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AN EYE
TO THE FUTURE

Disclosures for A. Paul Chous

« | have spoken for, consulted for, or been paid honorarium by
the following:

¢ Al Optics, American Diabetes Association, LKC
Technologies, Macular Degeneration Association,
Regeneron, EyePromise

¢ All Financial Relationships Have Been Mitigated

My favorite Elliott Joslin Quote

* “Diabetologic Education is not a
part of the treatment of diabetes,

it iS the treatment” i

Joslin EP (1998) Diabetic Manual for the Doctor and patient 1918. Joslin Diabetes Center

Chous Predictions

Predictions for Diabetes Care by Optometrists

¢ Optometrists will routinely DIAGNOSE diabetes and
prediabetes based on ocular findings in tandem with blood
glucose metrics that can be cheaply and efficiently
delivered in optometric practice

¢ Optometrists in the near future will be viewed as crucially
important in diabetes and DR prevention as diabetes
educators par excellence

* Optometists will routinely treat DR with highly effective
topical, oral, and light-based therapies

Diabetes Complications
* Only occur in tissues containing:

* Blood Vessels
* Nerves

*Proteins............ 4_ Everywhere ;




secondary to:

and/or

Inadequate Insulin Production
(both TIDM and T2DM)

Loss of Cellular Response to Insulin
AKA ‘Insulin Resistance’ (T2DM)
-2 Including progressive loos of insulin production

What Goes Wrong in DM?
Blood glucose levels become elevated

Diagnosis of DM

m FPG > 126mg/d| on two occasions

a RPG > 200mg/d| with polyuria, “do™ w\‘“
polydlpsia & weight loss w S\‘mpwms

u OGTT > 200mg/dl at 2 hours
= HbA1c > 6.5% (2009)

u Pre-diabetes (IFG and/or IGT) now defined as FPG > 100mg/
dl or OGTT > 140mg/dI or HbAlc > 5.7%

DR and CV Disease

* Multiple studies show DR is associated with
increased risk of heart attack, stroke, congestive
heart failure and cardiovascular mortality

The Hearl-Eye

CONNECTION

Medicine (Baltimore). 2017 Jan;96(3):e5894  JAMA Ophthalmol. 2017 Jun 1;135(6):586-593.
Ophthalmology. 2013 Mar;120(3):574-82  Diabetes Care. 2007 Jul;30(7):1742-6.

Key Point

* Lowering the patient’s blood
sugar level and preventing vision
loss are far less useful if the
patient dies!

2/3 of T2DM patients on metformin monotherapy
for glucose control remain at HIGH CV risk

Diabetes Care. 2020;43:2034-41.
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[Worldwide inertia to the use of cardiorenal protective
glucose-lowering drugs (SGLT2i and GLP-1RA) in high-
risk patients with type 2 diabetes
...prescribing evidence from North
America and Europe suggests that
most eligible patients are still not
receiving these agents. ..

We are a group of diabetologists
united by a shared concern that
clinical inertia is preventing
these patients from receiving
life-saving treatments. ..

..we call upon our colleagues to
join us in working together
across specialities at a local,
national and international level
to address inadequate cardio-
renal protection in T2DM

Blood Glucose Drugs that Give
CARDIOPROTECTION

e Metformin (old drug - improves insulin sensitivity)

¢ Glucagon-like Peptide Agonists (GLP-1 aka
“incretins”); semaglutide, tirzepatide

¢ Sodium glucose transporter 2 reuptake inhibitors
(SGLT2i); empagliflozin, dapagliflozin
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GLP-1 Drugs - the ‘..tides’
Incretins * Reduce Major Adverse Cardiovascular
Events (MACE) by 14% (meta-analysis of 60,000 pts)
{Appetite & —Heart Attack
Gastric Emtying —Stroke
LGlucagon —Coronary Artery Bypass Grafting
Release _CardiovaSCU|ar Death Cardiovasc Diabetol 20, 189 (2021).
—>17% reduction in Macroalbuminuria

SGLT?2 Inhibitors - the -flozins SGLT2 Inhibitors A\ Urinary Glucose Excretion
* Block reabsorption of glucose at the proximal renal tubule and Reduce M, Stroke, Heart Failure, End-stage
— facilitating urinary excretion of glucose when glucose > . _ENO
180 m/dl Renal Disease and CV De by 19-50%

A~ —

—Invokana® (canagliflozin); Farxiga® (dapagliflozin);
Jardiance® (empagliflozin)
» Reduce hyperinsulinemia, BP, visceral fat, arterial
stiffness, uric acid, TGs
 Significantly reduce the risk of being hospitalized
for congestive heart failure (CHF)
Adverse Events: UTI, DKA, fracture, dehydration 50% reduction in ESRD with SGLT2 use

Cardiovasc Diabetol 20, 236 (2021).

GLP-1s/SGLT2is & DR Mean Estimate: 100 million Americans by 2050 |
¢ Network meta-analysis of 2+ million pts with T2DM
worldwide N
* SGLT2 inhibitors (-flozins) linked to a 17% reduced risk WWWWWWW@%}W
of DME in pts on insulin

* GLP-1 drugs linked to a 30% increase risk of incident 2050 @@@@@@WW@@ g

DR in patients on insulin

" 2023 mfeta-analys.;is sho_wefi 25-43% Iowgr risk of Significant increase in prevalence of total diagnosed and
STDR with SGLT2is vs pioglitazone, DPP4is or undiagnosed diabetes in adults over the next 30 years
SulfOnylu reas Diabetologia 67, 12711282 (2024).

Boyle JP, et al. Popul Health Metr. 2010;8:29
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Diabetic Retinopathy: THE FACTS

=8 million Americans

BLINDNESS with diabetic retinopathy
= per ASRS in 2020
Diabetes is the

.LEAD'"E CAUSE CDC estimates 1in 3
of new cases of Americans with Diabetes

blindness ~ _—
among adults has DR (= 12 million)

aged 20-74.

Expected to Double by

Diabetic Retinopathy

About one in three people with diabetes have
Diabetic:

- DME is the leading
. Cause of Vision Loss
i: In DM Patients

15

o | —

: ~50%

Non-Hispanic Non-Hispanic ‘Mexican Other
white black American.

of patients with DR
will develop DME?

JWAFD13 MPH-GW 2050 to 16-24 million DR more likely in Black T TS R
& Hispanic Americans that can occur:a' any time*$
Risk Factors for DR/DME Preventing Diabetes in High-Risk Patients

Disease duration ~€———— PREVENTION
Diabetes subtype

Degree and duration of hyperglycemia ALL except
Severe hypoglycemia (new findings) subtype are
Hypertension MODIFIABLE
Dyslipidemia

Sleep disordered breathing (Apnea)
Other vascular diabetes complications
Food insecurity * smoking, vitamin D deficiency

uThe Diabetes Prevention Program (DPP) conducted at 13
US centers showed that “lifestyle modification” (walking 30
minutes each day, five days each week) lowered the risk
of developing T2DM in those with prediabetes or previous
GDM by 58% over a three year period (38% @ 10 yrs)

a TWICE as effective as metformin

= Metformin worked best if patients were heavier (BMI >
35), younger (< 60 yo) or had a Hx of GDM

Diabetes Prevention Program Outcomes Study (DPPOS)
Incidence of Diabetes

= Placebo 0
£ o Metformin '_3§,/9- -
>
8 W Lifestyle =
& a0 & -
: s~
2 30 ~
@ -
S 20 e
= 4 . .
2 10 7 Risk reduction:
E 18% with metformin
[} 0 = 34% with lifestyle

0 2 a 6 8 10

Year since DPP randomization

For Patients With Early NPDR

* AVOID SEVERE Hypoglycemia!!!
- Kills retinal cells in animal models ~ PLosone 20116(6)e21586.

- Fremantle Diabetes Study (Western Australia) showed
that risk of 2+ lines of vision loss in T”2DM was
significantly & independently linked to hospitalization
for severe hypoglycemia and cigarette smoking (n =
1551 over 4 years,

Smoking HR = 3.17

Severe Hypoglycemia HR = 5.59 p < 0.0001

Diabetes Care. 2020 Sep;43(9):2113-2120.
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Hypoglycemia WORSENS DR!

* Episodic or chronic hypoglycemia A\ GLUT1 & HIF-1 in
Miiller Cells leading to massive A\ VEGF

* Chronic hyperglycemia - Early DR & hypoxia
* Hypoxia + Hypoglycemia - severe DR

Patients with early DR should be advised to
minimize hypoglycemia!

Cell Rep. 2023 Jan 31;42(1):111976.
J Diabetes Complications. 2020 Jun;34(6):107560.

Strategies to Minimize Severe Hypoglycemia

* Low Glycemic Index Mediterranean Diet

—Reduces insulin requirements and risk of low
blood sugar

Nutrients. 2022 Feb 8;14(3):706.

* Use of a continuous glucose monitor (CGM

S F R

When to Refer to a Retinal Specialist
¢ Unexplained vision loss
¢ With sight-threatening DR (severe NPDR or PDR)
¢ With center-involved DME (CI-DME) & any VA loss

« If/when you are uncomfortable ascertaining the
severity of DR

¢ When NOT to refer
—No evidence of retinal disease
—Mild NPDR without DME

Does Good Control Help Once DR is ‘Bad’?

« PANORAMA and Protocol W said NO!
« All subjects had moderately severe or worse NPDR

Good Alc doesn’t
protect from VTC
once NPDR is

> moderate
(>DRSS Level 43)

Cumulative Incidence (%)
N a2 2 ® 2
8 &8 8 &8 8

0 84 168 280 364 448 560

Time to Development of VTC from Baseline (Days)

An Eye to the Future

* Al can detect DR as well or better than many ECPs

¢ We need to do more than detect DR and other
diabetes-related ocular complications

* We need to prevent them, stage them, predict risk of
progression, and treat them using technology, clinical
acumen and evidence-based therapies

* We need to counsel patients about cardio-renal
protection & diabetes prevention

Patient RC: Short & Sweet

21 yo male with TIDM x 12 years

Recent HbAlc = 7% but pt reports had been as high as 13%
for ‘many years’

Saw OMD 14 months earlier and was told he had “some early
changes” but could be seen Q2 years if he kept his Alcin
range

* Complaining of reduced vision in the right eye for a few days
¢ 20/400 and 20/20 NI with pinhole
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Patient RC
* Referred to retinal specialty
¢ Consult letter reports PRP and ranibizumab
(Lucentis®) delivered at 15t/2"d visits
—REMEMBER, Good Alc doesn’t protect from VTC once
NPDR is > moderate (>DRSS Level 43)

¢ This patient represents a strong argument AGAINST
less frequent eye examination intervals for higher
risk patients: Young males, TLDM, Hx of initial, chronic,
poor control, diabetes duration > 10 years

Metabolic Memory aka “Legacy Effect”

Schematic Course of DCCT/EDIC
Intensive and Conventional Groupi/.
A1C (%) <

~ Nephropathy

9.0 —\ " Retinopathy
/\,.\/ Neuropathy

Intensive

Retinopathy
Nephropathy
Neuropathy

EDIC®
years

Using OCT to Better See DME

Patient — DKS
52 yo obese male with T2DM x 5 years BP: 160/100
‘My vision has been fuzzy for several months’ “forgets to take meds”
BCVA 20/80 OD and 20/100 OS  * Wife reports he stops
breathing at night
Last Alc=7.8% Slit Lamp shows 1-2+ nuclear cataract OU
Meds: metformin, Losartan, HCTZ, simvistatin, ASA

Patient — DKS
What test needs to be done?
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Patient — DKS
* BP=142/90 ¢ BMI =34 e In-office BS =203 mg/dl

DKS: Diagnosis and Treatment?

CI-DME OU
Probable Severe NPDR (VB in 2 quadrants)

Probable obstructive sleep apnea (OSAS), a known risk
factor for DR/DME

Retina. 2018 Nov;38(11):2197-2206.

Referred by me to a retina specialist
—Ongoing anti-VEGF injections; BCVA now 20/30

Referred by me to a sleep physician - AHI = 38 events/hr
—Placed on CPAP therapy

DME: Center Involving (CI-DME)
or Non-Center Involving (NCI-DME)

ETDRS grid map with numerical
data for central subfield retinal
thickness within innermost circle
(1 mm diameter)

CI-DME: OCT demonstrating foveal involvement of
intraretinal or subretinal fluid with concurrent thickening
affecting the 1mm diameter central subfield thickness

Why does it matter?

Eyes with CI-DME have a 10-fold greater risk
of moderate vision loss compared to eyes
without center involvement! [ETDRS]

MVL = doubling of the visual angle
e.g. 20/40 > 20/80

Should We Perfrom Routine OCT on Every
Patient With Diabetes?

*No Way

*Yes Way

DME is NOT Always Obvious
= Up to 30% is undetected by stereo ophthalmoscopy

» These patients may need treatment and ALWAYS require
careful follow-up (3X more likely to develop CI-DME that WVA)

Ophthalmologica. 2013;230(4):201-6.

20/15

Minimal exudate

Cystic DME
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Patient RS - 2018

* 62 yo female with T2DM x 7 years  Alc = 8%
¢« BCVA20/500D IOP =18 mm metformin
e CST=426p uses CPAP Lantus

Patient referred & treated — RTO in 2019
e Avastin x 4 = Lucentis x 4 - Eyleax 4 '
¢ Vision 20/100 - IV Ozurdex placed
* Alc=7.2%
* BCVA=20/40 CST=334p *I0OP =47 mm

KS 2021 Follow-up

* IVT aflibercept Q 4-8 weeks x 24 mos

* Alc=6.8% *sleep report shows 6+ hrs nightly use
e ECCE 2BCVA 20/80 *CST =465
* |OP = 24 on Cosopt >

KS Key Points

* Not everyone responds well to anti-VEGF
(despite being the most common Tx)

* Add-on IV steroids are often helpful, but can
result in significant ocular HTN/glaucoma

— topical dexamethasone pro-drugs that
reach the retina without increasing IOP

—0CS-01 gave mean 7.1 letter improvement when
added to anti-VEGF with a minimal IOP increase
(DIAMOND Phase Ill)

(Current/Future) Possibilities for DME/ KS

¢ Faricimab (Vabysmo): dual action by blocking VEGF-A and
Angiopoietin-2 to stabilize leaky vessels

* Integrin inhibitors: work both upstream & downstream from
VEGF production (first topical failed in Pahse 2 trial)

* Oral therapies: RZ402 is a plasma kallikrein inhibitor shown to
reduce vascular leakage/inflammation is in Phase Il; APX-3330
is a redox effector factor-1 (Ref-1) inhibitor that blocks HIF-1a,

VEGF and NF-kB awaiting Phase IIl trials; fenofibrate

* Photobiomodulation: increases ATP and ROS scavenging in
stressed retinal cells (limited success in human trials to date)

USING WIDE-FIELD IMAGING TO BETTER
SEE AND STAGE DR

UWF yielded more accurate grading of DR
severity at baseline (12% of eyes had higher
DRSS in Protocol W)

DR severity is the key predictor of
progression - data from DRCR.net Protocol W

DRSS = Diabetic Retinopathy Severity Scale
Based on Modified ETDRS Scale




Patient MP

¢ 58 yo female with T2DM

e First appointment with me - referred by a friend
* Doesn’t know her HbAlc or medications

¢ 20/20 in each eye an IOP 14/16

¢ Here are her optic disk centered and montaged
wide-field images.......

4/8/26

Using OCTA to Better See What's
Going On...

useful for assessing blood flow &
capillary nonperfusion

60-year-old Hispanic male

“The vision in my right
eye is not good... it has
been getting
progressively worse.
Could it be my diabetes?”

20/40

Why is BCVA Reduced?

—History: Type 2 DM x 20 years; HbA1C 9.2%,
FBS 200, Metformin and Insulin

¢ HTN, Hypercholesterolemia

—Ocular Exam: No NVI, mild cataracts, normal
10P; moderate NPDR, normal OCT

—Ancillary Testing: OCTA

CFP

* Fundus Photography:
Grade the retinopathy

Hemorrhages, CWS

Moderate

More than Just microaneurysms but less than severe
NPDR
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OCT

¢ OCT: Is there Macular Edema?

No!! So why the
reduced vision??

M t? Ca_se courtesy of Referred by physician
anagement: Julie Rodman, OD, FAAO for a routine fundus
evaluation

Severity of Presence of Follow-up Panretinal Focal and/or Intravitreal Anti- P rOfesso r’ N S U CO
Retinopathy Macular (Months) Photocoagulation Grid Laser* VEGF Therapy

Edema (Scatter) Laser
Normal or minimal No 1] No No No
NPOR
Mild NPDR No 2 No No No

NCI-DME 36 No Sometimes No

CI-DME r No Rarely Usually
Moderate NPDR No 612 No No No

—Ter-oME 36 No Sometimes Rarely
CI-OME v No Rarely Usually

What about the macular ischemia???

Guarded prognosis!
Anti-VEGF NOT EFFECTIVE

Evaluation of Diabetes
Three main components:

History: Type 2 DM of unknown duration; HTN and
left-sided hemiparesis due to stroke

Ocular Exam: BCVA 20/25 OD, OS; no NVI/NVA,
normal IOP

Scattered intraretinal and pre-retinal hemorrhages:

Ancillary Testing Where is the neo?

10
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Management?? NOW, DON'T PANIC,
BUT I'M GOING TO

REFER YOU TO

PDR OU DR. JEKYLL.
defined as NVD, NVE, NVI/NVA

&,
Ce T
S
Refer!!!
OCTA indicating neovascular fronds beneath the preretinal hemorrhages
and adjacent capillary non-perfusion

A Couple Non-Eye Cases Worth Considering Simple Stuff We Can Help With

TR~

¢ 62 yo female with T2DM x 15 years on insulin, Ozempic
(semaglutide), metformin - no DR

* I’'m doing everything my doctor says but my Alc is bad
all the time (last HbA1c = 8.5%) and my PCP wants me
to take more insulin to get it down

¢ Wears a FreeStyle Libre CGM
¢ Chous: What’s your mean glucose on the Libre?
¢ Patient: Huh? What do you you mean?

So.....Is HbAlc STILL the Cat’s Meow?
90-day mean glucose = 142 mg/dL

Equivalent to a 7.0% HbA1lc * HbA1c has been widely regarded for nearly 30 years as
reflecting mean blood glucose over the previous 60-90 days

¢ HbA1c has been regarded as the best predictor of microvacular
Let’s look at your labs on MyChart complications

e Hb = 8.4 g/dL (normal 12.3-15.3 g/dL) « Is this still the case?

h o

This patient has ANEMIA so *Well....sort of
HbA1c results are falsely high!

s00avs

11
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Some Deficiencies of HbAlc

¢ Some analyses show that HbAlc compared to OGTT has
a sensitivity of < 50% for diabetes Dx

¢ HbAlcis NOT an average, but a weighted average (50%
of value determined in the preceding 3-5 wks)

 Patients with identical HbAlc values may have widely
divergent mean glucose as determined by professional-CGM
devices

Gen Intern Med. 2014 Feb;29(2):388-94. Adv Med Sci. 2012;57(2):296-301.

More deficiencies of Alc

« Iron deficiency renders values inaccurate
* Hemoglobin variants render values inaccurate
« Ethnicity/Race affect diagnostic sensitivity (WAA pts)

* HbA1c does not reveal glucose variability that has
predictive power for DR and other diabetes
complications

Plot of CGM-measured mean glucose concentration vs. laboratory-measured HbAlc.

N |
The Fallacy of Average: How Using HbAlc Alone
to Assess Glycemic Control Can Be Misleading

250

200+

150

1004 “Ihave a better mean blood glucose
L—than a person with an HbAlc of 7%

5.0 31)
Central-Lab HbAlc % (mmol/mol)

Beck RW et al. Diabetes Care 2017;40:994-999

CGM-Measured Mean Glucose (mg/dL)

Benefits of Glucose Time-In-Range

« TIR refers to the percentage of the day a patient’s blood
glucose is in a specified range = 70-180 mg/dL

TIR = 60%, HbAlc range = 7-12%)
— 1441 participants from the DCCT
— 3262 T2DM patients in China

¢ For any given TIR, there is WIDE variability in HbAlc (e.g.

* A 10% decrease in TIR increases DR risk 64% and risk of
microalbuminuria 40% (p < 0.001)

N—e__ > INDEPENDENT of HbA1c

Diabetes Care. 2019 Mar;42(3):400-405  Diabetes Care 2018 Nov; 41(11): 2370-2376
J Diabetes Sci Technol. 2019 Jul;13(4):614-626,

Management Goals for Adults: A1C and TIR

Individualized A1C
Most of CGM readings.
l n
a

) jot yet determined; more
S >70 /° se!rch is needed.
dults:

Most
nonpregnant

<7.0%

American Diabetes Association.

(V)
>50%
Diabetes Care 2020:43(Suppl. 1)

en $66-S76

om 0 3.0% American Diabetes Association.
i . ! Diabetes Care 2020;43(Suppl. 1):
o Bio $183-5192

Pl'egnancy Battelino T, Danne T, Bergenstal
g RM, et al. Diabetes Care 2019;42:
::g::m <6 to <7% B vpe20r 2%+ =
gestational diabetes A American
“ Reion

yar Connacted o Ufo

12



4/8/26

KW - What Went Wrong?

¢ 36 yo with TIDM x 25 years

¢ Basal-Bolus MDDI therapy (Humalog + Lantus)

¢ Mild NPDR (a few microaneurysms)

* Excellent glycemic control x 15 years (HbAlc
ranging 6.5%-7%)

* Alc has increased x 1year from 7.2% to 8.5%

e Last HbAlc = 9.1%

KW - What Happened?

* Total daily insulin dose has increased from 50 units to
190 units but “I’'m always high”

* Patient swears no change in diet, exercise or adherence
to insulin; glucose log shows no pre- or post-prandial
patterns

 (Excellent & famous) endocrinologist is unhappy

* What Happened?

Questions
* Where do you inject?

¢ “The left side of my stomach because I’'m right handed
and always driving”

Injection Site
Lipohypertrophy

With Rotation of Injection sites:

¢ Alc dropped to 6.4% within 3 months

« Insulin dosage dropped from 190 units/day to 50
units/day

lipohypertrophy, recommended site rotation

“The patient’s optometrist noted injection site f
and the glucoses have improved appreciably”

Patient DG

* 61 yo with excessive thirst & +3.00
diopter refractive shift

* BMI=25
* In-office glucose = 515 mg/dlI

* How do we know if this patient has type 1 or type 2
diabetes? Why is that important?

C-peptide: co-secreted with endogenous insulin

DG’s C-peptide
* 1.0 ng/ml
* Normal range = 0.5t0 2.0
* T1DM mean C-peptide = 0.6 at Dx
— Mean at 5 years is < 0.2
* T2DM mean C-peptide = 5.0 at Dx
* Mean C-peptide in LADA=1.1

* How do we confirm latent auto-immune diabetes of
adulthood (late onset TIDM)?

Diabet Med. 2013 Jul;30(7):803-17

13
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*GADA

glutamic acid decarboxylase antibodies

Hallmark auto-antibody associated
with auto-immune diabetes

DG Outcome
— Antibody testing was positive
—1750 U/ml (normal is < 5.0)

* This patient has autoimmune diabetes (LADA) and
has been placed on basal/bolus insulin therapy

—HbA1c 3 months after initiation = 7.2%

Is 42% of TIDM is Dx AFTER Age 30 years

Characteristics and Prevalence of Latent Autoimmune Diabetes in Adults (LADA). ISRN Pharmacol.
2012;2012:580202 Lancet Diabetes Endocrinol. 2018;6(2):122-129.

Back to the Eyes!

I’'ve got a fuzzy spot in my vision this morning

T2DM x 12 yrs; last Alc = 7.6%
20/40- OD and 20/20 0OS
Tonometry: 18/19

Patient scheduled for

femoral artery stenting
due to PAD

What is this?

Hollenhorst Plaque
Distal to BRAO

How Should We Manage Patients
with BRAO or CRAO?
* A. refer to retina specialist
* B. refer to PCP/internal medicine
* C. refer to the vascular surgeon

¢ DJrefer to a stroke center

* E.[reduce intraocular pressure

14
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translational
VS vision science & Bridging basic and dlinical research
technology

@®ARVO

Transl Vis Sci Technol. 2021 Sep; 10(11): 2.
Published online 2021 Sep 1. doi: 10.1167/tvst.10.11.2

PMCID: PMC8419877
PMID: 34468694

Risk of Stroke, Myocardial Infarction, and Death Among Patients With
Retinal Artery Occlusion and the Effect of Antithrombotic Treatment
Nanna Vestergaard,” ' Christian Torp-Pedersen, 2 Henrik Vorum, '+ 3 and Kristian Aasbjerg '+ 4

» Author information » Article notes » Copyright and License information ~ PMC Disclaimer

6600 Danish patients with any form of RAO

Main Findings
* Highest risk of stroke was 3-14 days after any RAO
(RR =50.71 compared to age-matched population risk)
* Risk of MI was 2X higher within 90 days
* Risk of death 1.64X higher within 90 days

¢ Anti-thrombotic treatments were NOT effective at
reducing risk within 1-year of RAO, but pre-stroke
aspirin use has been found to reduce severity of
CVA in previous studies

J Atheroscler Thromb. 2019; 26: 528-537.

RL - Why Do | Need Treatment?
¢ 33-year-old male with TIDM x 19 years

Referred by endocrinology

Last eye exam was 5 years ago
Last HbA1C: 7.1%
Alc had been > 8.5% “for years” after Dx

*BCVA 20/20 in each eye

* Only test glucose when he feels bad

—Basal/bolus insulin (Novolog/Levemir): 150 units/day
—In-office glucose: 55 mg/dl (OJ given in exam room)
—Patient has hypoglycemia unawareness

What Severity?

Images courtesy of A Paul Chous, 0D.

What Severity?

Images courtesy of A Paul Chous, 00.

<®) EYENUK

* Severe NPDR OU
¢ Al confirms VTDR
¢ Pt declines referral as he

has no symptoms

owe munom Screening Summary

Positive for vision-threatening diabetic retinopathy

otos and Al
DRS stats
* Showed example of

improvement with anti-
VEGF

Pt still intransigent

15
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Diabetic Retinopathy Severity Score (DRSS)
Example of 2-Step Improvement w anti-VEGF

Abnormal ERG in Long-term Diabetes shows delayed
implicit time & Wamplitude

0,0002
0,00015
0,0001

0,00005

o

mplitude (uV)

Al
S
9
g

-0,00015

\\\ 02 I/ 0, 0drmsVigpecmo 17pgus kgl 14
-0,0001

Time (ms)

Abnormal flicker ERG #Arisk of intervention in DR

ERG Abnormalities Associated with Worsening DR
First published in 1987, results replicated in the North & South America, Europe, and
Asia

Mild NPDR Severe NPDR

‘ Increasing Disease Severity

A Global DR Score Predicts Who Will Need Tx

* N=237inUS

¢ Primary outcome: %
receiving laser, IV therapy
and/or vitrectomy over 3 yrs

* Clinically observable SEVERE
NPDR in tandem with
ERG+pupillometry score >
23.5 best predicted Tx

0%
50

0%
0%

0%

% Patients Needing Treatment in 3 Years

Brigell MG, Chiang B, Maa AY, Davis CQ.
Trons Vis Sci Tech. 2020,9(9):40-40.

Full-field Flicker ERG in DR/DME

DR Score is a combination

of the better eye’s implicit time

& amplitude, the worse eye’s
pupillary response, and patient age

Test protocok: DR Assessment ectrodes: Sensor Srigs
DR score s
Operator-selected kenis
70w 234
95% Reference inerval
~|@se216 e -
o I on 0% 2w 1o0%
—— | ]
Right Eve Left Eve

Patient RL

16
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Progression from Any Stage of NPDR to PDR
and/or DME over 48 weeks

* RetEval DR Score > 26.9 single best predictor
—RR =7.2vs a DR score < 26.9 for all NPDR stages

Relative  7X
Risk (RR) of ~ 6X
Progression  5X P<0.01
FromNPDRto  4X | o 59
PDR and/orDME  3X

OCTAFAZ  UWF-FA DR Score Color

Davis Q Brigell MG ISCEV 2023 Area Ischemia >26.9 ndus Photos

Patient Education

* You have a very high risk of severe, irreversible vision
loss within the next year based on both the appearance
of your retinas and the function of your retinas

e Earlier treatment may help prevent this
e Let’s get a retina consult

¢ Keep your blood glucose levels stable, get a continuous
glucose monitoring system to help avoid severe
hypoglycemia, and follow-up with me after the retina
appointment - are you on board with me?

We Are Trying to Prevent You from Going from
Here... To Here

DR Score

Operator-selected limits
700240

95% Reference interval
870215

Predictive Value of Combining Technologies
* 39 yo male with TIDM & recent HbA1lc = 6.4%; mild NPDR
* November 2023 images
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OCTA Shows Areas of Non-perfusion

INN@VA

And here’s the ffERG + pupillometry..........

Color Contrast Sensitivity Reduced

@ == Significant blue
(S-cone) deficits >
red/green

(L- and M- ) deficits

ffERG wave form
showing delayed signal
(longer implicit time)
and reduced amplitude

Hand Held ERG Device

| Diminished pupillary response

= [ s
23 i % differential between brighter &
7 e e dimmer ffERG stimulus

Image courtesy of A. Paul Chous, OD

Abnormal 2023 DR Score using
ffERG + pupillometry

DR Score (I=s)

Operator-selected limits — i
(7.0 & 23.4) Outside limits

95% Reference interval

(10.0 & 22.8) >100%

Image courtesy of A. Paul Chous, OD

Patient re-appointed x 4 months

March 2024 Images NVD

Helping Prevent Diabetes and DR

7

AN OUNCE OF
PREVENTION IS WORTH A
POUND IN CURE

Ber fin
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What Causes Diabetes? --- Everything!

What Causes Diabetes?

visceral Food insecurity

obesity/ excess

~ ¥ ‘/ refined carbs
sleep

<« disorders

genetics &
epigenetiics

particulate
air pollution ~——2>»

& smoking Increasing

Diabetes —— Yvit D
sedentary / \ Wbreast
lifestyle et = feeding

pesticides

psychosocial

food preservatives stress

Aindoor air
temperatures

Source: A. Paul Chous, 0.D.

Patient GM - At Risk

58 yo male with recently Dx pre-diabetes
Alc=6.3% Fasting glucose = 118 mg/|
‘My PCP recommended more exercise and weight loss’

Meds include atenolol, HCTZ, d/c lisinopril (‘made me cough’),
ranitidine, rosuvistatin

BMI = 36 kg/m? Waist Circumference = 42"
Smokes 1 pack/day ¢ Low Macular Pigment
Eats 1 serving of fruits/vegetables/day

Mom developed T2DM in her 70s

Why Should ODs Care About
Diabetes Prevention?

e Every day, 55 Americans with
diabetes go blind

* You won’t go blind
from diabetes if you
don’t develop diabetes

*Has Prediabetes ¢Abdominally obese *Smoker

*Male >50yo *Thiazide Diuretic ¢ Potent statin

#Little Plant Food 15t Order Relative had T2DM ¢ Low MPOD

WHAT ARE GM’S
RISK FACTORS FOR T2DM?

My Plan For GM
* Send a note to his PCP
¢ Copy the patient on the note

MEMORY
BUY-IN
ACCOUNTABILITY
¢ Give him my handout titled “Practical Tips to Avoid

Diabetes ”

* Give him a card for a local smoking cessation program
¢ Have GM write down my recommendations and pick 1

or 2 things he wants to fix before his next eye exam —
circle those and enter in record

Why Fast?
* T2DM is a PROGRESSIVE Disease
¢ Medical-Nutrition Therapy (MNT) including

drugs/dieting/exercise RARELY results in disease
remission

* Remission DOES occur after bariatric surgery or
with fasting + reduced carbohydrate diet

Diabetes Care. 2016 Jun;39(6):893-901 Indian J Endocrinol Metab. 2012 Jul;16(4):552-7.
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GM Outcome

* 55 |b weight loss using alternate daily fasting

¢ Walking 10K steps each day

* Last Alc =5.0%

 Taken off HCTZ and now using low dose ARB (valsartan)
* Discontinued smoking

¢ MPOD increased from 0.28 to 0.60 on DiVFuSS
supplement

* GM says “this was the best thing I’'ve ever done”

WHY DIDN'T ANYBODY

TELL ME THIS * Why didn’t any
| of my other

S H T doctors ever

BEFRE? recommend this

before?

WARCELLA ALLISON & LAURA GA

Diabetes Visual FUnction Supplement Study
( D iV F U SS ) Brit J Ophthalmol. Feb;100(2):227-34

a 6 month double-blind placebo-controlled RCT of adults with
T1DM or T2DM > 5 years

u No DR (2:1) and mild-moderate NPDR (1:1)

u Daily use of a multi-component nutritional supplement
(zeaxanthin, lutein, vitamins D/C/E including tocotrienols,
curcumin, benfotiamine, Pycnogenol™, lipoic acid, NAC,
res)veratrol, green tea & grapeseed extracts, 0-3 FAs, CoQ10,
Zn

a Pre- and post- analysis of CSF, MPOD, color vis., macular
perimetry, OCT, Alc, lipids, 25(OH) vit. D, hsCRP, and diabetic
peripheral neuropathy symptom scores (DPNSS)

Visit this
BM) Open Access article gy
Br J Ophthalmol. 2016 Feb; 100(2): 227-234. PMCID: PMC4752618
Published online 2015 Jun 18. doi: 10.1136/bjophthalmol-2014-306534 PMID: 26089210

The Diabetes Visual Function Supplement Study (DiVFuSS)

A Paul Chous,' Stuart P Richer,2 Jeffry D Gerson,® and Renu A Kowluru®

Mean Change/SD in visual function measures, serum lipids,
hsCRP, glycohemoglobin, foveal thickness and symptoms of
diabetic peripheral neuropathy with 95% p-Values

_A from baseline Suppl v. Plac  p-Value
Contrast Sens (%) +19.1+8.9 -6.2+5.1 <0.0001
Color Error Score  -20.55+24.37 +7.5+22.01 <0.0002
5-2 MD (db) +2.78+9.83 -0.75+0.98 <0.0001
MPOD (du) +0.09+0.05 -0.01+0.03 < 0.0001

LDL-C (mg/dl) -7.61+16.08 +0.82+10.15 0.01
HDL-C (mg/dl) +3.82+6.24 -1.61+5.31 0.0004
TGs (mg/dl) -10.46+28.48 +2.39 +11.56 0.01
hsCRP (mg/L) -2.14+3 -0.28+1.83 0.01
HbA1c (%) -0.1+0.4 +0.1+04 0.06
Foveal Thickness 2.66+11.25um 0.34+3.48 um 0.35
DPNSS -30'70/3»@:' . T“-:-1 0.7% 0.0024

Exact

Another ERG Case....

* 69 yo T2DM x 7 years  Husband recently Dx with Alz Dz
» Moderate NPDR with non-CI-DME  Last HbAlc = 7.5%
« ffERG performed and DR Score = 23.1

e Started on DiVFuSS Formula
¢ 6 months later DR Score =19.2 Recent HbAlc =7.7%

* This represents a 60% reduction in risk for retinal
intervention over the next 3 years
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My favorite Elliott Joslin Quote

* “Diabetologic Education is not a
part of the treatment of diabetes,

it IS the treatment”

Joslin EP (1998) Diabetic Manual for the Doctor and patient 1918. Joslin Diabetes Center

The OD as Diabetes Educator

* We have the opportunity to help fill this gap

e Multidisciplinary diabetes education provided by
an optometrist, psychologist and endocrinologist
resulted in significantly better patient knowledge
and satisfaction compared to usual care

Wagner H, Pizzimenti 1), Daniel K, Pandya N, Hardigan PC. Eye on Diabetes. The Diabetes Educator.
2008;34(1):84-89

Critical Message for Diabetes Patients

Good Vision On an Eye Chart or Daily Life

£

Healthy Eyes

Critical Message for Optometrists

We play a critically important role in
diabetes care that will grow as the number
of diabetes cases grows, especially if we
educate patients and improve outcomes

THANK YOU!

dr_chous@diabeticeyes.com
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