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There are lies,
CETRITES

and statistics.

Premise

¢ Patients with diabetes AND many of their
health care providers adhere to
misconceptions, half-truths & falsehoods that
impede good outcomes

flapdoodle

nonsense; bosh.

Let’s Dispense with Some ‘Silly’ Stuff First
Common Misunderstandings

Nomenclature
—T1DM, T2DM, GDM are accepted acronyms
—NOT Type | and Type Il
* NOT insulin-dependent and non-insulin dependent

—NOT IDDM or NIDDM
—Many T2DM patients require insulin (30%)

* NOT ‘juvenile diabetes’ or ‘adult-onset diabetes’
—Many children develop T2DM (19/100K vs 22/100K T2/T1)
—Many adults develop T1IDM (42% after age 35!)

Lancet Diabetes Endocrinol. 2023 Apr;11(4):242-250.

Diabetes Care. 2022 Apr 1;45(4):994-1006.
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Who Gets Diabetes?

aTransmission of type 2
|f 1 parent with T2DM, then 20% risk

oIf 2 parents with T2DM, then 60% risk ~
#60-75% in identical twins '

aTransmission of type 1
o|f father has T1DM, then 5-15% risk
o|f mother has TIDM, 1-5% risk
oif both parents have T1DM, then 10-25%

#25-50% in identical twins
Rev Diabet Stud. 2015 Fall-Winter;12(3-4):233-42.

Let’s Get To The Flapdoodle!
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Kan B, Besry, MD, FAAFP

Misconception #1

¢ Glycated hemoglobin (HbA1c) is an average of
patients’ blood glucose levels over 60-90 days

* FACT: HbAlc is a weighted 60-90 day average
with 50-75% of its value determined in the 30
days prior to blood draw - often falsely high
in Black patients and in those w Hb disorders

Mediterranean J Nutr Metab. 2015;8:213-216.

Misconception #1 - cntd.

e Glycated hemoglobin (HbA1c) is an average of
patients’ blood glucose levels over 60-90 days

e FACT: Patients with IDENTICAL HbA1c can have
widely divergent mean glucose levels when
assessed by gold-standard, professional
continuous glucose monitoring systems

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

Plot of CGM-measured mean glucose concentration vs. laboratory-measured HbAlc.
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The Fallacy of Average: How Using HbA1lc Alone

2501 to Assess Glycemic Control Can Be Misleading
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Alc is Being Replaced by TIR
as the New Gold Standard

¢ In the landmark DCCT, HbA1lc during the trial
accounted for a mere 6-11% of the risk for
development & worsening of DR

¢ Where's the other 89-94%??!!

— Hypotheses: glucose variability, genetic
predisposition; diabetes duration, inflammatory
dyslipidemia

The Diabetes Control and Complications Trial Research Group. The relationship of glycemic exposure (HbALc) to the risk of
development and progression of retinopathy in the diabetes control and trial. Diabetes. 1995;
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Benefits of Glucose Time-In-Range

*TIR refers to the percentage of the day a patient’s blood
glucose is 70-180 mg/dl

¢ For any given TIR, there is WIDE variability in HbAlc (e.g.
TIR = 60%, HbAlc range = 7-12%)
—1441 participants from the DCCT
—3262 T2DM patients in China

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

\wEPENDENT of HbA1c

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

Why Time-In-Range Matters
A 10% increase in Glucose TIR has been shown to
reduce the risk of diabetic retinopathy incidence &
worsening by > 40% In both Type 1 and Type 2
diabetes - INDEPENDENT of AlC..

—Better TIR (> 70% vs < 50%) also linked to
>30% reduced risk of MACE in T2DM (M,
stroke, bypass surgery)

Everett EM. Leveraging Continuous Glucose Monitors to Reduce the Risk of Diabetic
Retinopathy. JAMA Netw Open. 2024;7(3):e240718.
Diabetes Technol Ther. 2023 Jun;25(6):378-383.
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Improved HbA1c 1-1.5% in non-insulin users
ADA Scientific Abstract 84-LB June 13, 2020
Equivalent to adding insulin

Management Goals for Adults: A1C and TIR

Individualized A1C Time in Range™

* Expressed as percentage
Most of CGM readings.

0/ ** Not yet determined; more
(LI >70 o research is needed
adults:

<7.0%

nonpregnant
adults

Older or
high-risk
adults

Those who
can without
undue risk:

<6.5%

>50%

American Diabetes Association.
Diabetes Care 202043(Suppl. 1).
$66-576

American Diabetes Association,
Diabetes Care 2020:43(Suppl. 1):
$183-5102

Battelino T, Danne T, Bergenstal
Pregnancy, RM, et al. Diabetes Care 2019;42:

type 2 or 2 15931603
gestational diabetes Y

o <6 to <7%

\
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Misconception #2

e Good HbAI1c is protective against the development
of PDR and CI-DME for all patients

* FACT: Once NPDR severity is > moderate, better
HbA1c does not reduce the risk of developing
these vision-threatening complications given
‘metabolic memory’ seen in every major diabetes
trial

Metabolic Memory: Positive & Negative
*POSITIVE: Patients with tight glucose control in the
first decade after Dx are significantly less likely to
develop severe DR despite worsening glucose

control over time

*NEGATIVE: Patients with poor glucose control within
the first decade after Dx are significantly more likely
to devlop severe DR despite improved glucose
control over time

Kowluru RA. Vision Res. 2017;139:30-38; Brown DM et al. JAMA Ophthalmol. 2021;139(9):946-955.
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It’s IMPERATIVE to Get/Maintain Good Blood Glucose
Control As SOON After Diabetes Diagno
EE

sis as is Possible!
Y X

Al

¢{Improving blood glucose control appears to be on no
benefit once NPDR severity is > moderate

W

What Does DRSS Level 47/53 Look Like?

Moderately Severe (47) NPDR  Severe (53) NPDR
e Severe intraretinal
hemorrhage > 1 quadrant

¢ ANY vein beading

e 4-2-1 rule for Hng/VB/IRMA

The “Skinny” on Alc

* A patient’s current HbA1c has little predictive
value

¢ A patient’s Alc history over time has far
more value given metabolic memory

Refer patients to retina based on their
disease severity, NOT their current HbAlc

Misconception #3

¢ Hyperglycemia best predicts the likelihood of
vision loss in diabetes

¢ FACT: severe hypoglycemia was the single
best predictor of 2+ lines of vision loss in
patients with diabetes in one major analysis

The Perils of Severe Hypoglycemia

EThe Freemantle Diabetes Study (W. Australia)
showed hospitalization for acute hypoglycemia =
biggest risk factor for 2+ lines of vision loss in
subjects with DM (HR = 5.5) over 4 years

BmHbAlc > 9% was associated with a 3-fold risk

JAMA. 2021;325(22):2273-2284.
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mHypoglycemia kills retinal cells via
Asuperoxide free radical anions

PLoS One. 2013;8(9):€74162.

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 J
minimize hypoglycemia!

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

CGM measures interstitial glucose to correlate with
blood glucose — MARD = > 90%
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MARD = Mean Absolute Relative Difference

Be Prepared for In-office Hypoglycemia

*Always have a rapid-acting carbohvdrate in the office (juice,
sugared soda, glucose gel)

15gm CHO will  ~ 30-40 mg/dl

(1.7-2.2 mmol/L)

Only exogenous INSULIN, sulfonylureas and
glinides cause hypoglycemia in isolation

Help Patients Avoid Both Hyperglycemia
& Hypoglycemia

* Risk is especially high in pts using insulin/
sulfonylureas + GLP-1 analogs (e.g. semaglutide
- aka Ozempic, Wegovy, Rybelsus or
tirzepatide - aka Mounjaro, Zepbound)

¢ Educate patients and PCPs

* Recommend CGM!!!

.

Real-World PROOF that CGM Matters for DR

Analysis of 25K+ patients with NPDR

After ALL Controls (including HbA1c/diabetes duration/Tx

modality/diabetes subtype), those initiating CGM within 6 mos of
NPDR Dx had:

— 13% ‘risk of developing DME
— 26% risk of developing PDR (45%WVH and 58%WTRD)

— 28-63% risk of needing an intervention

CGM use is superior to periodic HbA1c for reducing risk of
STDR

ECPs should have prescriptive authority for CGM

Sci Rep 15, 25215 (2025).

WE CAN PRESCRIBE
and/or SELL in our offices!

CGM coaching

Ralnforce
€ &sell- A
et \ Diabetes with Hyperglycemia
@ > ICD10 E11.65/E10.65:

Diabetes with Hypoglycemia
1CD10 E11.64/E10.64

Any Diabetic Retinopathy Code

Klupa, T., Czupryniak, L., Dzida, G. et al. Expanding the Role of Continuous Glucose Monitoring in Modern
Diabetes Care Beyond Type 1 Disease. Diabetes Ther 14, 12411266 (2023).
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Misconception #4

¢ There is no therapy for nonproliferative DR
other than improved metabolic control

¢ FACT: anti-VEGF therapy has been shown to
cause regression of NPDR and reduce the risk
of vision-threatening sequelae

Paradigm Shift?

* Evidence shows that earlier use of anti-VEGF therapy can
reduce DR severity and prevent vision threatening
complications like PDR, ASNV and CI-DME, especially when
moderate or worse NPDR

*The biggest predictor of progression is DR severity at
baseline exam (e.g. patients with severe NPDR and
good Alc are FAR MORE LIKELY to develop PDR/DME
than patients with milder NPDR and a poor Alc)

Brown DM et al. JAMA Ophthalmol. 2021;139(9):946-955.

Aflibercept Treatment Prevents Progression to PDR,
ASNV, and CI-DME
VTC (PDR/

ASNV) or
CI-DME

vTC
(PDRIASNV)

256%

| 739% | 67.9%
12%

96% .
l 7% 82%
... .

Number needed to treat = 3 patients in order to prevent 1 prespecified VTC or CI-DME event

Proportion of Patients

*P<.0003

135 L iz | v sham|

Wkt CC. ipenmsroom ogeneron com/samtess7dabded-2586-4odt 381519675, Acoeseod Aucust . 2015. Asteovaton: VTC, vlon-#vsataring complication.

Diabetic Retinopathy Severity Score (DRSS)
Example of 2-Step Improvement

Severe NPDR = Moderate NPDR

PANORAMA & PROTOCOL W
Treatment with anti-VEGF Pulls Patients
with Severe NPDR and PDR Back From the
Edge of the Cliff
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Number Needed To Treat...

¢ In PANORAMA only 3 subjects with Level
47/53 NPDR needed treatment to
prevent 1 vision-threatening
complication like PDR, anterior segment
NV and/or CI-DME

Projected Red d Risk of Legal Blindi in Severe NPDR Patients Receiving anti-
VEGF Therapy vs Monitoring based on data from PANORAMA/RISE/RIDE Trials
ANTI-VEGF THERAPY REDUCED THE RATES OF VISION LOSS (20/200 OR
WORSE) IN SEVERE NPDR

i 57% reduced risk!

Patients with vision loss

Time (years atter study start)
 Snen TRt See R beait

What if the retina specialist | work with
doesn’t use anti-VEGF to treat NPDR?

* It’s still sensible to refer anything more than
moderate NPDR

* 30% of eyes in PANORAMA & other trials
were under-graded by RS when compared to
image reading center

* FA may detect PDR in some eyes you think
are NPDR!

Results of Ultrawide-field FA — now what stage?

Misconception #4 - Part 2

*There is no therapy for nonproliferative DR other
than improved metabolic control

*FACT: treatment of obstructive sleep apnea, use
of fenofibrate, vitamin D3 and fish consumption
have all shown benefit in NPDR
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Apnea in Diabetic Retinopathy/DME

*STDR rates were 2-2.5X higher in T2DM
patients (n = 230) with untreated/under-
treated OSA followed for 4 yrs

*After all adjustments, OSA increased odds of
progressing to severe NPDR/PDR 5-fold

*AHI > 11.9 vs < 4.8 increased odds of STDR
7.5-fold

Mason RH et al. Respiration. 2012;84(4):275-282.
Altaf QA et al. Am J Respir Crit Care Med. 2017;196(7):892-900.

OSAS in Diabetes

¢ >50% of T2DM patients have OSAS
¢ Close to 50% of T1IDM patients have OSAS

¢ EVERY patient with diabetes mellitus should
be evaluated for sleep apnea, especially
those with DR/DME

Zewdu D et al. Sleep Science Practice. 2022;6:10.
Manin G et al. Diabet Med. 2015;32(1):90-96.

+ ESAP = Easy Sleep Apnea Predictor

s - FaN

| T
Neck Grasp Predicts Obstructive Sleep Apnea in Type 2 Diabetes Mellitus. Sleep Disord.
2019 Jul 1;2019

AVAILABLE Oral Tx for DR and Its

———  Prevention——————————
¢ Long-chain Omega-3 PUFA

* Fenofibrate
¢ Evidence-Based Nutraceutical Supplements
¢ Block the renin-angiotensin system

SGLT2 Inhibition

Sight-threatening Diabetic Retinopathy

Predimed Trial 2° Analysis

Subjects consuming > 500 mg daily long-chain-
w3PUFA were 48% less likely to develop STR over 6
yrs compared to those consuming < 500 mg (p=0.001)
after all controls

JAMA Ophthalmol. 2016 Oct 1;134(10):1142-1149.

PREDIMED omega-3 benefit against
sight-threatening DR is achieved with
Two servings of oily fish/week

JAMA Ophthalmol. 2016 Oct 1;134(10):1142-1149
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Combined MESA & GOLDR Cohorts

e 17%/38% less incident DR/Severity of DR in 1362
T2DM subjects with highest vs lowest quartile of
serum DHA and serum EPA+DHA (p = 0.004 to
0.009)

¢ Combined EPA+DHA was most protective
(56% less severe DR)

MESA = Multi-Ethnic Study of Atheroscleoris
GOLDR = Genetics of Latino Diabetic Retinopathy

Retina. 2023 Jun 1;43(6):984-991.

Fenofibrate - oral therapy to prevent
progression of DR

mApproved first-line therapy for mild-moderate NPDR in Australian
adults with T2DM

aNNT = 17 for prevention of CSME or PDR

Diabetologia 2014

mnApproval based on analysis of FIELD & ACCORD-Eye trials

arketed in Australia as Lipidil (145mg/48mg for renal
impairment)
LCancet 2007 370(9600):687-97
ACCORD Eye Study, N Engl J Med. 2010 Jul 15;363(3):233-44
Ophthalmic Epidemiol. 2014 Oct;21(5):307-17

More on Fenofibrate (FF) in 2024

uRCT of 1151 T2DM with non-referable DR randomized to
145 mg fenofibrate QD/QOD or placebo x 4 years from
the Scottish Diabetic Eye Screening Program

u27% decrease in referable DR or Tx with FF (p
= 0.006)

u50% reduction in incident DME \

BDRCR Protocol AF is randomizing 560 eyes with
mild to moderately severe NPDR (DRSS 20-47)
without DME to 160mg FF vs placebo - Primary
Outcome: PDR (early data were expected in 2025)

@
DRCR.net

Fenofibrate was approved by FDA in 1993
for the treatment of dyslipidemia

Can we do better than
“watchful waiting”?

Other Micronutrients Against DR
* Vitamin D3 =
* Benfotiamine
* Curcumin
* Pycnogenol
* Lutein/Zeaxanthin
¢ Poly-ADP-ribose inhibitors
— quercetin
— nicotinamide (vit B3)

Serum vitamin Dis a biomolecular
biomarker for proliferative diabetic
retinopathy

International Journal of Retina

Conclusions
Serum vitamin D levels of <18, ng/mL serveassensiiveand speific
indicatorfor prolferaiv disease, among patients of DR
Get serum 25-OH D3
Levels > 40 ng/ml




Diabetes Visual FUnction Supplement Study

(DiVFUSS) Brit J Ophthalmol. Feb;100(2):227-34

u6 month double-blind placebo-controlled RCT of adults with
T1DM or T2DM > 5 years

uNo DR (2:1) and mild-moderate NPDR (1:1)

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

uPre- 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)

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
-7.61+16.08 +0.82+10.15 0.01
+3.82+6.24 -1.61+5.31 0.0004
-10.46+28.48 +2.39 +11.56 0.01
-2.14+3 -0.28+1.83 0.01
-0.1+0.4 +0.1+0.4 0.06
2.66+11.25um 0.34+3.48 um 0.35
-30.7% +10.7% 0.0024

Fisher’ s Exact Test

No changes seen in 100% contrast BCVA

LDL-C (mg/dl)
HDL-C (mg/dl)
TGs (mg/dl)
hsCRP (mg/L)
HbA1c (%)
Foveal Thickness
DPNSS
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Color Contrast Sensitivity Improvement with DiVFuSS Formula

63 yo with mild NPDR and early

. - INNGVA.. G | —
color vision deficits

Rabin Cone Test

Started on DiVFuSS Formula
with Education About Color
Perception Loss

6 Month Follow-up

« Significant improvement:
ORight eye red: 75 to 90
ORight eye green: 50 to 90

SffERG+pupillometry pilot study with DiVi

¢ Pts with NPDR and no CI-DME

* DR Score > 18.0 (mild to severe
abnormality of ffERG+pupillometry

« 2 DiVFuSS gelcaps daily x 6 months

¢ Assess change in DR Score @ 6 months
* Assess MPOD at baseline & 6 mos

Pilot Study: DiVFuSS Formula Effects on
ffERG + pupillometry

¢ ffERG+ pupillometry/MPOD in patients with NPDR
¢ Abnormal global DR score (>18) patients (n=8) placed on
DiVFusSS formula for 6 months

¢ Mean DR score reduced by 8% with 9% MPOD increase

¢ Equivalent to a 20% risk reduction for progression to

PDR HR =1.28 /\ DR SCORE

Subject #3 after 6 months

* 69yo 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

10
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Poly-ADP ribose polymerase inactivates the crucial
Enzyme glyceraldehyde-3-phosphate dehydrogenase

PARP

This,causes back-up of glucose
metabolism that drives vascular

Glucose

Polyol Pathway
Glucose-6-phosphate
v

Fructose-6-phosphate — Hexosamine Flux

Protein Kinase C

T Advanced Glycation

Glyceraldehyde-3-phosphate

ATP + Endproducts
damage in diabetes 1~(3ha'?mi520m§gmggy°efa e PARP = Poly-ADP-ribose
binds ROS to GAPDH

Glucose Metabolism ROS\

PARP enzymatically binds ROS to GAPDH

¢ Inactivated GAPDH drives the 4 injurious pathways

* What blocks PARP?

— quercetin

— nicotinamide (vitamin B3 analog) - converted easily
to NAD+ (nicotinamide adenine dinucleotide)
—rutin 250 mg*

optimal dosing TBD
Oncol Rep. 2014 Feb;31(2):551-6.

ACEIs/ARBs (-prils & -sartans)

Vasotec® (enalapril) and Cozaar® (losartan) reduced the risk
of DR progression by 65% and 70% in TIDM

NEJM 2009;361: 40-51

Captopril reduced DR progression 40% and DME 30% by OCT

in T2DM Chin Med J (Engl) 2012 Jan;125(2):287-92

Meta-analysis of 13K+ pts (21 studies) shows a more
modest 19% reduced risk of DR progression with ACEI/
ARB therapy over 4 yrs (p = 0.007)

Lancet Diabetes Endocrinol. 2015 Apr;3(4):263-74.

Reno- AND Retino-Protective

SGLT2 Inhibitors - the -flozins

* Block reabsorption of glucose at the proximal renal tubule
— facilitating urinary excretion of glucose when glucose >
180 mg/dI

—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

11
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SGLT2 Inhibitors A\ Urinary Glucose Excretion
and Reduce M|, Stroke, Heart Failure, End-stage

Renal Disease and CV Death by 19-50%
E=a

Cardiovasc Diabetol 20, 236 (2021).

50% reduction in ESRD with SGLT2 use ‘

GLP-1s/SGLT2is & DR

¢ Network meta-analysis of 2+ million pts with T2DM
worldwide

¢ SGLT2 inhibitors (-flozins) linked to a 17% reduced
risk of DME in pts on insulin

¢ GLP-1 drugs linked to a 30% increase risk of
incident DR in patients on insulin

¢ 2023 meta-analysis showed 25-43% lower risk of
STDR with SGLT2is vs pioglitazone, DPP4is or
sulfonylureas Diabetologia 67, 1271-1282 (2024).

Glycemic Re-entry Retinopathy

Incident or worsening diabetic retinal disease with
large, rapid improvement in blood glucose levels in
patients with poor glycemic control

Insulin
GLP-1 Analogs (-tides like semaglutide and
tirzepatide)
0Ozempic/Wegovy/Rybelsus
Mounjaro/Zepbound

WE CAN DO MORE THAN TELL
PATIENTS TO “CONTROL THEIR
DIABETES,” MONITOR THEM FOR
SEVERE DISEASE AND REFER FOR
INVASIVE THERAPIES WHEN
NECESSARY TO PRESERVE VISION 0

Misconception #5

e Itis patients’ own fault if they develop type 2
diabetes due to poor lifestyle choices

¢ FACT: There are myriad environmental
factors beyond individual control that
increase the risk of T2DM

Nature/Nurture in T2DM

* Analysis of MESA/NHANES (n = 89K) shows that
excess weight is the SINGLE biggest contributor
to T2DM onset in the US, accounting for 30-53%
of total risk  J Am Heart Assoc. 2021 Feb 16;10(4):e018799.

BUT.

¢ Gene-wide associated studies (GWAS) show that
T2DM is a polygenic disease with 30-70%
heritability depending on specific phenotype

Nutrients. 2022 Aug 4;14(15):3201.

12
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Influence of Maternal Diabetes on Offspring

Maternal Maternal
Obesity Exercise
Excessive GWG T WG4
Pre-eclampsia t GDM4
GOM T Glycemic control 1
Post-partum weight retention T
Congenital abnormalities T
GWG = gestational wight gain
GDM = gestational diabetes mellitus

MSC = Mesnchymal Stem Cells

MSCs lepogeﬂemr " MSCs
yogeni potenta s s
Lipid acammulationt ooyl
> (B ) A meataiom: — () Sl Tidnion
nypermesnyiationt
Bt

Risk for future obesity T Risk for macrosomia 4
Risk for future IRT Body composition
Adiposity T Childhood obesity 4

Nature/Nurture in T2DM

 ..about a fifth of the global T2DM burden is
attributable to PMy s (fine particulate matter <
2.5 microns diameter)

GBD 2019 Diabetes and Air Pollution Collaborators. Estimates, trends, and drivers of the global

burden of type 2 diabetes attributable to PM2-5 air pollution, 1990-2019: an analysis of data from

the Global Burden of Disease Study 2019. Lancet Planet Health. 2022 Jul;6(7):e586-e600.

Nature/Nurture in T2DM

* Food insecurity is associated with DOUBLE the
risk of T2DM and diabetic retinopathy

* Food insecurity is CAUSALLY
linked to T2DM and poor glucose control

¢ Food insecurity is associated with consumption of

highly processed, cheap foods, elevated cortisol,
obesity and insulin resistance

Diabetes Care 2021 Jun; 44(6): e131-e132
JNutr. 2019 Jun 1;149(6):982-988.

What Causes Diabetes? --- Everything!
What Causes Diabetes?

- visceral Food insecurity
genetics & obesity
epigenetiics excess
pie \ & /‘/ refined carbs
particulate sleep
air pollution ~——23» R <« disorders
& smoking Increasing
Diabetes <—— VYvit D
sedentary / ~ Whbreast
lifestyle - feeding
pesticides psychosocial
food preservatives <indoor air stress

microplastics temperatures

Source: A. Paul Chous, 0.D.

& Light-at-night

Bottom Line

* We have created a diabetogenic
environment
— Known Risk Factors: smoking, HCTZ > 50 mg,

hi-dose/potent statins (rosuvistatin &
atorvaststatin), low macular pigment

* Obesity is not the only risk for T2DM

Prediabetes Increases the Risk

¢ Having prediabetes (FBS 100-125 or Alc 5.7-6.4%)
increases T2DM risk 6-fold

¢ Walking 150 minutes per week reduces risk of
preDM becoming T2DM by 58% over 4 years

¢ Arecent trial of tirzepatide (Mounjaro™) in obese
subjects showed 94% risk reduction for preDM
becoming T2DM over 3 years

N EnglJ Med. 2024 Nov 13.

13
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Relative risk

Preventing Diabetes in High-Risk Patients

FASTER waIkin‘é\I‘S\“\\\ -
BETTER for PREVENTION T

6

4

British Journal of §ports Medfcine 2024;88:334-342°

( 6 ) ‘3.73mph 8

Type 2 diabetes risk I

Impact of Prediabetes Remission with Walking

¢ DPPOS (US) and DDPO (China) - 2900+
followed a median of 20 years

¢ Those achieving remission at any point were
51% less likely to experience CV death or HHF
(p <0.0001)

Prediabetes remission and cardiovascular morbidity and mortality: post-hoc analyses from
the Diabetes Prevention Program Outcome study and the DaQing Diabetes Prevention
Outcome study. Lancet Diabetes Endocrinol. 2025 Dec 12:52213-8587(25)00295-5.

What Else Can Patients Do to Lower the
Risk of Developing Diabetes...
but are rarely told by their HCPs?
* Drink coffee
* Breast Feed Longer
¢ Avoid most artificial sweeteners
¢ Consider fasting
¢ Reduce light at night [Amelatonin/sleep quality]

Coffee is Protective

*Multiple studies show that caffeinated and
decaffeinated coffee consumption reduces the risk of
developing type 2 diabetes after all controls

=4

~ T

*Not caused by lowering blood glucose

¢ Chlorogenic acid (CGA) reduces fatty liver disease,
preserves functioning beta cells and activates NrF2 -
the master switch of antioxidant defense

Kolb H, Martin S, Kempf K. Coffee and Lower Risk of Type 2 Diabetes: Arguments for a Causal Relationship. Nutrients. 2021;13(4):
1144, Published 2021 Mar 31. doi:10.3390/nu13041144

‘Kreme d mw’l

¢ 1.5 cups/day lowered risk 54% compared to
those who abstain

* Observational study of 3042 subjects over 10
years — 11% decreased risk per additional cup

* Coffee intake directly associated with lower
serum amyloi
— Reduced inflammation

— Amyloid deposition in pancreas is a known risk
factor for T2DM

Habitual Coffee Drinkers
Get Way Less T2 Diabetes

Eur J Clin Nutr (July 2015). Web. 30 July 2015.

What About Coffee & Diabetic Retinopathy?

©2022 cross-sectional study of 1350 T2DM patients
(KNHANES)

day
* 2+ cups/d was 47% less likely to have any DR and 70%
less likely to have vision-threatening DR (severe NPDR,
PDR, CI-DME) compared to no consumption after all
controls (P for trend 0.025-0.005)

J. Korean Med. Sci.

28, 608-613.
¢ CGA reduced VEGF in a rat model of DR scirep12,3547 (2022)

4 comparators: no coffee , < 1 cup/d, 1 cup/day, > 2 cups/
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Breast Feeding and DM Risk
s\Women who breast feed are 32% less
likely to develop T2DM after all controls
— each additional year reduces risk 9%

Acta Paediatr. 2015 Jul 14.

| Did The Math....

aDrinking 20 or more cups of coffee daily
will lower diabetes risk 95%

aBreast Feeding your child until age 23
will reduce risk of diabetes by 98%

Do
the

+ Math

Artificial Sweeteners Change the Intestinal Microbiome &
Cause Insulln Resistance

Similar Dysbiosis
a =+~ seenfor:

L === »Saccharin
»Sucralose

" »>Aspartame

Cell Metab, 2014 Nov 4: 20(5): 701-703

Practical Tips To Avoid Diabetes

u Exercise 30 minutes each day (soon after waking)

= Eat a predominantly plant based diet including a variety of fruits
and vegetables and more vegetables, including fermented foods

= Minimize processed meats

= Drink coffee or tea

u Sleep > 6 hours per night and < 9 hours
u Get your serum vitamin D > 40 ng/ml

= Don’t smoke

s Live away from smog

= Breast Feed

= Turn down the thermostat

= Reduce Light at Night

FAST

Source: AP Chous

Why Fast?

* T2DM is a PROGRESSIVE Disease

* Maedical-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.

Why Should ODs Care About
Diabetes Prevention?

«Every day, 55 Americans with
diabetes go blind

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

15
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Dire Prediction

« If all ODs do in the diabetes care space is
screen for diabetic retinopathy and refer
patients for Tx when DR gets severe.....

* We will be replaced by Al

Diabetes Education

¢ Today - fewer than 10% of people with
diabetes in the US receive formal diabetes
education services

* ODs can help fill this gap ;iperes care 1ui 2020, 43 7)
1636-1649;

Misconception #6

* Fundus examination and/or imaging is the best
way to predict who will need DR treatment in the
future

* FACT: combining fundus examination with
electrodiagnostic assessment of retinal function
best predicts who will require a retinal
intervention

Even Retina Specialists Routinely Under- and
Over-grade DR Severity on Clinical Exam

30% of eyes under-graded by RS in PANORAMA
compared with Image Reading Center

Structure: Assess Risk: NPDR

Normal or Minimal NPDR
— The patient with a normal retinal examination or with rare
microaneurysms should be re-examined annually,? because
within 1 year 5% to 10% of patients without retinopathy
will develop diabetic retinopathy

— Existing retinopathy will worsen by a similar percentage34>
: eaN 0

Structure: Assess Risk: progres.

Mild to Moderate NPDR without Macular Edema
— Patients with retinal microaneurysms and occasional blot
hemorrhages or hard exudates should be re-examined within 6
to 12 months, because disease progression is somewhat
common??

Follow-up interval decisions are probabilistic based
on structure alone, with a relatively low “pay-off”

— Approximately 16% of patients with mild retinopathy (hard
exudates and microaneurysms only) will progress to
proliferative stages within 4 years'?

2019,

1
2. Klein', Kein BE, Moss SE, Davis MD, DeMets DL
30years.
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Structure: Assess Risk: progress

Mild to Moderate NPDR without Macular Edema

— For patients with mild NPDR, the 4-year incidence of
center-involved macular edema is approximately
12%%2?

— For moderate NPDR, the risk increases to 23% for
patients with either type 1 or 2 diabetes?

Follow-up interval decisions are probabilistic based H
on structure alone, with a relatively low “pay-off”

1
2. eary Ophthaimology. 19919815
Suppl)-766-785.
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Essential Questi

* |s there a more coherent and predictive
way to assess individualized patient risk
for progression to PDR, DME and Need
for Follow-up & Intervention?

YES

Functional Testing Ove

How well do the retinas fi

Standard of care for the nent of
vision loss due to diabetic retinopathy
is high-contrast visual acuity, but
evidence shows it is insufficient

— VAis subjective, unlike our structural |* Color Contrast Testing?

tests * Visual Field Testing?

* Amsler Grid?
* Preferential Hyperacuity Perimetry?
¢ Macular Pigment?

ectroretinogram

What do we DO/NEED?
* Visual Acuity!
¢ Contrast Sensitivity?

— VA only gives us an idea of the
functioning of the fovea

[— VA often shows changes in visual

function late in the disease process

Which test(s) are OBJECTIVE?

ERG GETS WORSE as DR Severi
Function + Structure Correl

MIdNPOR _ | ModeratePOR | SeveenpoR | poR |

\J\J\J‘jé
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B wave i

WHAT IS ERG? A
to retina

A delay in implicit times indi cellular

amplitude indi cells

4/8/26

are dying

stress / abnormal metabolism

Pupillary response is also impaci

Pupil responses are attenuated as diabetic retinopathy gets worse

35 £ NoVTDR 350 VIDR  —4Tds —32Tds

Pupil dia. / mm

4 s

2 3
Time /s

2 3
Time /s

Pupil response to a stimulus can also
be objectively measured in real time

DR Management Fundamentals: Fu

* Electro-diagnostic testing (ffERG) is an OBJECTIVE and
USEFUL complement to ophthalmoscopy/imaging
* ERG is a measure of the function of the retina, the health of
the cells and the risk of disease progression
¢ Electro-diagnostic testing (ffERG), offers a direct & objective
reading of retinal health

-

3

\,‘/ Cardiac’
Y Stress Test

Implicit Time, b-wave amplitude, Pupillary re
levels of retinal illumination, are ALL i

DR assessment protoco)

IMPLICIT TIME (ERG)
How long it takes the retina to

Global DR
Risk Score

AMPLITUDE (ERG)

How strong the signal from tt

PUPIL RESPONSE
Change in pupil diameterdim

PATIENT AGE

A Global DR Score Predicts Who Will Need Tx

% Patients Needing Treatment in 3 Years

N =237in US -
Primary outcome: % - 3.7X
receiving laser, IV therapy ’ More

and/or vitrectomy over 3 yrs ..
Clinically observable SEVERE
NPDR in tandem with

ERG+pupillometry score > -
23.5 best predicted Tx -

Predictive ,x

\

Abormal DR Score > 23.5 Predicts Necessary Tx
Equally Well as Having Severe NPDR

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

Retinal Function and Structure

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

« ffERG+ pupillometryl DR Score > 26.9 single best predictor
—RR =7.2 vs a DR score < 26.9 for all NPDR stages

o .
Restive X Predictor
Risk (RR) of  6X
Progression :X P<0.01 @
From NPDRto  4X S
PDR and/or DME :: p<0.01 k\
—
OCTAFAZ UWF-FA Color
Davis Q, Brigell MG ISCEV 2023 Ares fschemia Fundus Photos
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DIABETIC RETINOPATHY

Why the DR Score matters

Each 1-point change in the DR Score
increases the probability of ocular
intervention over 3 years by 28%

Risk NExponentially

Higher DR Score & change over time dramatically increases risk. % « X
« Risk of intervention doubles with a 3-point H
increase in DR Score (e.g. 20 to 23) | 3

+ Risk of intervention triples with a 4.5-point = 2x
increase in DR Score (e.g. 20 to 24.5) 1

00 Risk of ntpevention

« Risk of intervention increases 5x with a 6.5-
point increase in DR Score (&.g. 20 to 26.5) Bervese DR Secee
« Risk of intervention increases 12x with a 10-
point increase in DR Score (.. 16 to 26)

4/8/26

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
DR score Tass ] oy
| Oper . :
79 234
5% Reference nterval .
_ @826 | ned

" - o s1om e 2on n
Right Eve

Left Eye

Can These Findings Be Reproduced/Validated?

WALy

STRUGEGLING SINGLES ixn YOUR AREA

Validation of Predictive Power of the DR Score

* Sub-analysis of data from TIME-2b Study of a subcutaneous
TIE-2 activator against moderate to severe NPDR (n = 162)
« Of 56 parameters, a DR Score > 26.9 best predicted development
of sight threatening DR (PDR and/or DME) over 48 weeks
¢ Relative Risk: DR Score > 26.9 = 5.6X ( p<0.001 = 79% chance)
2"d best: UWF-FA Ischemia Index > 0.125 = 5.3X
—OCTA FAZ > 0.295 mm? = 3.6X (DR Score =23.5 = 3.7X)
—CFP graded as NPDR severity > 47 (moderate or worse) = 2.1X

DR Score < 20 showed No Risk of progression to STR

Ophthalm Sci article in press, June 17, 2025 accessed at https://www.ophthalmologyscience.
org/article/S2666-9145%2825%2900157-5/fulltext#supplementary-material

Key Point for Clinicians

e Changes in risk can be assessed for

both worsening & improvement over
time — for example:
— Structure: serial image comparison ove
time L
o,

— Function: serial DR i* =Y &js
Score comparison 1 ¥

over time (just like we do ‘ %g ﬁr

with perimetry in glaucoma

%
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o ERG was added to the 2025
Academy of Ophthalmology
PPPs for Dx and Management of DR

”~

MARY TylER MOORE

vision iniTiative

MTM Vision Initiative is using
ERG in developing an improved
DR Grading System

Misconception #7
* Type 1 and Type 2 diabetes are totally

dissimilar diseases ™
* FACTS: .

— 42% of type 1 pts have metabolic syndrome/
insulin resistance

— More than 1/3 of type 2 pts require insulin & all
patients experience progressive beta cell failure

3B. B-Cell-Centric Construct: Egregious Eleven
Targ: T for of Hyp

8. Colon/Biome 7. Brain
TIDM & T2DMshare | _ & 7 ...

multiple, overlapping Ao Supprassants
mmune / i
oyatigmmane < | _metabolic defects | = N\

Inflammation m
=] v v
Anti-inflammatories 2. Lincretin 3. a-cell
Immune modulators effect defect
| incretins

=5 g
\ Pramiintide
—= (nvPERGLYCEMIA ]
L

11. Kidney
SGLT2 inhibitors

T insoun resistance |
6. Liver -

|

- ﬁ iy I
| Yeos i
! ,, S.Muscle |
| & e :
! o

! (o

| Tz

L Amylin T Glucagon

10. stomach/
Small intestine

GLP-1 Agonists
Pramiintide
AGH s

Mettormin
Stanley Schwartz, MD, FACE
Professor Emeritus of Endocrinology
University of i

Diabetes Egregious 11 for
BOTH T1 and T2 Diabetes

The combination of type 1 diabetes +
type 2 diabetes is believed to affect

Double 25% initially Dx with type 1 disease
Dlabetes = Cardiovasc Diabetol. 2024 Feb 10;23(1):62.

Double the

Fun? s B-CELL FAILURE

—-I!h-

GLUCOTOXICITY -
LIPOTOXICITY -

40-50% of beta cells are non- | ewon mstress [
functional AT Dx of type 2 MITOCHONDRIAL DYSFUNCTION - GENETIC BACKGROUND
diabetes; 5% additional bl g

ISLET INFLAMMATION

beta cell LOSS occurs each

subsequent year
J Diabetes Investig. 2021 Sep;12(9):1526-1539.

seer amviow pouveeptioe A

Misconception #8: That’s Just the Way It Is

* Given the epidemic of diabetes, DR/DME must
necessarily remain the leading cause of
irreversible vision loss in working-age Americans

* FACT: DR/DME was similarly the leading cause of
irreversible vision loss in the UK as recently as a
decade ago - IT NO LONGER IS

NHS Diabetic Retinal Disease Screening Programme

¢ Annual, largely undilated photographic
screening is conducted on 2+ million/year

— Images captured by optometrists or trained
photographerss = analyzed by certified readers

* Rates of legal blindness due to DR/DME were
reduced from 4K/year to 1K/year by 2016

Acta Diabetol. 2017 Jun;546):515-525.
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Telescreening Programs for DR

* Diabetic retinal disease is no longer the leading
cause of new-onset blindness for working-age
adults in the UK

e Al will likely result in even better outcomes and
reduce health care disparities

Liew. G, Michaelides. M, Bunce. C; A comparison of the causes of blindness certifications in
England and Wales in working age adults (16 to 64 years), 1999 to 2000 with 2009 to 2010. BMJ

Open 2014, 12 February 2014
Jacoba CMP, Doan D, Salongcay RP, Aquino LAC, et al.. Performance of Automated Machine Learning for

Diabetic Retinopathy Image Classification from Multi-field Handheld Retinal Images. Ophthalmol Retina.
2023 Aug;7(8):703-712.

Potential Limitations of Retinal Imaging
in Telescreening Programs

* 88%/86% sensitivity/specificity for two-field
imaging = assume 10% of STR will be missed

* Poorimage rate =3.7%

¢ 10-12% of eyes have worse DR severity using
ultrawide-field imaging (DRCR Protocol AA)
compared to SSFP imaging used in ETDRS

Scanlon PH, Malhotra R, Greenwood RH, et al. Comparison of two reference standards in validating
two field mydriatic digital photography as a method of screening for diabetic retinopathy. BrJ
Ophthalmol. 2003;87:1258-1263

How to do it Wrong: the US

* DR/DME remain the leading causes of new-onset vision
loss in adults of working age

¢ Black race was recently identified as an independent risk
factor fo DME (HR = 1.4X) - this is equivalent to a 3-unit
higher HbA1c value

Yu AJ, Masalkhi M, Brown R, Chen B, Chhablani J. Racial and Ethnic Distribution in Diabetic Macular Edema
Clinical Trials in the United States (2002-2021). Ophthalmol Retina. 2023 Dec;7(12):1035-1041.

* Relying on PCP-referral & patient self-referral for
eye care in diabetes has a 50-year history of failure

Risk Factors for DME from SOURCE

e 47K US adults with diabetes and no DME
prospecively analyzed for DME over 9+/- 2 yrs (Sight
Outcomes Research Collaborative aka SOURCE)

* DR severity was biggest risk (3.7X for NPDR/5.2X
for PDR), followed by Black race (HR = 1.4),
followed by averaged HbA1c (RR 1.15/unit
increase) and SBP (RR 1.06 per 10 mmHg increase)

¢ dyslipidemia, diabetes subtype, BMI, smoking
were not significant

Black race was equivalent to having a 3-point higher HbA1c!!
Ophthalmology Science,, 2024

Misconception #9: LTFU

¢ The patients | refer to the retinal specialist receive
care & have good outcomes

¢ FACTS: 25-50% of DR/DME patients referred to
retinology don’t make the initial consult and even
more are lost-to-follow-up

¢ 50% of DME Tx with anti-VEGF have suboptimal
VA outcomes

F1000Res. 2016 May 27;5:F1000 Faculty
Rev-1019. DRCR Protocol |

Why some people with DR/DME are Lost to Follow-up (LTFU)

oA study from San Francisco looked at risk for non-
compliance with DR/DME follow-up

©209 patients mean age 58yo w Alc 8.5

*46% of patients attended <80% of f/u

®Risk factors for missing f/u:
*Foot involvement OR 2.4
*Foot/kidney OR 3.7
*Major depressive disorder OR 2.1
eMediCal or SF Health insurance. OR 5.01/6.79

Chen et al. Compliance with DR f/u. Ophthal. Epidemiol. 8/18.
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Lost-to-Follow-up (LTFU)

« Lost to follow-up (LTFU)/Follow-up non-attendance (FUNA)
«  25% of anti-VEGF treated DME patients did not return for f/u within

first year

« 25%-50% of PDR patients did not return for F/U within 1-2 years

* >Anti-VEGF PDR patients were 10X more likely to develop TRD

« Highest risk if younger, lower SES, Black/Latino/Native American,

worse VA after Tx, DKD, lower extremity amputation

« Surveyed LTFU/FUNA cited 3 unmet needs that would have helped

with follow-up:
« Connection with others having the same Dx
+ More disease-specific education

« Transportation to appointments

amzoay oot

Visual Outcomes in LTFU & PDR

¢ Patients LTFU > 1 year (mean 679 days) in the
Academy of Ophth IRIS Registry (2673 eyes
followed 2013-2018)

¢ Anti-VEGF vs PRP 2X more likely to have
BCVA < 20/200 one year later
— LTFU in > 70% of pts getting PRP
— LTFU in > 33% of pts getting anti-VEGF

Ophthalmol Retina. 2025 Jun 3:52468-6530(25)00270-2. doi: 10.1016/j.0ret.2025.05.033. Epub ahead of print.

Why PRP results in better VA Outcomes despite
HIGHER LTFU

Lasered retina

Is “dead” retina

& no longer requires
oxygen/nutrients)

Our Greatest Challenge World Wide

[ Timing of presentation for eye examination ]

« The DR Barometer Study is a quantitative study across 41 countries investigating issues surrounding
diabetic eye disease in specific countries and on a regional and global scale
« Survey comprised 4,340 patients with diabetes and 2329 healthcare professionals

dspe o Cavan O, et . Disbtes R Cln Pract 017:120:16.24.

Conclusions
Alcis NOT an average, nor do ‘good’ contemporaneous values
protect patients from STR
Hypoglycemia likely contributes to worsening DR

Multiple strategies exist for preventing NPDR from worsening
to sight-threatening disease

Diabetes onset is not simply a matter of poor lifestyle choices
Evaluating retinal structure & function is most predictive for
who will require a retinal intervention like laser or injections
Diabetic retinal disease need not be the leading cause of new-
onset blindness in working-age Americans

the
flapdoodle

@ noun (flap-dood-]

dr_chous@diabeticeyes.com

nonsense; bosh.
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