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The natural history of vision
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Pan paniscus, (bonobos) in the DRC

Image: Wildlife
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Other primates

Mountain gorilla (Gorilla beringei beringi)

Image: African
Wildlife Foundation



Short-wave
dominant sky

Mid-wave
dominant
vegetation

Other primates

Image: World
Wildlife Fund



Chromatic aberration

Chromatic aberration

Extreme ends of the visible
spectrum are more than 1
diopter out of focus

Image: Wikipedia
Commons



Distance vision
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Motion cues

Image: Harvard University
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World Population, 10,000 BCE - 2000 CE
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The pandemic of myopia

Myopia (%)

Incidence of Myopia in the USA (12-54 yrs)

1908 1971-72 1999-2004

Vitale et al., 2009
Arch. Ophthalmol



Sight distance extremely limited

Smoke caused massive haze
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PUBLIC HEALTH

Why Up to 90% of Asian Schoolchildren Are
Nearsighted

Researchers say the culprit is academic ambition: spending too much time studying indoors
and not enough hours in bright sunlight is ruining kids' eyesight

By Alice Park 3 May 07 201 2 Comments

EERN woiweet 3z 349 5 e s Puaue Read Later

Scientists say an epidemic of myopia, or
nearsightedness, is sweeping through Asian children,
and is likely due to students’ spending too much time
mdoors studying and not enough time outside in the
sunlight.

It has long been thought that nearsightedness is
mo St]\' a ])eredltal‘.’ prob]-:—m. bllt researchers Ied b\'
Ian Morgan of Anstralian National University say the

data suggest that environment has a lot more to do

with it
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Myopia Is, In part, an example
of a mismatch between
ifestyle and biology.

What about other lifestyle factors
and disease?



Nutrition Is linked to the concept
of food. What Is a food?
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Bioavallablility: Vitamin C
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Eberhardt, M. V., Lee, C. Y., & Liu, R. H. (2000). Nutrition: Antioxidant activity of fresh apples.
Nature, 405(6789), 903-904.



WHAT'S IN A FRESH WHOLE CLEAN APPLE?

(FROM "Handbook of Phytochemical Constituents of Generally Regarded as Safe (GRAS) Herbs™)

ANMONIA (NIE1) 238 1409 §7 1)
AMTCDALIN €.000-1 1300 5O
AMYLACETATE

AMYL BUTYXATE

AMYL FROPIONATE
ANTINT 17 08 (FK) AP
ANILINE 13 FR NAY
Bt
ARCINING N7 PR US4
ARSINIC 300088.0 40 R AAS L9G
ASCORNIC ACID 20402 FR USA.
ANCENOASH

ASH 2 30-£.000 PR LG
ASTARAGINE 171 MR
APARTICACIO 250 2115 7R USA
A PRNAF
BASILME 22 A0 PR U

2 ERRNZOCTNEN
BINTYLACHTATE
BONIYUAMINT 06 €7 (R NTA
BENZYLAMINE 2338 FX NAP
nOT™

BOSION 1158 PR AAS BOS U5C
BROMINT <1 MRAAS

CAFIRT
CAPFEICACID 951,20 IR CROPSN)
CALCIIML 4% ( LIN) 1 AAS LSG
CALCUMOXALATE

OTRAMALCACD
COBALT 0 (80 00 T AAS LSC
COMTIX 0064 PR AAS UNG
COUMARY ACIO

LAEPICATECNEN ¥ NAT
A BPONY AT -ANDS,

SOUNTRO
BETACAROTENE-L, 10 D00 20,000 £ (1)) NAY

ESTRAGOLE TR LN PHLORETIN XYLOCUUCOSIDR FX NAZ
ESTRONY €30 1) SONAP LRUCNE 1000 1 NROKIIN CLYCOSURX
FTHANOL LINOUENIC-ACHD 04,481 PHOMATENY LICACD 34
TNV ACETATY ALFHA LENOLENIC ACTD 180156 1% PHOSTIATIOVLCNOUINT 108 254 110
ETHYLAMING 3 PR NAP LITIaus €063 172 PR USG "
EDOLMTYRAATY LUTEN @69 SNIAST 48 PHOSPHATIDVLGLYCEROL A 37 ¥R
ETHYLCAPROATE L FRNAT IVOSPHATIDNL INORTOL -8 1R
LYRNE 22 IR EVOSOMATIOVLSERENY & 9%
ETHYL-DECENOATE AAS USA USG L0 5%
e LAALYC PHVTOSTIROLS 120748 PR USA
ETHYLAENANDATY MALVIDN-MONOGL YCOSIDE
EIHVLOCMUIYIRATE MANGANESE 029 IX AAS USC. FOLYGALACTOSYL DICL yCrams
FTHYLMET MANNOS POLYGALACTURON.
NONANOATY MEACUKY 000011 002 TR AAS L VPHANOLASYH
AN LOCTANOATE MITHANGL POMOLIC ACD L SC
ETHYLPINTANCATE MXTHIONNE 004 BC
ATE METHYLACETATE FOTASSIUM LTI 10,000 174000 IR AAS USC
1 METHYL 2 XS ACETOXY-201TA PROCY) Nar
FTHYL-VALERIANATS HIDROXY.URSONATE £y PROUNS
FARNESONE 0F PR NAP A5 WP NAY PROPANOL
FAT AJUAM200 'R IS FED FVETHYLSUT-ZEN LAL M SAr FIROPANCE.
FAT 10,000 23,000 4O AMITHYL SUT-EN-1OL TR NAP NIEOFANOL
TRRULICACED 443 P8 CRCURN) DIAMENAVUMWTANLOL BROCANOL
FiNxs 131,000 )2 R0 IAMITHVIUTAN 2OL ~ACD
04040 93 USA ul PROFYLACKTATE
FLUCRINE «013-3 1 FE AAS ACAFROATE
FOLACINC0 82 IR USA FMETHYL L3 NPORY-PENTANT ¥R NAS FROCYL SONMATE
TONAP PROPYL
FRUCTOSE 5013040 0 IX. PROFVL N FENTANCATY
FUMARIC-ACID NETHYLCUANIDINE S NAY
CALACTANASE N 2ONY PR NAY PROTHIN LA 12000 M 10
GALACTARK ACTD MITHYLAMEXANOATY PROTOCA NAY
L) NANEDOLEETA IV EINETHYLAVENS | 39K NAP PUFA L0450 X
CERANIOL METHYLFROCIONATE FYRKOUDONE 13 0 NAP
D@L METHYLIMETIVL SUTYRATS RO
CACOCI RSO0 Mdy METHYL 1 PENTANCATE RUVCACD
O GEUCoNIC ACD IAETHYLIENTAN 2O QUERCETIN %243 FC PAM
GLUCOSE 17,206 W30 PR AMINE 1.3 E3
CLUTAMIC-ACED 1% 1,344 1R NAETHYLSHINETMYLAMINE 12 FNAP CUENCITNS O ALMA-
GLUTAMINE 0 GAVVA AZAMNOMRANCRDE 71 19G
CLYCERC ACED AMITHYL FROPEN-L-AL PR NAF =
CLYONE w049 METHYL VYL KITONE 1R NAS CALACTOSENE (%) NAP
@ MIVALONIC ACID 3036 X JOMTAD MG
(=3 MOLYBROENUM 3 077 0.4) IR LiC Q
CUANIDINE SH NAF YORRIDE 120 QUERCETNNGO BILANNCSDE I'L I5G
GUANIDINGACETIC-ACID SH NAP % Q
‘ BINAr MUZA 150439 IR USA Q AR NAT
ML =l CUERCITIN ' NAS
CANM, MYRETICACO 2014 1% LQUINICACD
SACTD SMNAY SEVNOUTIUN #X NAF
MENSCKLLALONE NEAANTIEN NAr ARCFLAVING '
MEPFTACOSANE NIACN L AUBEDOUM 02730 FX AAS
NPT NICAEL € 0040 648 FR AAS USG UTEN TR £10950) Nar
HEFTENOIC ACD NITROGEN 304000 10 AAS SHLENTUM € 0000856 (0043 1Y LS
2 HEFTANOL NONACOSANE SEADNR R-07 FRUSA.
NOFTANCL D LNONACOANOL A MOIAN PR USA
NHEXA ENaOL NNONANOIC ACTD SERMIC ACTY
CEN X BN O N NONANOL-INONANOL SUCON 170 9% AAY
TRANSNIEX 24N 1O NONENOI ACD SLVER 00910 0% IR UG
THANS NHEXO AN 1O lm'l“
SOOUM 0100 IR USC.
NAHEANOU mnwm oL nom g
THIEANOIC ACD OCTA TRANS-3CIS-S-ORN 40U STEARC ACTD 70005 1
' ot.'mc»aumwuaun FONAF STRONTIUM 0 35544 PR USC.
HEXANOL
FHEXINAL nocr "
TRANS-2. NOCTANCLIOCTANGL SUCAK 6010 Lo 00 18
FEXYLACETATY OCTINOIC ACD SULIUR 1450 1% USG
HRXYLBUTYRA FOCTVLACITATY TRIRADOCENYL-ACETATE L NAP
HEXYLFORMATE CLBCACD 10471 3R ACETATE LF NAF
ONALKGACD THIAMN 32 P FLD
ANOATE CONALOACETICACID "
N HEXYLIROMONATE ALFYA TITANIUM 00883 VR LG
HISTIDONE 36-100 #X FALMTICACD 802 8 FR T IRIOT USA
PUYDRONYRMINZONC-ACID PN NAF FALMITOLINACID 3042 IR ANOL
HODRONYCINNAMUCACTD | 340 PR FANTOTHENIC ACED L4 ¥X USA TRCLYOIROL 600
o PRCTASE 1435
PECTIN L 400044300 1% USA. MCYCLO (2,200 HIFTANE PR NAY
nm«onn TEVTTOPHAN 2604 1
FLSG NPENTANONKC-ACID TYROSENE 0245 FR.
Wﬂ.x FPENTANOKC-ACD LRONIC-ACTD 7140 1K
FENTANOL U EPTR NS
mnw INTANCL VALINE %0 PR
DAEN 2PENTANCL VTMam
INDOLE S ACETIC ACD ML PAS SFINTANCU VOMTOLIOL4 O MTA B
NORTOL N FENTENGIC ACD A
Ko NPENTYLAMING 03 JR NAF FENAP
TRON L1320 PR AAS USA UG FENTYLBUTYSATE WATER N8 000 M0 K U
EOAMYLSUITYRATE T
BOAMYLROMONATY NFENTYVLIORMATE INCON IR AAS USC
ATE TPENTYLSOSMATE ZRCONTUM 0226 5 IR USA
BOSUTYL BUTVEATE FENTYLMLANCATY
WOMUTYLAORMATE NTENTYLI METHYLIUTYRATE My entroes derved froes MaSere
BOCHLOROCENIC ACTD ML PAS AFENTYL ) DENTANOATE AASACTA ACIC SCAND SO
BOCITRICAGD NPENTYLOCT, 1 22T HO0-Se% MDY 14X ALY
HOLNLCINE 3040 IR FYRONDASE
ATE
BOQUINCITIIN ¥R NAP THENOCCS 1 ¥on), 900
FASMONIC-ATID 72 THENYLALANING 3031) F5
BILOCALORMS 2,639 2 PR PHUORETAMEDE FRONAS
LACTIC ACTD THLORKTIN U
LAVKIC-ACTD 1043 13 PMROMETNC4 MTAD

CLUCORYRANOSUR 6.4 1R NAZ




|deal diet?

Bolivian forager-horticulturalists: Tsimane

Diet:

freshwater fish
hunted game
Plantains
Rice
Manioc (yuca)
fruit

Martin et al. Maternal & Child Nutrition 2012;8:404-418
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Mexico: The Casales family of Cuernavaca.
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18:1n-9

18:2n-6
20:3n-6
20:4n-6
22:5n-6

18:3n-3
20:4n-3
20:5n-3
22:5n-3
22:6n-3

Tsimane
27.5+4.56

10.2+4.56

0.47+0.12

1.06+0.33
0.21+0.07

1.90+0.84
0.25+0.18
0.20+0.12
0.40+0.14
0.69+0.26

The lasting impact of diet on biology

US
30.2+3.44

18.9+5.10
0.33+0.88
0.55+0.09
0.05+0.03

1.58+0.65
0.06+0.03
0.06+0.04
0.14+0.04
0.16+0.26

Canada
34.6

13.2
0.38
0.42
0.05

1.51
0.05
0.08
0.14
0.27

All C 20 & 22 n-6 & n-3 high, DHA is not the only variable |
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'Bad luck' mutations increase cancer
risk more than behavior, study says
By 1S;Uzan~usiuit::c?g' Thu March 23, 2017 B c 0 O @




The breast cancer risks for women in the study born after 1940 were
significantly higher for those born in the same families before 1940.
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Science 302, 643-646 (October 24, 2003).



Cancer is a disease of the Western Lifestyle
Male Fernale
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Breast cancer rates
among Chinese
women who moved
to San Francisco
compared to
Chinese women who
stayed in China

Breast cancer/ 100,000

San Francisco

B shanghai
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Waterhouse, Muir, et al., 2003




Many other diseases seem to
be linked to Western lifestyle,
rather like myopia.

At least we can treat myopia.
What about AMD? Alzheimer’s
disease?



Retina is one of the most metabolically
active tissues in the body
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e.g., Cohen & Noell, 1965; Anderson & Satlzman, 1964; Ames, 1992.
Images: Azzopardi & Petkov, 2011; Michalewska et al, 2013



Retina is one of the most neurologically
dense tissues In the body
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Optic nerve: 1,200,000 fibers.
Next most dense cranial nerve: 140,000 fibers (sensory root of trigeminal nerve)
2500 mm? area, 120 microns thick - 148.2 million receptors and ganglia

Image © Leung and Snodderly, 2006



Dowling was right
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Viewing the CNS

Image: Cho et al, 2014



Retinal change as a predictor
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Predicting the Outcome of Optic Neuritis

P. Nilsson MD, E_-M. Larsson MD, PhD, P. Maly-Sundgren MD, PhD, R. Perfekt PhO, Magnhild
Sandberg-Wollheim MD, PhD

Abstract
Background

Multiple sclerosis (MS) is a commeon disease with considerable risk for dizability. Optic neuritis (ON)
is a common first symptom of MS but it can also remain an isolated episode. Therefore, predicting
the outcome of ON has gained in importance, particularly in light of current discussions of early
disease modifying treatments in individuals at risk of developing MS. \We reported previously on our
cohort of 86 patients with acute monosymptomatic unilateral ON of whom 33 had progressed to MS
after up to 18 years. Three patients had died. The present study extends the observation period to
31 years.



Retinal change as a predictor

Journal of Alzheimer's Disease 24 (2011) 615-631 (5]
DX 10.3233/AD-201 1- 101908

IOS Press

Review

Age-Related Macular Degeneration (AMD):
Alzheimer’s Disease in the Eye?

Kai Kaamiranta®™*, Antero Salminen®“, Annakaisa Haapasalo®¢, Hilkka Soininen®*

and Mikko Hilunen®+*

*Department of Ophthalmology, Institute of Clinical Medicine, University of Eastern Finland, Kuopio, Finland
bDrpm"rmﬂrr of Ophthalmology, Kuopio University Hospital, Kuopio, Finland

 Deparmment of Neurology, Institute of Clinical Medicine, University of Eastern Finland, Kuopio, Finland
dDepamnfnr of Neurology, Kuopio University Hospital, Kuopio, Finland

Accepted 4 Tanuary 2011

Abstract. Age-related macular degeneration { AMD) is a late-onset, neurodegenerative retinal disease that shares several clinical
and pathological features with Alzheimer’s disease (AD). including stress stimuli such as oxidative stress and inflammation.
In both diseases, the detrimental intra- and extracellular deposits have many similarities. Aging, hypercholesterolaemia, hyper-
tension, obesity, arteriosclerosis, and smoking are risk factors w develop AMD and AD. Cellular aging processes have similar
organelle and signaling association in the retina and brain tissues. However, it seems that these diseases have a different genetic
background. In this review, differences and similarities of AMD and AD are thoroughly discussed.

Keywords: Age-related macular degeneration (AMD), aggregation, aging, Alzheimer's disease, autophagy, lysosome, oxidative
siress, profeasome

Similarities:

Clinical pathological features
 Oxidative stress
* Inflammation

Molecular similarities between
deposits
» Drusen and amyloid plaques

Decreased capacity to degrade
damaged cellular proteins

Genetic risk factors
- APOE
« Complement factors

Lifestyle risk factors




For age-related retinal and brain
diseases, prevention is key

Retina. 2015 Mar;33(3):459-66. doi: 10.1097/1AE.0000000000000338.

Metabolic syndrome and risk of age-related macular degeneration.
Maralani HG', Tai BC, Wong TY, Tai ES, Li J, Wang JJ, Mitchell P.

# Author infermation

Abstract
PURPOSE: To investigate the relationship between metabolic syndrome (MetS) and its compenents with the risk of early- and late-stage age-related
macular degeneration (AMD).

METHC  Biomed Res Int. 2014:2014:413150. doi: 10.1155/2014/413150. Epub 2014 Jul 3.

E::e?. Nutritional risk factors for age-related macular degeneration.

regress Ersoy L', Ristau T', Lechanteur YT2 Hahn M® Hoyng CB? Kirchhof B, den Hollander AI®, Fauser S'.

RESUL & Author information

than or
triglyce Abstract

compol PURPOSE: To evaluate the role of nutritional factors, serum lipids, and lipoproteins in late age-related macular degeneration (late AMD).

coNcl METHODS: Intake of red meat, fruit. fish. vegetables. and alcohol, smoking status, and body mass index (BMI) were ascertained questionnaire-
additior  Pased in 1147 late AMD cases and 1773 controls from the European Genetic Database. Serum levels of lipids and lipoproteins were determined. The

relationship between nutritional factors and late AMD was assessed using logistic regression. Based on multivariate analysis, area-under-the-curve
PMID: 20 (AUC) was calculated by receiver-operating-characteristics (ROC).

RESULTS: In a multivariate analysis, besides age and smoking, obesity (odds ratio (OR): 1.44, P = 0.014) and red meat intake (daily: OR: 2.34, P =
8.22 = 10(-6);, 2-6x/week: OR: 1.67. P = 7.98 = 10{-5)) were identified as risk factors for developing late AMD. Fruit intake showed a protective effect
(daily: OR: 0.52, P = 0.00%5; 2-6x/week: OR: 0.58, P = 0.035). Serum lipid and lipoprotein levels showed no significant association with late AMD.
ROC for nutritional factors, smoking, age, and BMI revealed an AUC of 0.781.

CONCLUSION: Red meat intake and obesity were independently associated with increased risk for late AMD, whereas fruit intake was protective. A
better understanding of nutritional risk factors is necessary for the prevention of AMD.

PMID: 25101280 [PubMed - indexed for MEDLINE] PMCID: PMC4101976  Free PMC Article



How does one prescribe nutrition?

At NEWS & EVENTS EVENTS *  SCIENCE BLOG ARTS BLOG NEWS RELEASES FOR FIND AN EXPERT
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Home & Mews and events

w=0s AN apple a day keeps the heart
doctor away

HEALTH  SCIEMCE

The 150-year-old proverb 'an apple a day keeps the doctor away' stands the test of time,
say Oxford University researchers.

Writing in the more light-hearted Christmas edition of the BMJ medical journal, the scientists
estimated how effective this Victorian health advice would be today in preventing heart disease

among people over 50.

Using mathematical models, the researchers calculated that prescribing an apple a day to all adults
aged 50 and over in the UK would prevent around 8,500 deaths from heart attacks and strokes every

year.



Introduction to dietary
carotenoids



Selective absorption of carotenoids

Hi Zeaxanthin, 3,3'-dihydroxy-p,p-carotene

L-OH
A g g g
Hf Meso-Zeaxanthin,

3,3'-dihydroxy-p,p-carotene

OH
RIS
H

Lutein, 3,3'-dihydroxy-p,e-carotene



Macular Pigment (MP)
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MP is comprised of lutein (L) and zeaxanthin (Z), and their
Isomer, meso-zeaxanthin (M2).



MP screens central cones

Cell nuclei (purple), LM cones (green), rods (red), lipofuscin (orange)
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MP absorbs short-wave light

LMl w .,

Image: D. Max Snodderly









Xanthophylls are antioxidants
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Which foods are best for L and Z?

Kale (cooked)

Spinach (cooked)
Collards (cooked)
Turnip greens (cooked)
Spinach (raw)

Corn (can or cooked)
Green peas (canned)
Broccoli (cooked)
Romaine lettuce (raw)
Green beans (cooked)

Orange

1cup
1cup
1cup
1cup
1cup
1cup
1cup
1cup
1cup
1 cup
2 (large)
1 (medium)

238
204
146
122
38
22
22
16
13
08
03
0.2

AOA.org



How do North Americans stack up?

1.0 + log units 20+ mg / day

0.3 log units ‘ffh . 1.5mg/day

0.0 log units - | I Micrograms,

Hammond & Caruso-Avery, 2000; if any
Curran-Celentano et al, 2002



Carotenoids and visual
function: the evidence



Visual function?
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Pigments absorb short-wave light.
Tungsten sources make bad test lights.
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Testing visual function

‘ .

The yellow macular pigment
\ absorbs the background
| : (like they sky) more than the
target (like the ball) and
\ therefore creates a bigger
\ difference between the two
(i.e., enhances contrast)




Glare disability







Photostress recovery




Photostress recovery




Xanthophylls improve visual function.
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Xanthophylls and AMD
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Carotenoids and cognitive
function: the evidence



The many ways that one can age

......................

| BETTY WH.ITE

C A BSERN D R

Betty White: current age, 93



The many ways that one can age

Marlon Brando: died age 80, liver failure, congestive
heart failure, obesity, diabetes, pulmonary fibrosis



The many ways that one can age

"

R
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Paul Newman:
died age 83, lung
cancer




Successful aging?

"You start to lose your memory, you

start to lose your confidence, you start
to lose your invention. So | think that's
pretty much a closed book for me.”

-- Paul Newman, 2007, on retiring from acting
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Altered sensory
iInput with age
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Altered sensory
iInput with age

Loss of cortical
volume

Alterations in
processing
strategy

More or less
successful execution
of behavioral tasks




More or less successful
execution of behavioral
tasks




The Mini-Mental State Exam

Patient,

Examin

Maximum

oo

w — o

Score

Orientation
What is the (year) (season) (
Where are we (state) (counti

Registration

Name 3 objects: 1 second to
all 3 after you have said {
Then repeat them until |
Trials

Attention and Calculati

Measuring behavior

OV #0825-0:334

Cardiovascular Healih Studly
YEARIE. =
TELEPHONE INTERVIEW FOR
COGNITIVE STATUS {Tics)

7 Name

Pusle reg formt
average 10 anES DEY YES(O"‘E ding 'hE 'm
insruclions, saarching ex\;ﬁn; data souco: cahsnrg
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home address (you can find it on the Tracking form).

Seript: [ would like 0 ask you 2 few guestions Uit
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Recall
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Language

Name a pencil and watch.
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Follow a 3-stage command:
“Take a paper in your ha

Read and obey the following

Write a sentence.

Copy the design shown.

Total Score
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month day year
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101398, Form 67

-
Congruent

“Press LEFT”

O+

Incongruent

ITI
1000 ms

Gulbinaite et al, 2014

ITI
1000 ms

Stimulus
Until response

Boston University Rehabilitation Outcomes
Center

Category confusion: staging decline vs. direct measures of function vs. cognitive
functional reductionism



What's in a neuron?




What's in a neuron?
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What's in a neuron?

Fatty acids (lipid bilayers)
Electrolytes (ion
channels)



?

S IN a neuron

What'

—
7
| . S
2 9
(1°] ()
= 2
e
S < c
Q 0 5 ©
= v e dud ey
-~ »n 9 @© Q
w o S £3
dtnsu
= > =
O == c
aOhnlo
rcms
> a4
- O ©
w® 2 =
W L >

D

0 2
mwaﬁa 24 @_v@
T ﬁw 2

R SRR

A58 5
S @ ¢ ¢ ﬁw
o !
@ s @nﬁ.ﬁa @.nﬂ# 35 Mm.w P 55 ¥ 3 40 @
Gax kLT 1 2
% s 2 5 e o SO 2D
£ ‘)
ey R @ RDPRES
D A% RR o 2
22 : m % T
T o« X T DD
LSS ) smynlll vvv 22 et G Eo R
=G o @Vﬂa nw..vv\anﬁ. R
D 0 .ﬁ.& s
o0 T m@ SR @m.. ‘.,u <
GO LRARORD e @

@ ﬁ. £ ﬁ.



What's in a neuron?

Fatty acids (lipid bilayers)

Vitamins (fat and water
soluble, aqueous and
lipid compartments)

Proteins and carbohydrates
(cytoskeleton,
receptors)

Carotenoids?




Retinal L and Z concentrations
relate to cortical concentrations

a

c
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Vishwanathan et al, 2013




Processing speed underlies cognition

1,752 graduating

How many rows of 50 would
be needed to accommodate
all 1,752 undergraduates?

~35




And what If | read that out loud?

Auditory cortex T -
Temporal lobe —;_ 3

Auditory "-._

radiations

Medial geniculate body

Superior colliculus
Inferior colliculus

Reticular

/ b
formation =
f{ﬁ.’, )
t&%'
7.

Midbrain

Lateral lemniscus
b

1. Hearing

&/
Auditory part of Vill
cranial nerve

o Spiral ganglon Trapezoid body

(Type | neuron)

2. Sensory processing

4. Conversion to
long-term storage

Hippocampus

Lateral view

Medial view

. 5. Permanence



Measuring processing speed

Critical Flicker Fusion
Frequency (CFF)

Processing speed is the pace at which a person takes in information from the world.



Lutein levels relate to processing speed

Hammond & Wooten, 2005

Renzi & Hammond, 2010

Critical Flicker Fusion Threshold (HZ)

1 2 3

Low MP Medium High MP
(0.0- MP (0.41-
0.20) (0.21-0.40) 0.81)



Supplementation with lutein and zeaxanthin
iImproves CFF

CFF thresholds (Hz)

27.4

27.2

27

26.8

26.6

26.4

26.2

26

Baseline

4-months

When young people supplement lutein and zeaxanthin,
CFF improves significantly.

3 PLOS | one

OPEN @wcr.ss Freely available online

A Double-Blind, Placebo-Controlled Study on the Effects

of Lutein and Zeaxanthin on Neural Processing Speed  cusun
and Efficiency

Emily R. Bovier!, Lisa M. Renzi'2, Billy R. Hammond'*

1 Laboratori . The University of Georgia, Athens, Georgia, United States of America, 2 Abbott Nutiition,
Columbus, Ohio, United States of America

Abstract

Lutein and zeaxanthin are major carotenoids in the eye but are also found in post-receptoral visual pathways. It has been
hypothesized that these pigments influence the processing of visual signals within and post-retina, and that increasing
lutein and zeaxanthin levels within the visual system will lead to increased visual processing speeds. To test this, we
measured macular pigment density (as a biomarker of lutein and zeaxanthin levels in brain), critical flicker fusion (CFF)
thresholds, and visual motor reaction time in young healthy subjects (n=92). Changes in these outcome variables were also
assessed after four manlhs of supplementation with either placebo (n = 10), zeaxanthin only (20 mg/day; n =29) or a mixed
mg/day in, 8 mg/day lutein, and 190 mg/day mixed omega-3 fatty acids (n=25).
Significant correlations e T b vl ook et zeaxanthin (macular pigment) and CFF thresholds (p<0.01}
and visual motor performance (overall p<0.01). with thin and the mixed
together) produced significant (p<<0.01) increases in CFF thresholds (~12%) and visual motor reaction time (~10%)
«compared to placebo. In general, increasing macular pigment density through supplementation (average increase of about
0.09 log units) resulted in significant improvements in visual processing speed, even when testing young, healthy
individuals who tend to be at peak efficiency.
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Supplementation also improves
reaction times

OPEN J ACCESS Freely available online @ PLOS ‘ ONE

A Double-Blind, Placebo-Controlled Study on the Effects

of Lutein and Zeaxanthin on Neural Processing Speed  ceiu 230

and Efficiency

Emily R. Bovier', Lisa M. Renzi'?, Billy R. Hammond'* Va ri a b I e 2729

1 Department of Psychalogy. The University of Georgia, Athens, Georgia, United States of America, 2 Abbott Nutrition,
Reaction
Abstract

Columbus, Ohio, United States of Amesica
Lutein and zeaxanthin are major carotenaids in the eye but are alsa found in post-receptoral visual pathways. It has been TI me 228
hypothesized that these pigments influence the processing of visual signals within and post-retina, and that increasing

lutein and zeaxanthin levels within the visual system will lead to increased visual processing speeds. To test this, we
measured macular pigment density (as a biomarker of lutein and zeaxanthin levels in brain), critical flicker fusion (CFF)
threshaolds, and visual motor reaction time in young healthy subjects (n=192). Changes in these outcome variables were alse m s

assessed after four months of supplementation with either placebo (n=10), zeaxanthin only (20 mg/day; n=29) or a mixed

formulation containing 26 mg/day zeaxanthin, 8 mg/day lutein, and 190 xed omega-3 fatty acids (n=25). 227

Significant correlations were found between retinal lutein and zeaxanthin (macular pigment) and CFF thresholds (p<0.01)
and visual motor performance (overall p<0.01). Supplementation with zeaxanthin and the mixed formulation {considered
together) produced significant (p<0.01) increases in CFF thresholds (~12%) and visual motor reaction time (~10%)
compared to placebo. In general, increasing macular pigment density through supplementation (average increase of about
0.09 log units) resulted in significant improvements in visual processing speed, even when testing young, healthy
individuals who tend to be at peak efficiency.
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As CFF improves, reaction times also improve. o1
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CFF is the “gateway” to higher cognition

OXFORD e
UNIVERSITY PRESS CLINICAL
A f Clinical Ne ! 01 M
Critical Flicker Fusion Predicts Executive Function in Younger CFF |S one Of the beSt pl’edICtOI’S Of Cognltlve funCt'On

and Older Adults young, healthy people and older adults. People who can

process information quickly tend also to be better at
other cognitively challenging tasks.

Catherine Mewborn', Lisa M. Renzi', Billy R. Hammond'. L. Stephen Miller!2

Global cognition 0.377
Processing speed 0.344
Reasoning 0.386

Executive functioning 0.465



Early life influences on cognition

200 r
-‘_E" 150 r . Hassevoort et al, 2017,
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Early life influences on cognitio

Achievement

Reading

Math
Written Language
Reading fluency

85

Children, aged 7-12 years

Relation to Macular
Pigment (r)

0.40

0.28

0.35
0.41
0.22

Statistical
Significance (p<)

0.01~*

0.05*

0.01~*
0.01*
0.091

Kaufman Test of Academic
and Educational
Achievement Il

Barnett et al, in press, Nutritional Neuroscience



Concept Formation

Does It work?
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Measuring cognition at multiple levels
of analysis, in multiple populations

AL — 1

 Randomized, double masked
placebo-controlled trial

« N =102 completers
— n =51 young, healthy adults ’
— n =51 community dwelling elder

« 12 mg L+Z vs. placebo

::::::::::
Simply more for your eyes

Floram" #

ODSM MacularMetrics mﬁ:ﬁ



Measuring “cognition” at multiple levels of
analysis, in multiple populations

Level 1: Level 4: Level 6:
anthropo-, sensory structural processing functional functionally
metrics, input level integrity of the strategy, passive behavioral tasks reductionist and
diet, serum, nervous system and active . diagnostic tasks
MPOP processing

111111

Baseline 4-mo 8-mo 12-mo



Level 1

Basic
anthropometrics

Health screen
MPOD

Presence of /
degree of
cognitive
impairment
(clinical interview)

Family Hx

Serum
carotenoids

Baseline

Visual acuity

Temporal
contrast
sensitivity

Critical Flicker
Fusion
Frequency
(CFF)

8-months

Level 4

Structural
magnetic
resonance
imaging (MRI)

Voxel based
morphometry

Resting state
electro-
encephalography
(EEG)

EEG in visual
attention / target
detection task

EEG in simple
flicker paradigm

Functional MRI
(fMRI) in
operation span
and memory
tasks

Diffusion tensor
imaging (DTI)

12-months

Short physical
performance
battery (SPPB)

Reaction time
and
coincidence
anticipation
testing

Level 6

Congruent Incongruent
“Press LEFT" *Press RIGHT"

“Press RIGHT”|
+

m Stimulus Im
1000 ms Unil respanse 1000 ms

Attention
Visual Memory
Verbal Memory

Processing
Speed

Psychomotor
Speed

Reasoning

Executive
Function

Mood

Social Function



Testing cognitive function

Visual Memory

Remember this
image

Press the SPACE Press the SPACE
BAR if you were asked BAR if you were asked
to  remember this to remember this
image image

Remember this
image



Testing cognitive function

Complex Attention
Green | Green ‘ ‘
Re d Match to Match to
shape color

swe (e | | @ || O N

Yellow Press LEFT Press RIGHT Press LEFT Press RIGHT

shift key shift key shift key shift key
Stroop Task Shifting Attention Task




Testing cognitive function

Complex Attention
Press the SPACE bar when you see the letter “B.”

R B A

Continuous Performance Task



Testing cognitive function

Reasoning ability: choose the option that best completes the pattern.




Critical Flicker Fusion Threshold (HZ)

Lutein levels relate to
processing speed

n =355

Low MP Medium
(0.0- MP
0.20) (0.21-0.40)

High MP
(0.41-
0.81)

Hammond & Wooten, 2005

Renzi & Hammond, 2010



Reaction Time (msec)

B Variable Reaction Time
® Fixed Reaction Time

500 - . N=73(M=20.6%2.5
m years)
om Fixed Reaction Time:
400 A = r=-0.24, p =0.04
°
® 0 Variable Reaction Time:
- - . r=-0.26, p = 0.03
300
200 -
T T T T T | T | ' 1
0.0 0.2 0.4 0.6 0.8 1.0
Macular Pigment Optical Density (30-minutes retinal eccentricity)
Renzi et al,
2013

Lutein levels relate to reaction time



Younger adults, by supplement

Average improvement in spatial memory following one year of supplementation
Adults, aged 18-25

10.00-

§.00

6.00-

4.00-

Mean improvement in spatial memory

2.00

0.00 T T
12 mg Iutein + zeaxanthin placebo

Supplement status



Younger adults,
Improvement

Adults, aged 18-25

250

2,005

1504

1.00

Average change, complex attention

050

0.00 T T
no change increase of 0.10 or more

Change in MPOD



Younger adults, by
Improvement

Adults, aged 1825

2.005

1.50

1.00—

0.504

Average improvement in reasoning ability

0.00
I

-0.50 T T
increase of 0.10 or more no change

Change in MPOD



Older adults, by su

Mean Average improvement in complex attention

-1.00

Adults, aged 65+

plement

6.00

5.004

4.00—

3.007

2.009

1.00

0.00

T
12 mg lutein + zeaxanthin

Supplement status

T
placeho



Older adults, by supplement

Adults, aged 63+

15.00

10.00+

5.007

Mean Average improvement in executive function

0.00 T T
12 myg lutein + zeaxanthin placebo

Supplement status



Older adults, by supplement

Adults, aged 63+

15.00

10.00

5.007

Mean Average improvement in cognitive flexibility

0.00 T T
12 myg lutein + zeaxanthin placebo

Supplement status



Brain activation, at rest

2

—w| High
o 7 MPOD =
0.69
average

68 —

66—

WW . =0.28
i | average

I v w ||M“
ol 12-15 Hz, i Ly

o = 0.031 Ly

54l \

(V=)

spl | | | | | |

Frequency (Hz)

Thorne et al,
2015



Brain activation, with noise

Power (10*/°9,,(1V2)

75

55 L p < 005 o
50
Unattended image
Middle bar
/ Peripheral bar
45} Outside bar
40 i L 4 1 'l [} L i i
0 2 4 6 8 0 12 14 16 18

L ow
High

Frequency
(Hz)

20

High
MPOD =
0.69
average

Low MPOD
=0.28
average

.| middle,
peripheral peripheral
ide outside

outst

Oliver et al,
2015



Functional scans, verbal domain

RECALL: ENCODING:

Demographics Mean (SD)

Age T18(62)

Education 16.3(3.8)

Gender (% female) 5%

Race 100% Caucasian

Estimated 1Q 114.2 (8.6)

Subjective Accuracy (%) 74.1015.3)

Verbal Recall (%) 48.1(20.1) _

Verbal Recognition (%) 75.3(20.0) N - 3 5

Low levels of macular xanthophylls relate to increased
utilization of compensatory processing mechanisms.

Terry et al,
2014



Functional scans, visual domain

Press RIGHT if Press RIGHT if top Left middle
even, LEFT if and bottom match, 15 frontal
uneven LEFT if no match gyrus; Right

Demographics Mean (SD) su p_erl or

Age 73(10) parietal

Education 15.9 (2.69)

Gender (% female) 53%

Race 100% Caucasian —

Estimated IQ 114.0 (8.4)

JLO easy (% correct)  |98.2 (2.3) 36

JLO hard (% correct)  |88.1 (6.5) Terry et al,

2014

Left middle frontal gyrus and right superior parietal lobe show
activation differences in adults with high macular xanthophylis.



Cognitively impaired older adults

All participants Attentional 0.024 0.441
Visuospatial 0.251 0.057
Unimpaired Attentional -0.088 0.334

participants

Visuospatial 0.091 0.329
Impaired Attentional 0.466 0.04
participants
Visuospatial 0.429 0.056 Renziet al

2013



Conclusions and
recommendations for patient care






Having the hard conversation

Asking about diet Is awkward
Patients have selective memories
Modeling good behavior

Track lifestyle

Practice expansion / value add
— OD Is the new GP

Nutrition is (needlessly) confusing



Eggs are good, eggs are bad... might as well eat a donut

Importance Observational data have suggested that high dietary intake of saturated fat and low intake of
vegetables may be assoclated with increased risk of Alzheimer disease.

Objective To test the effects of oral supplementation with nutrients on cognitive function.

Design, Setting, and Participants Inadouble-masked randomized clinical trial (the Age-Related Eye
Disease Study 2 [AREDS=]), retinal specialists in 82 7S academic and community medical centers enrolled
and observed participants who were at risk for developing late age-related macular degeneration (AMD) from
October 2006 to December zo12. In addition to annual eve examinations, several validated cognitive function
tests were administered via telephone by trained personnel at baseline and every = years during the 5-vear
study.

Interventions Long-chain polyunsaturated fatty acids (LCPTUUFAs) (1 £) and/or lutein (10 mg)/zeaxanthir -
(2 mg) vs placebo were tested in a factorial design. All participants were also given varying combinations of Z eaxad nt h In y or

vitamins C, E, beta carotene, and zine. g m
gnitive

Main Outcomes and Measures The main outcome was the yearly change in composite scores

determined from a battery of cognitive function tests from baseline. The analyses, which were adjusted for

baseline age, sex, race, history of hypertension, education, cognitive score, and depression score, evaluated

the differences in the composite score between the treated vs untreated groups. The composite score

provided an overall score for the battery, ranging from —=2 to 17, with higher scores representing better er PhD?3:

function. e Disease Study 2 (AREDS2)

Results A total of 89% (3741/4203) of AREDS2 participants consented to the ancillary cognitive function
study and 93.6% (3501, 3741) underwent cognitive function testing. The mean (SD) age of the participants
was 72.7 (7.7) vears and 57.5% were women. There were no statistically significant differences in change of
scores for participants randomized to receive supplements vs those who were not. The yearly change in the
composite cognitive function score was —o0.19 (gg% CI, —0.25 to —0.13) for participants randomized to
recelve LCPTTFAs vs —0.18 (gg9% CI, —0.24 to —0.12) for those randomized to no LCPTUFAs (difference in
vearly change, —0.03 [99% CI, —o.20 to 0.13]; P = .63). Similarly, the yvearly change in the composite cognitive
function score was —0.18 (9g% CI, —0.24 to —0.11) for participants randomized to receive lutein/zeaxanthin
vs —0.19 (99% CI, —0.25 to —0.13) for those randomized to not receive lutein/zeaxanthin (difference in yearly
change, 0.03 [99% CI, —0.14 to 0.19]; P = .66). Analyses were also conducted to assess for potential
interactions between LCPTTFAs and lutein/ zeaxanthin and none were found to be significant.

Conclusions and Relevance Among clder persons with AMD, oral supplementation with LCPTTFAs or
lutein/zeaxanthin had no statistically significant effect on cognitive function.




Understanding null results, and
consequences of category confusion

100 trillion
links

GERALD M. EDELMAN 500 D |
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TED: Brain Power: From Neurons to Networks

. The Internet Adult’s Brain Child’s Brain =

Test, function,
population all
align.

Appropriate level
of analysis for the
guestion.

There is power in
“nothing
happening.”
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