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Vitamin D
Non-provitamin A Carotenoids

A Honorable Mention: vitamin B12, delta-
tocotrienol, vitamin C, Irvingia gabonensis,
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We can use nutritional supplements
To Bite the Hands that Feed
Diabetic Retinopathy

Diabetic Retinopathy
BRB Breakdown
Hypoxia/Neovascularization

Mechanisms?
A Z normalizes oxidative stress and prevents

Non-provitamin A Carotenoids

w"“ , diabetes-induced increases in VEGF and ICAM-1 in
4 animal models

A Zeaxanthin \ //jﬁ A L prevents increased ROS/NF-kB and increases the
&

A Lutein

neuroprotective cytokine BDNF in animals

A Land Z restore protective cytokines (AMPK),
mitochondrial antioxidant defense (MnSOD) and

A Highest serum ratio of non-PVA: PVA nuclear transcription factors (FOXO3a) in animal

carotenoids associated with a 66% lower i1l .
A Lycopene reduces serum oxidative markers and

risk of DR in pts with T2DM - - ;
O HEE BT v ACE levels in DM animals and lowers BP in humans

AlLycopene

Exp Biol Med 2011 Sep 1;236(9):1051-63. J Renin Angiotensin Aldosterone Syst. 2012 May 15.

nvest Ophthalmol Vis Sci 2008 Apr;49(4):1645-51. Diabetologia 2010 May;53(5):971-9
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Diabetic Retinopathy
BRB Breakdown/Hypoxia
Neovascularization

Mean MPOD within 2° of Fovea
ANon-diabetic: 0.29 DU

ADiabetes sans retinopathy: 0.22 DU
ADiabetes with mild NPDR: 0.14 DU

# LimaVC, RosenRB. Invest Ophthalmol
7 Vis Sci 2010 Nov;51(11):5840-5.

Suggested Dosage in DM/DR

A 2-10 mg zeaxanthin
A 4-10 mg lutein
A Check MPOD in pts with diabetes!

A 20 mg lycopene (5 tomatoes or 1/4 C
tomato paste)
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Diabetes and DR are Associated
with Low Macular Pigment

AMPOD is lower in T2DM than age-
matched controls

AMPOD is lower in pts with DR than in DM
pts without DR

A As HbAlc goes up, MPOD goes down

A L/Z supplementation increased MPOD and
improved VA ,contrast and foveal
thickness in NPDR patients

Invest Ophthalmol Vis Sci 2010 Nov;51(11):5840-5.
Int J Ophthalmol 2011;4(3):303-6.

DM and PDR are significantly
associated with low serum levels
of lycopene
Lycopene levels are inversely
associated with glycohemoglobin

Eur J Ophthalmol. 2010 Jul-Aug;20(4):719-23

Lycopene reduces TNF-a
in diabetic animals

Eur J Pain 2008 Jul;12(5):624-32

Vitamin D

A Vitamin D deficiency and insufficiency are
associated with diabetes and retinopathy
in both TLDM and T2DM

A Retinopathy severity is associated with
worsening serum vitamin D status in
T2DM

Endocr Prac t 2012 Mar-Apr;18(2):185-93

Diabetes Care 2011 Jun;34(6):1400-2
Clin Biochem 2000 Feb;33(1):47-51


http://www.ncbi.nlm.nih.gov/pubmed/22553667
http://www.ncbi.nlm.nih.gov/pubmed/21940279

Valdivielso J M etal. Am J Physiol Renal
Physiol 2009;297:F1502-F1509
= Dohydrocholostero

Vitamin D Has Pleitropic

Effects on: AW solar UVB radiation

Ammune response
Ansulin production
Avascular endothelium
Angiogenesis

Arumor cell proliferation
Aisceral fat

Diabetes
Pathobiology

Diabetic Retinopathy
BRB Breakdown/Hypoxia
Neovascularization

Confirmation in youth with T1DM

517 Australian pts (8-20 yo) with TIDM

VDD associated with DR prevalence but
not DKD nor DN

A 18% prevalence for 25(OH)-vit D < 20ng/ml
A 9% prevalence for 25(OH)-vit D > 20ng/ml

VDD more predictive of DR than duration
or HbA1c!

AHR 2.13vs 1.13 and 1.24

Diabetes Care. 2011 Jun;34(6):1400-2.

Mechanisms?

A Upregulates nuclear transcription factors
(MAPK phosphatase-1) to decrease pro-
inflammatory cytokines (TNF-a, IL-6)

A Downregulates NFKB responsible for
endothelial dysfunction

A Potent inhibitor of retinal neovascularization
independent of VEGF

A Inhibits foam cell formation in T2DM
Jimmunol 2012 Mar 1;188(5):2127-35

Hypertension 2011 Jan;57(1):63-9
IOVS 2007 May;48(5):2327-34
Circulation 2009;120(8): 687-98

Vitamin D and Retinopathy in T2DM

Mean Serum 25-OH vitamin D (g/ml

DM  (n=123) 22.9
No DM (n=9s) 30.3

DM without DR 23.2
DM with NPDR 215
DM with PDR 18.0

44% of pts taking a multivitamin were vit D insufficient
83% of pts not taking a multivitamin were insufficient

Endocr Pract. 2012 Mar-Apr;18(2):185-93.

Vitamin D Summary

Reasonably good evidence for benefit

Associations, positive or negative, do not
establish causality

Most experts agree that 2000 |U vitamin
D3/day is safe and that serum 25-OH D >
50 ng/ml is preferable

2009 Vitamin D Cosensus Panel
Univ of Toronto Schhol of Medicine
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Curcumin

A Polyphenolic spice derived from rhizomes
of the turmeric plant i staple of East
Indian diet

A Antioxidant, anti-inflammatory, anti-tumor
effects

ADR rates in India are less than in Western
Countries (18% V. 24%-47%)

A High dose curcumin prevents DR in rats
(1g/kg weight)

Invest Ophthalmol Vis Sci. 2005 Jul;46(7):2328-33
Ophthalmology 2009 Feb;116(2):311-8.
J Ocul Pharmacol Ther 2011 Apr;27(2):123-30

Mechanisms?

A Inhibits hepatic glucose production

A Inhibits ROS, IL-1, PKC, TNF-a, NFkB &
VEGF

A Blocks production of islet cell amyloid
Allmproves cellular clearance of AGEs

A Lowers TGF-B (capillary BM thickening) in
patients with DKD

Diabetes Res Clin Pract. 2008 May;80(2):185-91
Nutr Metab 2007 Apr 16;4:8
Arch Pharm Res. 2004 Jul;27(7):683-92
Biochem Biophys Res Commun. 2007 Sep 21;361(2):528-32

Biochem Biophys Res Commun. 2012 Jun 15;422(4):551-5
Lab Invest. 2012 Jun;92(6):827-41
Scand J Urol Nephrol. 2011 Nov;45(5):365-70

Effects of curcumin on (mouse) retinal
oxidative stress and inflammation in diabetes.

Retinal Oxidative Stress Retinal VEGF

Kowluru RA, Kanwar M, Nutr Metab 2007 Apr 16;4:8.
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Lancet 2010;376:124-36

India
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Diabetic Retinopathy
BRB Breakdown
Hypoxia/Neovascularization

Turmeric extract
is typically 2-5%
curcumin or
curcuminoids

Poor Bioavailability - Piperine, nanoparticles, liposomal

oor absorption attachment, phospholipid complex

ARapid metabolism

ARRapid systemic == Synthetic analogs
elimination




Suggested Dose

A Learn to love Indian cuisine! vy 2g wrmericid)

A Saute vegetables with 1.5 TBSP turmeric
powder cooked in a healthy (macadamia
nut) oil for 200 mg dose of curcumin

A Cooking with black pepper improves
bioavailability of curcumin

Planta Med. 1998 May,64(4):353-6

USP 28 specifies

content

A65-75% procyanidins
composed of catechin
and epicatechin
subunits

A25-35% polyphenolic
monomers

Why Might Pycnogenol Benefit
Patients with Diabetes mellitus?

Pycnogenol blocks the digestive enzyme
alpha-glucosidase (iabetesres clin Pract. 2007 Jul;77(1):41-6)
Pycnogenol decreases lipid peroxidation,
ROS, NFkB and apoptosis caused by chronic

hyperglycemia @ ehnopharmacol. 2011 Jan 27;133(2):261-77); Food
Chem Toxicol. 2011 Sep;49(9):2196-201)

Pycnogenol inhibits COX-1 & COX-2, ACE,
augments eNOS to lower BP ioterepiazono oc

PyC nogen ol inhibits MMP (Cardiovasc Toxicol. 2007;7(1):10-8;

Inflamm. 2006 Jan 27;3:1)

EGCG contentinhibits VEG tnt 3 cancer. 2006 Apr 1;118(7):1635-44)

Pycnogenol

A Patented extract of French Maritime Pine
bark (Pinus pinaster)

A More than 30 RCCTs showing
improvement of various medical entities

A4 RCCTs show improved blood glucose
and BP in patients with DM or Metabolic
Syndrome

RCCTs showing benefit for:

A LDL-C/HDL-C
A Blood Pressure

A Kidne_y_ Function A Chemotherapy Nausea
A Cognition

A Erectile Dysfunction A Lupus
A Tinnitus A ADHD
A Periodontitis A Retinal blood flow

A Allergic Rhinitis A Elevated IOP

A Childhood Asthma A JetLag Symptoms

A Osteoarthritis A Low S F—

A Chronic Venous OYV perm_ oun o
Insufficiency A Skin Hydration/Elasticity

A Dysmenorrhea A Endothelial Dysfunction

A Diabetes/Dysglycemia

A Pregnancy Pain
A Hemorrhoids

A Muscle cramping

Pyc|
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Diabetic Retinopathy
BRB Breakdown
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What is the Evidence for Benefit in DM?

ARCCT (n = 77) of T2DM

A100 mg Pycnogenol x 12 wks lowered HbA1c
0.6% and serum endothelin-1 by 50% (p < .01)

(Life Sci 2004;75(21):2505-13)

ARCCT (n = 48) of T2DM with HTN

A125 mg x 12 wks reduced HbA1c 0.8% (p <
.05), FBS by 24 mg/d| (p <.0001) and LDL-C by
12.7 mg/dl (p <.001)

A58% of pts were able to halve their ACEl dose
and achieve target BP (wutr Res 2008:28(5):315-2)

Improvements in Blo r, Pressure and Lipids

Diabetic Retinopathy
Analysis of 5 clinical trials (n = 1289) of
varied quality (2 double blind RCCTSs)
A Pycnogenol retards progression of DR
A Largest cohort (n=1169) was a multi-center field study
Int Ophthalmol 2001;24(3):161-71
RCCT of pts with mild-moderate DME without
macular hemorrhage or exudate (n= 46)
A 125 mg Pycnogenol PO x 90 days versus placebo
A Retinal edema significantly lessened via dilated
funduscopy and high-resolution ultrasound
A 25% increased blood flow through the CRA via laser
Doppler imaging

A Snellen VA improved from 14/20 to 17/20
JOcu Pharmacol Ther. 2009;25(6):537-40

7/31/2012

DM Evidence - Wound Healing

Wound healing was evaluated in 120 patients
with diabetes-related lower limb ulceration

4 groups: standard ulcer meds; add topical
Pyc, add topical + oral Pyc, add oral Pyc

Ulcerated area and symptom scores
improved significantlymore in all
Pycnogenol groups compared to control

At 6 weeks, 89% showed complete healingin
the combination group compared with 61%
of controls

Clin Appl Thromb Hemost 2006;12(3):318-23

Case Report

43 yo man with T2DM x 9 years
Last HbAlc = 7.4% (mean glucose = 186 mg/dl)

Moderate NPDR OU with some new hard
exudate 950 microns from the fovea OD and
DME confirmed by OCT

BP = 137/75 in my office

Meds: metformin, sitagliptin, simvistatin,
candesartan, ASA

Recommended 125 mg Pycnogenol QD
combined with 150 mg benfotiamine TID

F/U x 4 months

Patient returnsin 6 months
Used Pycnogenol only

Reports improved blood sugar control
BP measures 132/70

In-office HbAlc (A1cNOW, Bayer Health
Care) measures 6.7% (mean BG = 162)

DFE shows reduced hard exudate
OCT shows reduced retinal thickening




OCT at initial visit

Pycnogenol 125mg/d x 4 mos

W hich Pts with DM Should
Consider Pycnogenol?

HbA1c > 7.8% (pts with high CV risk)

HbA1c > 6.5% (all others with DM)

Pts with periodontitis, ED, CVI, sub-optimal
BP, foot ulcers

Pts with microalbuminuria (30-299 mg albumin/G
creatinine)

Pts with NPDR and/or DME and/or POAG
Pts with prediabetes and/or interested in
prevention

Suggested Dose for DR: 100-125 mg QD
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Adverse Effects

Transient stomach upset (rare)

Flatulence (common with Rx starch blocking
agents; uncommon with Pycnogenol)

Anti-coagulant effects (warfarin)
Potential hypoglycemiain pts on
insulin
Mightincrease CV events in hi-risk
T2DM pts (ACCORD)

Benfotiamine

A Lipophilic analog of thiamine (vitamin B1)

A Used to treat diabetic peripheral poly-
neuropathy in Europe for 3 decades

AReduces the harmful, intermediary
glucose metabolites F-6-P and G-3-P by
elevating transketolase-dependent
catabolism via the pentose phosphate
shunt







