster MRW change 

• Mean IOP was strongest predictive factor (r2=23%), followed by CH 

(r2=14%) and baseline disease severity (r2=6%). CCT explained only 3% of 

the variability

Conclusion

• Lower CH measurements associated with faster loss of neuroretinal rim in 

glaucoma

• Predictive ability of CH was superior to that of CCT

Subclinical Retinal Imaging

Primary Open Angle Glaucoma
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Subclinical Imaging of 
Neurodegenerative 

Disorders 

• Multiple Sclerosis

• Parkinson’s Disease

• Dementia with Lewy Bodies

• Frontotemporal dementia

• Alzheimer’s Disease

©2019 Alltech, Inc. All rights reserved.

• Progressive neurological disorder characterized by   
inflammatory and degenerative components that    
affect genetically susceptible individuals with a mean 
age of onset 20-40 years old

• Autoimmune disease represented by axon 
demyelination, disruption of inflammatory homeostasis 
and neuronal death suggesting that cerebral 
pathology may mirror ocular manifestations

• Disease progression governed by the slow, subclinical 
injury     accumulation of neuroaxonal structures 

• Etiology remains unclear* with no definitive cure

• MS cases are more frequent above the 37th parallel 
than below

• Above – 125 case per 100,000

• Below – 65 cases per 100,000

**Risk is defined AFTER the age of 15**

Time course of recent onset relapsing-remitting MS

Axial T2-weighted (top) and FLAIR (bottom) brain images of MS patient 

illustrating the increased sensitivity of FLAIR for lesion detection. Due to 

CSF nullification, FLAIR shows both periventricular and cortical–

juxtacortical lesions with more clarity than T2-weighted images. 

Subclinical Retinal Imaging

Multiple Sclerosis
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Longitudinal analysis reveals high prevalence of Epstein-
Barr virus associated with multiple sclerosis
Science 2022 (375) 6578:296-301

We tested the hypothesis that MS is caused by Epstein-Barr 
virus (EBV) in a cohort comprising more than 10 million 
young adults on active duty in the US military, 955 of whom 
were diagnosed with MS during their period of service. 

Risk of MS increased 32-fold after infection with EBV but 
was not increased after infection with other viruses, 
including the similarly transmitted cytomegalovirus. 

Serum levels of neurofilament light chain, a 
biomarker of neuroaxonal degeneration, increased 
only after EBV seroconversion. These findings 
cannot be explained by any known risk factor 
for MS and suggest EBV as the leading cause

Subclinical Retinal Imaging

Multiple Sclerosis

34 35 36
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Retinal imaging with OCT: Biomarker in MS?
Eye and Brain (2018) 8:701-706

• Associated with RNFL thinning and neuronal degeneration

• OCT imaging has demonstrated a significant differences  of average and temporal RNFL thickness was found 
in: 

• MS patients with optic neuritis 

• MS patients without optic neuritis

Subclinical Retinal Imaging

Multiple Sclerosis

©2019 Alltech, Inc. All rights reserved.

• 2nd most common neurodegenerative disorder affecting 
~3% of the population ≥65 years of age

• Hallmarks include mitochondrial dysfunction, oxidative 
stress and neuroinflammation leading to neuronal loss 
in the substantia nigra and intracellular inclusions 
containing aggregates of α-synuclein. 

• Clinical diagnosis includes bradykinesia and other cardinal 
motor features

• Recent research into diagnostic biomarkers utilizes PET,    
single-photon emission CT (SPECT) and novel MRI 
techniques 

• Treatment includes:
• Pharmacological substitution of striatal dopamine
• Deep brain stimulation for intractable motor complications. 
• Aggregation and transport of α-synuclein targets

**One of the greatest current challenges is to 
identify markers for prodromal disease 

stages allowing earlier initiation of                   
disease-modifying therapies

Subclinical Retinal Imaging

Parkinson’s disease
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• Similar in form to Parkinson’s disease characterized by Lewy
bodies consisting mainly of CNS alpha-synuclein affecting:

• Cerebral cortex (processing, perception and language)
• Limbic cortex (emotion and behavior)
• Hippocampus (memory)
• Midbrain and basal ganglia (movement) 
• Brain stem (circadian entrainment and alertness) 

• Primary distinction from Parkinson’s is time to between of 
cognitive and movement disorder
• DLB - cognitive symptoms develop <12 months after     

movement symptoms (parkinsonism)
• Parkinson’s Disease - cognitive symptoms develop >12 

months after movement symptoms

• Frequency in postmortem studies (~15%) exceeds that found 
in clinical prevalence studies (~5%) suggesting that clinical 
detection is more difficult than other types of dementia.

• Recent meta-analysis of the clinical diagnostic criteria found 
that ~20% of DLB diagnoses were incorrect

**use of imaging biomarkers in the 
diagnostic criteria may help bridge the gap 
between clinical and pathological 
prevalence rates**

Subclinical Retinal Imaging

Dementia with Lewy bodies

©2019 Alltech, Inc. All rights reserved.

Identifying peripapillary radial capillary plexus 

alterations in Parkinson’s disease using OCTA
Ophth Retina (2021) 6(1):29-36

Methods
Participants underwent OCTA imaging using the Zeiss Cirrus HD-5000 
AngioPlex. Capillary perfusion density (CPD) and capillary flux index (CFI) 
were assessed using a 4.5x4.5 mm peripapillary scan, and RNFL thickness 
was assessed using a 200x200 μm optic nerve cube OCT scan 

Results
• Average CPD and CFI were significantly higher in PD eyes. 
• Average RNFL thickness was similar between groups 
• Significant correlations b/t Hoehn or Yahr stages and OCTA not observed

Conclusions
• Increased peripapillary microvascular density and flux were detected 

in a large cohort of individuals with PD compared to controls after 
adjusting for age and sex 

• RNFL thickness was similar between groups

• Peripapillary OCTA parameters may not correlate with the severity 
of Parkinson’s disease. 

Subclinical Retinal Imaging

Parkinson’s disease
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• Frontotemporal dementias are a heterogeneous group of 
neurodegenerative disorders characterized by marked 
impairments in behavior, personality, language and motor 
function

• 2nd most common neurodegenerative disorder affecting 
persons aged ≤ 65

• ~40% demonstrate apathy, disinhibition and social 
withdrawal

• ~40% demonstrate prominent language impairments, 
• ~20% exhibit muscle atrophy, apraxia and eye movement 

abnormalities progressive supranuclear palsy (PSP)

• Pathologic manifestations involve selective frontotemporal 
lobar degeneration accompanied by astrocytosis, 
microgliosis, and the deposition of misfolded proteins (tau)

**One of the greatest current challenges is to 
identify markers for prodromal disease 

stages allowing earlier initiation of                   
disease-modifying therapies

Subclinical Retinal Imaging

Frontotemporal dementia (FTD)
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Outer Retina Thinning Distinguishes 
Frontotemporal Degeneration from 
Alzheimer’s Disease

IOVS (2019) 60:2296

Results

After excluding eyes with poor image quality, glaucoma or optic 
nerve disease, high refractive error, or macular disease, 46 eyes 
from 27 FTD patients and 20 eyes from 10 AD patients were 
included. FTD patients compared to AD patients had a thinner outer 
retina, a thinner outer nuclear layer but a thicker outer plexiform 
layer. The RNFL and GCL were similar between FTD and AD.

Conclusions

Outer retina thinning detected by SD-OCT may distinguish FTD 
from AD. The thicker outer plexiform layer in FTD patients may be 
from bipolar and horizontal cell dendrite sprouting as the outer 
nuclear layer thins. A difference in RNFL and GCL thicknesses was 
not seen between these two patient groups. Specific dementia 
brain pathologies may be associated with specific retinal 
abnormalities.

Subclinical Retinal Imaging

Frontotemporal dementia (FTD)

40 41 42
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• Most common form of dementia affecting ~50M individuals 
worldwide

• Accounts for ~65% of all case of dementia in elderly population

• Detection confounded by age-related cognitive decline overlap 

• Hallmark of extracellular plaques comprised of Aβ and 
intraneuronal neurofibrillary tangles of hyperphosphorylated 
tau protein

• End-stage AD demonstrates widespread
atrophy no different from other
end-stage dementia 

• Aβ accumulation predates clinical 
symptoms by 15-20 years 

• Aβ imaging potential preclinical
diagnostic diagnosis criterion

Subclinical Retinal Imaging

Alzheimer’s disease
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• Current diagnostic testing includes:

• PET imaging at 2-5mm resolution utilizing radiotracers with Aβ affinity

• LIMTATIONS: Requires ionizing radiation with limited spatial 

resolution 

• CSF biomarkers of Aβ and tau protein 
• LIMITATIONS: Low to moderate sensitivity and specificity 

Inappropriate for screening purposes

• Current clinical management includes:

• Biologic monoclonal antibody with Aβ-specificity

• Aβ vaccines

• Beta-secretase inhibitors

• Current literature suggests that even modest effects                                         

on Aβ accumulation may be sufficient to alter                                                        
disease trajectory if introduced in early stages

Subclinical Retinal Imaging

Alzheimer’s disease

©2019 Alltech, Inc. All rights reserved.

Retinal amyloid pathology and proof-
of-concept imaging trial in Alzheimer’s 
disease
JCI Insights (2017) 2(16)

• Curcumin is a lipophilic polyphenol 
derived from turmeric and a 
fluorophore with a high affinity to Aβ

• Aβ in AMD Lesions isolated in patient 
diagnosed with Alzheimer’s Disease in 4 
separate studies since 2017

• Proprietary blend with greater 
bioavailability used in conjunction with 
cSLO showed 100% sensitivity with 
81% specificity between AD and 
controls 

• Retinal Aβ load was strongly 
correlated with brain amyloid plaque 
burden confirmed through PET 
imaging 

Subclinical Retinal Imaging

Alzheimer’s disease
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Peripheral Retinal Imaging Biomarkers for 
Alzheimer’s Disease: A Pilot Study 
Ophthalmic Research (2018) 24.5

Results:

• Baseline analysis showed a significantly higher 

prevalence of peripheral hard drusen in AD 

subjects (25%) vs. control subjects (4%)

• Marked increase in drusen number at the 2-
year follow-up in AD subjects vs. control 
subjects

Conclusions: 

• UWF retinal imaging revealed a significant 

association between AD and peripheral hard 

drusen formation beyond the posterior pole 

at baseline and over 2-year progression

Subclinical Retinal Imaging

Alzheimer’s disease

©2019 Alltech, Inc. All rights reserved.

Subclinical 
Imaging

(Testing)

• Dry Eye Disease 

• InflammaDry RPS

• LipiView

• TearScan MicroAssay

• Lissamine green

• KCN

• Sjogren’s disease

• Parkinson's disease

©2019 Alltech, Inc. All rights reserved.

Sensitivity and specificity of POC 
MMP-9 immunoassay for diagnosing 
inflammation related to dry eye
JAMA (2013) 131(1): 24-28

Methods
InflammaDry was performed on 206 patients: 143 patients 
with clinical signs and symptoms of dysfunctional tear 
syndrome and 63 healthy individuals serving as controls. 
Participants were assessed as healthy controls or for a clinical 
diagnosis of dry eye using the Ocular Surface Disease Index, 
Schirmer tear test, tear breakup time, and keratoconjunctival
staining.

Results
InflammaDry showed sensitivity of 85%, specificity of 94%, 
negative predictive value of 73% and positive predictive 
value of 97%.

Conclusion
Compared with clinical assessment, InflammaDry is sensitive 
and specific in diagnosing dry eye.

Sub-Clinical Testing

Tear Film Analysis – Dry Eye Disease 
Evaluation of Lipid Layer Thickness 
Measurement of the Tear Film as a 
Diagnostic Tool for Meibomian Gland 
Dysfunction
Cornea (2013) 32(12): 1549-1553

Methods
Retrospective analysis of 199 eyes using subjective symptoms, 
TBUT, expressible Meibomian glands and LipiView were 
measured.

Results
For a cut-off value of ≤75-nm LLT, we found a sensitivity of 
65.8% and a specificity of 63.4% for the detection of an MGD. 
For a cut-off value of ≤60, the sensitivity was 47.9%, and 
the specificity was 90.2%.

Conclusions
The positive correlation between the LLT and expressible 
meibomian glands found in this study suggests a higher 
probability of MGD in patients with a low LLT. This automated 
assessment of the LLT might be a suitable screening test for 
detecting MGD.
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Lactoferrin levels can diagnose dry 
eye disease
Optometry Times Journal (2020)12(6)

Lactoferrin test sensitivity is 83% and the IgE microassay test 
sensitivity is 93%. The combined specificity for both tests is  
97%

Sub-Clinical Testing

Tear Film Analysis – Dry Eye Disease 
New Freeware for Image Analysis of 
Lissamine Green Conjunctival Staining
Cornea (2021) 40(3), 351-357.

Methods
Twenty DES patients with visible LG conjunctival staining were 
selected. The images were taken with a white light source and 
a red filter transmitting over the wavelengths absorbed by LG. 
Stained areas were then detected using a Laplacian of Gaussian 
filter and applying a manual threshold LG-stained areas were 
also drawn manually by 2 experts as a reference.

Results:
The algorithm closely matched the actual contours of the 
punctate dots. In 19 of 20 case, the algorithm found the same 
Oxford grade as the experts, even for confluent staining that 
was detected as a multitude of dots by the algorithm but not 
by the experts, resulting in a high overestimation of the total 
number of dots without Oxford grade mismatch

Results
Image-analysis algorithm yields results consistent with 
subjective grading and may offer advantages of automation 
and scalability in clinical trials. ©2019 Alltech, Inc. All rights reserved.

Inflammatory Biomarkers Profile as Microenvironmental Expression in 
Keratoconus
Disease Markers (2016)

Methods
Keratoconus is a degenerative disorder with 
progressive stromal thinning and transformation 
of the normal corneal architecture towards ectasia 
that results in decreased vision due to irregular 
astigmatism and irreversible tissue scarring. 
The pathogenesis of keratoconus remains unclear. 

Hypotheses that this condition has an inflammatory 
etiopathogenetic component apart from the 
genetic and environmental factors are beginning 
to escalate in the research domain. 

Sub-Clinical Testing

Tear Film Analysis - Keratoconus 

©2019 Alltech, Inc. All rights reserved.

Early detection of Sjogren’s syndrome: sensitivity and specificity of the 
Sjo Diagnostic Test
Invest Ophtahl Vis Sci (2016) 57:5681

Methods
Antibodies to the traditional markers (SSA [Ro], SSB [La], ANA and RF and the novel biomarkers (salivary protein-1 
[SP1], carbonic anhydrase-6 [CA6] and parotid secretory protein [PSP]) in patient sera samples were detected 
using the Sjö panel. To assess sensitivity, sera samples from 267 confirmed SS patients across 3 clinical studies 
were analyzed with Sjö. To assess specificity, sera samples from 125 age- and sex-matched controls, as well as 64 
pediatric controls, were analyzed with Sjö.

Results
Overall, the cumulative sensitivity of the complete Sjö panel was 91.4% while sensitivity of SSA/SSB alone was 
74.9%. The cumulative specificity for the complete Sjö panel was 79.8% and the cumulative specificity for the 
novel biomarkers was 83.5%.

Conclusions
The Sjö panel incorporates traditional and novel markers and increases the sensitivity in the diagnosis of SS by 
over 25% without compromising specificity. Patients who may have SS would benefit from screening with the Sjö
panel to facilitate early diagnosis and contribute to better management of dry eye symptoms and other systemic 
manifestations.

Subclinical Testing

Tear Film Analysis – Sjogren’s syndrome 

©2019 Alltech, Inc. All rights reserved.

Biomarkers for Parkinson’s Disease with Reflex Tears Stratified by Disease 

Duration
2022 AAN Annual Meeting; Abstract S16.002.

Methods
Reflex tears were collected from 77 male and female early (disease duration 0-4 years), 43 intermediate (5-8 
years), and 50 late (greater than 9 years) PD patients and 67 male and female HC using an unanesthetized
Schirmer’s test. Samples were pooled from both eyes for analysis of oligomeric alpha-synuclein. 

Results
Oligomeric alpha-synuclein was significantly increased by 5.4X in tears of early PD patients (4.28 ± 0.75 ng/mg 
tear protein, p-value<0.001), 4.0X in tears of intermediate PD (3.23 ± 0.54 ng/mg, p<0.001) and 3.1X in tears of 
late PD (2.44 ± 0.40 ng/mg, p<0.001) relative to HC (0.80 ± 0.24 ng/mg). No significant sex differences were 
present.

Conclusions
Oligomeric synuclein levels in tear fluid does not enable discrimination between various stages of PD patients 
based on disease duration compared to HC. The current study validates previous findings that oligomeric alpha-
synuclein levels are increased in reflex tears of PD patients compared to controls and suggest that elevations 
in oligomeric alpha-synuclein are stable across patients with early stage, intermediate and late-stage PD. 

Subclinical Testing

Tear Film Analysis – Parkinson’s disease

©2019 Alltech, Inc. All rights reserved.

Emerging 
Nutraceutical 

Strategies

• Existing Literature

• Preventative Combination 

©2019 Alltech, Inc. All rights reserved.

Nutraceuticals for dry age-related macular degeneration: A case 
report based on novel pathogenic and morphological insights
Arch. Ital. Biol 158 (2020): 24-34.
LITERATURE REVIEW 

Specific nutraceutical compounds such as lutein, resveratrol 

and curcumin may exert beneficial effects on the progression of 

atrophic AMD and have been associated with a reduced risk in 

AMD development and improvement in visual acuity and 

lasting reduction in druse volume

RESULTS

• OCT showed decreased macular drusen and normalized 

macular profile following 6 month diet + supplement

• Additional improvement in contrast sensitivity, color 

contrast and Amsler grid distortion

CONCLUSIONS 

• AMD dysfunction occurs on both sides of the RPE

suggesting that basal membrane function physiological is 

lost leading to accumulation of proteins such as 

unesterified cholesterol, apoE, CFH and vitronectin

• Generalized defects in protein handling by the retina-

choroid junction is best targeted by a pharmacological 

synergism at multiple levels.

54 55 56
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Dietary flavonoids and the prevalence and 15-year incidence of 
age-related macular degeneration.

Am J Clin Nutrition (2018) 108.2:381-387

Results

• Each 1-SD increase in total flavonoid intake 
was associated with a reduced AMD 

incidence [OR: 0.76]

• Each 1-SD increase in total flavonols intake 

was associated with reduced AMD prevalence 

[OR: 0.75]

• Each 1-SD increase in total flavanones was 

associated with reduced prevalence of any 

AMD [OR: 0.77]

Conclusions 

• Independent and protective association 
between dietary intake of flavonoids and 

the reduced likelihood of developing AMD

©2019 Alltech, Inc. All rights reserved.

Berries:
Blueberries 1070mg/cup
Strawberries 320mg/cup
Blackberries 320mg/cup

Herbs and Spices:
Cloves 542mg/oz
Oregano / sage 30mg/oz

Cocoa Powder 516mg/tblsp
Dark chocolate 249mg/tblsp

Nuts:
Chestnuts 347mg/oz
Hazelnuts/Pecans 140mg/oz
Almonds 53mg/oz

Flaxseeds:
229mg/tblsp

Vegetables:
Artichoke 260mg/ea
Red onion 168mg/ea

Olives
70-115mg/gm

Coffee and Tea
35 mg/cup

©2019 Alltech, Inc. All rights reserved.

Carotenoids

Xanthophylls
Lutein / Zeaxanthin / Meso-zeaxanthin

©2019 Alltech, Inc. All rights reserved.

Carotenoids

Xanthophylls
Lutein / Zeaxanthin / Meso-zeaxanthin

©2019 Alltech, Inc. All rights reserved.

Insular cortex
- perception
- self-awareness 
- cognitive functioning
- interpersonal experience

Middle temporal gyrus
- facial recognition
- word meaning assessment while reading

Supramarginal gyrus
- language perception and processing

Cerebellum
- motor control and learning

Inferior frontal gyrus
- Language comprehension and production

Occipital pole
- Visual processing

Middle frontal gyrus
- Attention and executive functions

Carotenoids

Xanthophylls
Lutein / Zeaxanthin / Meso-zeaxanthin

Relationship of L and Z Levels to Neurocognitive Functioning: An fMRI Study of Older Adults

J Int Neuropsych Soc (2017) 23(1):11-22.

©2019 Alltech, Inc. All rights reserved.

Macular Pigment

Potential proxy for cortical levels?
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Emerging Nutraceutical Strategies

Step 1

Lutein (20mg) and Zeaxanthin (5mg) [OSL: 40mg/d]

Ω-3 FA (1000mg)

- DHA (350mg)

- EPA (650mg)

Resveratrol (500mg) [OSL: 4000mg*]

Curcumin (500mg) [OSL: 3000mg*]

Quercetin (500mg) [OSL: N/A]

Anthocyanin (500mg) [OSL: N/A]

Emerging Nutraceutical Strategies

Step 2

©2019 Alltech, Inc. All rights reserved.

What’s now? • Neurodegeneration Management

• Subclinical Imaging

©2019 Alltech, Inc. All rights reserved.

Antihypertensive medications and risk for 

incident dementia and Alzheimer's disease: 

meta-analysis of prospective cohort studies
Lancet Neurol (2020) 19(1):61-70

Methods
Meta-analysis included more than 2000 participants, dementia 

events over 5 years, measured blood pressure and verified use 

of AHMs. Assessed the association of incident dementia and 

clinical AD with use of 5 AHM classes, within strata of baseline 
high (SBP ≥140 mm Hg or DBP ≥90 mm Hg) and normal (SBP 

<140 mm Hg and DBP <90 mm Hg) blood pressure

Results
3728 dementia cases and 1741 AD diagnoses across cohorts of 

7-22 years were analyzed. Those using any AHM had reduced 

risk for developing dementia (HR: 0.88) and AD (HR: 0.84)

compared with those not using AHM. 

Interpretation

Among people with hypertension, use of any AHM with 

efficacy to lower blood pressure may reduce the risk for 
dementia.

What’s now in neurodegeneration?

Alzheimer’s disease

©2019 Alltech, Inc. All rights reserved.

Association between cataract extraction 
and development of dementia
JAMA Internal Medicine. (2021)

RESULTS

3038 participants were included aged 74.4 (6.2) years; 1800 

women and 1238 men. Based on 23,554 person-years of 
follow-up, cataract extraction was associated with 

significantly reduced risk (HR=0.71) of dementia compared 

with participants without surgery after controlling for years 
of education, self-reported race and smoking history and 

stratifying by apolipoprotein E genotype, sex, and age group 

at cataract diagnosis. 
• Similar results were found with the development of AD.

CONCLUSIONS AND RELEVANCE

• Cataract extraction was significantly associated with 
lower risk of dementia development

What’s now in neurodegeneration?

Alzheimer’s disease

©2019 Alltech, Inc. All rights reserved.

Methods

Participants from the Health and Retirement Study (n=12,030) reported on 

their loneliness, social isolation, and had information on clinical, behavioral, 

and genetic risk factors. Cognitive status was assessed at baseline and every 

2 years over a 10-year follow-up with the modified Telephone Interview for 

Cognitive Status (TICSm). 

Results

Cox proportional hazards regression indicated that loneliness was 

associated with a 40% increased risk of dementia

• Association held controlling for social isolation and clinical, 

behavioral, and genetic risk factors

• Association was similar across gender, race, ethnicity, education and 

genetic risk.

Discussion

Loneliness is associated with increased risk of dementia. It is one modifiable 

factor that can be intervened on to reduce dementia risk.

What’s now in neurodegeneration?

Alzheimer’s disease

Loneliness and risk of dementia
J Gerontology and Psych Sci (2020) 75(7): 1414-1422
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1. Serum-based and retinal-based biomarker testing 

2. Patient-tailored health plans for at-risk populations
• Integrated systemic / supplementation strategies / enhanced bioavailability 

3. Impaired dark adaptation is early manifestation of retinal 
dysfunction

4. Impaired full-field flash ERG is early manifestation of retinal 
dysfunction

4.   Risk calculator incorporate:
• Clinical biomarkers + Genetic risk + Systemic risk factors

5.   Healthy skepticism with reasoned cynicism 

What’s now in subclinical diagnosis?

Retinopathy

©2019 Alltech, Inc. All rights reserved.

Pharmanex Biophotonic Scanner

What’s now in subclinical diagnostics?

©2019 Alltech, Inc. All rights reserved.

Correlations Between Macular, Skin and Serum 

Carotenoids
Invest Ophthal Vis Sci (2017) 58(9):3616-3627

METHODS

88 patients were recruited from general ophthalmology and excluded 

only if they had a diagnosis of MacTel or Stargardt disease or had 
poor AFI image quality. Skin, macular, and serum carotenoid levels 

were measured by RRS, AFI, and HPLC

RESULTS
Skin RRS measurements and serum Z concentrations correlated most 

strongly with AFI macular pigment volume under the curve (MPVUC) 

measurements up to 9o eccentricity

• Measurements were reproducible and not significantly 
affected by cataracts

• Techniques could readily identify subjects taking oral 

carotenoid-containing supplements

CONCLUSIONS
• AFI and skin RRS measurements are noninvasive, objective, 

and reliable assessments of ocular and systemic carotenoids

• Skin RRS and MPVUC at 9o are both reasonable biomarkers of 
macular carotenoid status that could be readily adapted to 

research and clinical settings

What’s now in subclinical diagnostics?

Enhancing Risk Assessment in Patients with DR by Combining 

Measures of Retinal Function (RETeval) and Structure
Trans Vis Sci Tech (2020) 9(9): 40

Methods

• 279 diabetic patients who participated in an earlier cross-sectional study
• Exclusion criteria: Previously treated for macular edema 

Proliferative DR or if they had

• Baseline RETeval ERG and fundus photographs were obtained using 

• ETDRS-DR severity ≥ level 53 (ETDRS-DR+)
• Clinically significant macular edema (VTDR+)

• Positive finding corresponded to RETeval DR Score >23.5 (RETeval+).

Results

For patients with VTDR+: 
• Incidence of intervention was 19%, 31%, and 53% at 1, 2 and 3 years of follow-up. 

• If subjects were RETeval+: Intervention incidence increased to 34%, 54% and 74%

• If subjects were RETeval−: Intervention incidence decreased to 3%, 4% and 29%

Conclusions

Prediction of subsequent intervention was best when combining structural and 

functional information

What’s now in subclinical diagnostics?

Detection of keratoconus with a new biomechanical 

index 
Journal of refractive surgery 32.12 (2016): 803-810.

METHODS: 

• 658 patients were included in this multicenter retrospective study.

• Patients from two clinics located on different continents were selected 

to test the capability of the CBI to separate healthy and keratoconic eyes 

in >1 ethnic group using the Corvis ST (Oculus)

RESULTS: 

• CBI included several dynamic corneal response parameters:      

deformation amplitude ratio, applanation velocity, standard          

deviation of deformation amplitude at highest concavity,              

Ambrósio’s Relational Thickness to the horizontal profile                        

and a novel stiffness parameter. 

• KCN was correctly classified with 98.4% specificity and                

100% sensitivity.

What’s now in subclinical diagnostics?

©2019 Alltech, Inc. All rights reserved.

Skin autofluorescence predicts incident DMII, CVD and 

mortality in the general population 
Diabetologia (2019) 62:269-280

Methods

72,880 participants who underwent baseline investigations between 2012 and 
2018 and had validated baseline skin AF values available and were not known to 

have diabetes or CVD. Individuals were diagnosed with incident DMII by a fasting 

blood glucose ≥126mg/dL or HbA1c ≥6.5% at follow-up. Participants were 

diagnosed as having incident CVD (MI, coronary interventions, CVA, TIA, 
intermittent claudication or vascular surgery) 

Results

After a median follow-up of 4 years, 1056 participants (1.4%) developed DMII 2, 

1258 individuals (1.7%) were diagnosed with CVD while 928 (1.3%) had died. 
Baseline skin AF was elevated in participants with incident DMII, CVD and those 

who had died compared with individuals who survived and remained free of the 

two diseases. Skin AF predicted the development of DMII, CVD and mortality 

independent of metabolic syndrome, glucose and HbA1c.

Conclusions/interpretation 

• Non-invasive skin AF measurement shows clinical value for screening for 

future risk of DMII, CVD and mortality independent of glycemic measures 
and metabolic syndrome

Baseline SAF at 4-year follow-up shown as mean ± SE 
No DMII/CVD: n = 69,749      DM: n = 977         CVD: n = 1171 
DM+CVD: n = 55 Death: n = 928

***p < 0.001 vs no type 2 diabetes/CVD group; 
††p < 0.005 (women only) vs DM group;
‡‡‡p < 0.001 vs DM group; 
§§§p < 0.001 vs CVD group

What’s next in subclinical diagnostics?
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Characteristics of Cellular Infiltration into Posterior Vitreous 

in Eyes with Uveitis on the Classification Basis Assessed 
Using Optical Coherence Tomography
Clin Ophthal (2023) 17:165–1

Methods

All eyes were classified into three groups: infectious uveitis (n=7), noninfectious 

granulomatous uveitis (n=13), and noninfectious nongranulomatous uveitis (n=13). 

We measured the size, number and density of vitreous hyperreflective particles in 

the posterior vitreous area that was defined as the space between the vitreous top 

and the internal limiting membrane on OCT. 

Results

33 eyes from 23 patients with active posterior uveitis were included. 

• Infectious – largest particles with highest density 

• Granulomatous particles larger and more density than non-granulomatous  

• Vitreous haze showed no significant difference among three groups

Conclusion

SD-OCT may be useful for assessing ocular inflammation based on 

morphological characteristics of vitreous particles on uveitis classification 

basis

What’s next in subclinical diagnostics?

©2019 Alltech, Inc. All rights reserved.

Skin autofluorescence predicts new cardiovascular disease 

and mortality in people with type 2 diabetes
BMC Endocrine Disorders (2021) 21(14)

Methods

2349 people with T2D, available baseline SAF measurements and follow-up data 

from the Lifelines Cohort Study. 2071 had no clinical CVD at baseline. 60% were 

already diagnosed with diabetes, while 40% were detected during the baseline 

examination by elevated fasting blood glucose (≥7.0 mmol/l or HbA1c ≥6.5%).

Results

Known T2D had higher SAF than those with newly-detected T2D which reflects a 

longer duration of hyperglycemia in the former group. 

• SAF was strongly associated with the combined outcome of a 

• New CVD event or mortality (OR 2.59), as well as 

• Incidence of CVD (OR 2.05)

• Death (OR 2.98) 

In multivariable analysis for the combined endpoint, SAF retained its 

significance when sex, systolic blood pressure, HbA1c, total cholesterol, eGFR, 

as well as antihypertensive and statin medication were included. 

Conclusions

SAF showed a stronger association with future CVD events and mortality than 

cholesterol or blood pressure levels

What’s next in subclinical diagnostics? What’s next in subclinical treatment?
• Exposure to low-intensity visible light to NIR (500 nm to 1000 nm) allows for high tissue 

penetration and offers a non-invasive approach for the treatment of early AMD

• Enhances the activity of mitochondrial cytochrome C oxidase and production of ATP in the 

retina leading to a reduction of free radical production and oxidative damage 

• Reduces gene expression of retinal stress and inflammatory markers in the outer retina

What’s next in subclinical treatment?
Photobiomodulation reduces drusen volume and 

improves visual acuity and contrast sensitivity in dry 

age‐related macular degeneration.

Acta ophthalmologica (2017) 95(4):e270-e277.

Results
Mean ETDRS BCVA score improved by 5.9 letters (p < 0.001)
immediately post-treatment that remained at a statistically 
significant level at visit 2 (p < 0.001)

CS was significantly improved at 1.5 (p = 0.01), 3.0 (p = 0.02) 
and 6.0 CPD (p = 0.003) at visit 1 immediately post-treatment

Central drusen showed a significant reduction following 3-wk 
treatment at visit 1 (p < 0.001) and drusen volume was still 
significantly reduced (p = 0.02) at visit 2

No significant changes in central retinal thickness or 
geographic atrophy area or retinal volume during the 
observational period.

2018 Cochrane Database of Systematic Reviews -

Interventional Review 

Primary outcome measures 

• BCVA using a logMAR chart at 12 months follow-up.

Secondary outcome measures

• BCVA at 3 months after treatment

• CS measured at 3 months and 12 months follow-up.

• Near vision between at 3 months and 12 months follow-up

• Low luminance deficit (LLD) score at 3 and 12 month follow-up

• Reading speed at 3 months and 12 months follow-up

• Vision-related quality of life score at 3 and 12 month follow-up 

using a validated questionnaire.

©2019 Alltech, Inc. All rights reserved.

Takeaways…
• Reduction in retinopathy correlates with reduced risk of stroke, dementia and mortality 

• Early identification of retinopathy is currently available in primary care clinical settings

• Multi-modal Retinal Photography

• Optical Coherence Tomography ± Angiography

• Full-Field ERG

• Dark Adaptometry

• Published literature strongly supports mitigation of systemic disease and related retinopathy using 

established nutraceuticals

• Carotenoids

• Omega-3 Fatty Acids

• Polyphenols

• Mitigation of systemic microvascular insults, inflammation and oxidative stress have direct 

benefits in retinal health and function

• Early modest changes in pathophysiology conveys significant long-term benefits in function

©2019 Alltech, Inc. All rights reserved.

Takeaways…
• Putnam’s Preferred Practice Patterns

• MCI

• AMD

• DR

• POAG

• Sudden Onset Diplopia

• Sudden Onset Vision Loss

• Uveitis

• mTBI / Concussion

• HCQ / CQ Baseline and Work-Up

• Neuroimaging Ordering
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https://www.cochrane.org/evidence

©2019 Alltech, Inc. All rights reserved. ©2019 Alltech, Inc. All rights reserved.

Questions?

96 97 98
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