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Expert

(@) bj ectives Briefings

Parkinson’s Foundation

1. Learn how the gut microbiome is altered in Parkinson’s
2. Discuss the role of the gut-brain axis on Parkinson’s disease

3. Review how diet may impact on Parkinson’s symptoms and gut
health

BetterLives.

My Background in Parkinson’s Disease o eons

Foundation

UF MovementDisorders @UFMDC - Apr 7

Before you join us this Saturday for the Parkinson's Disease Symposium,
you can watch previous talks on our Youtube channel, like this Q&A session
from last year: buff.ly/390AMzl

sk the Doctor & =
Dieitian about UFHealth
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Parkinson's
Foundation

Let me know whether you are a:

* Person with Parkinson’s/Caregiver

* Physician

» Advanced Practice Provider (PA, NP)
* Nurse

+ Dietitian

* Rehab Provider (PT, OT, SLP)

* Researcher

* Other

BetterLives.

Parkinson's
Foundation

Parkinson’s, Diet and the Gut-Brain Connection

GUT MICROBIOME AND THE GUT-
BRAIN AXIS

BetterLives.
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Mark Welch JL, et al. Proc Natl Acad Sci USA 2017;114(43):E9105-E9114.

Microbiome Overview Parkinsons

Microbiome = the totality of microorganisms - —
. . . . omat:.h and duodenum \
and their collective genetic material present 19210 Couim. ) )

S N X Lactobacili  TT——_ 2y,
in the intestinal tract Nl -

— Gut Microbiota = the microorganisms of
the intestinal tract (i.e., bacteria, viruses,

Jejunum and ileum

£
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Bacteroides N e Coliform bacteria
Bifidobacteria < &= Streptococei
, - , smoeec” | —
Greatest density and diversity located in the el (| Sy Fusobactera
colon Veloneta
Coliform ‘baclena
— Upto 102 CFU/mI gy
Staphylococci .
s
Yes::;omonadcs \ / CCF
Protozoa ‘ 020%

Morgan XC & Huttenhower C. PLoS Comput Biol. 2012;8(12):e1002808.
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What is a “healthy” gut microbiome? S

Foundation
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Alam MT, et al. Gut Pathog. 2020;12:1. Clooney AG, et al. Gut. 2021;70(3):499-510.
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Gut microbiota

Created with BioRender.com




Interest in diet and the microbiome are ET
growing exponentially.

Foundation
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Alpha-synuclein pathology has been Parkinson's
documented across the Gl tract in PwP? Foundation

Submandibular gland
*Phosphorylated a-synuclein

Oesophagus

- Phosphorylated a-synucleinin
upper oesophagusin 0of 8and
inlower oesophagusin 11 of
16 patients with Parkinson’s

present in postmortem tissue

Parkinson’s Pathophysiology fom2g0f3 ersuts

«Phosphorylated a-synuclein disease®
Progressive loss of dopamine neurons of the e el e
. . . . Parkinson’s disease® with Parkinson'’s disease and
substantia nigra pars compacta of the midbrain? Jor8 oo
— Estimated 60-70% loss at presentation of motor —
symptoms (motor stage) i s e
lisease’ submucosal plexus in 10 of

« Lewy bodiesin 2 0f 7 patients

10 patients with Parkinson’s
‘with Parkinson’ disease®

disease and 40 0f 77 controls’
«Phosphorylated a-synuclein in

submucosal plexus n 21.of

29 patients with Parkinson's

disease and 0 0 10 controls™

Accumulation of Lewy bodies (aggregated alpha-

synuclein) are found in the neurons of PwP? i O S
had the most dense phosphorylated a-synuclein

i H H a-synuclein expression in the presentin mu(nsam]golv

— May trigger loss of neurons (e.g., dopaminergic) e i s
system; a-synuclein present n sease and 11.0f 1 controls'

«a-Synuclein present in mucosa

— Also found in other neurodegenerative diseases e ngofoptiertewith
23 controls”

~Phosphorylated a-synuclein
presentin 11 of 13 individuals
‘without Parkinson's disease with

PwP: People with Parkinson’s apossible increase with age*
1. FasanoA, et al. Lancet Neurol. 2015;14(6):625-39.
2. Mhyre TR, et al. Subcell Biochem. 2012;65:389-455.
3. Calabresi P, et al. Cell Death Dis. 2023;14(3):176.
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Gastrointestinal dysfunction is common
in Parkinson’s disease

Dysphagia

© Affects 9-77% of PD pateints
 No correlation between
symptom and stage of PD

Gastroparesis
* Affects 70-90% of PD pateints
# Correlates with stage of PD

Constipation

e Affects 7-70% of PD pateints
e Occurs early in the course of
disease

Current Treatments - Dysphagia
e Physical therapies

o Surgical treatments

© Dopaminergic drugs

Current Treatments - Gastroparesis
e Dietary interventions (softer foods)
 Prokinetics and antiemetics

e Dopamine receptor 2 agonists
(domperidone and metaclopramide)

Current Treatments - Constipation

e Dietary interventions (fibre and probiotics)
® Physical therapies (exercise and abdominal
nmassage)

* Osmotic laxatives (polyethylene glycol)

* Stool softeners

e Type 2 chloride channel activators
(lubiprostrone)

Parkinson's

Foundation

Han MN, et al. J Pers Med. 2022;12(2):144.
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Markers for intestinal permeability and inflammation
are elevated in Parkinson’s compared to controls Foundation

Parkinson's

30 P <0.0001

400-]
P<0.01
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g
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0 ! T 0 B3
control PD patients CONTROL PD IMIN-MAX
Schwiertz A, et al. Parkinsonism Relat Disord. 2018;50:104-107. Mulak A, et al. Front Neurosci. 2019;13:992.
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“Braak To The Future” Parkinson's

Foundation

Cerebral Cortex

=

Substantia Nigra Pars
Compacta

Braak’s Hypothesis
(2003)

=

Postulated alpha- Midbrain
synuclein pathology can = Jeeecorex
spread from the Basal mid- and forebrain,
gastrointestinal (GI) tract Dypchanis jiualenus
via the vagus nerve >

ventral midbrain

=

Dorsal Motor
Nucleus

Medulla oblongata

Peripheral & enteric nervous systems Vag us Nerve

=

Gl Tract

Braak H, et al. Neurobiol Aging. 2003;24(2):197-211
Visaniji N, et al. Acta Neuropathol Commun. 2013;1:2.
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Recent preclinical models suggest a gut-to-

Parkinson's
brain spread via the vagus nerve ey
Exogenous preformed fibrils (PFF) of alpha- ¥ ® Q
synuclein were injected into the Gl tract of Exogenous Endogenous Endogenous
mice PFF ' a-Syn .Pathologic a-Syn
—Measured amount of pathologic a-syn Normal | Vagotomy !  Snca*
accumulation in the brain ;
Mice with intact vagal nerves accumulated
pathologic alpha-synuclein in the brain : P
(including Substantia nigra) and developed ; i
Parkinson’s symptoms ; ;
Parkinson’s-like pathology and symptoms Q Q
required endogenous alpha-synuclein " No-PD ' No-PD

Kim S, et al. Neuron. 2019;103(4):627-641.e7
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Braak’s Hypothesis and the Gut-Brain
Axis

Central Nervous System aggregates
-

Foundation

Neuron

s,
% % Environment
Microglia Ast .
i Al roote and genetics
Nigra 1
/1
Enteric Nervous System 1
! t Beneficial microbes and SCFAs
1
. I APC  lymphocyte ) .
e % Q= J Proinflammatory cytokines
e \ ( 0@ . ‘ LPS, zonulin and calprotectin
s '”a'::?:ff!;*::{?:';’f e % Intestinal permeability
Intestinal
(x-synuclei‘n  Enteric Mn'nmnmg&ﬂu wal
aggregates glia » &

Changed rio Bacterial products/toxins Perez-Pardo P, et al. Eur J Pharmacol 2017
g Houser MC, et al. Mov Disord 2018
Tansey MG, et al. Nat Rev Immunol 2022
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Inflammation and barrier integrity are
important for gastrointestinal health Founcation

( A) Healthy condition Gut lumen

-
s =) s -l* Pathogens

Microbiota-u‘

LR LS,

P

IgA

Martel J, et al. Trends Endocrinol Metab. 2022;33(4):247-265.
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Short-Chain Fatty Acids (SCFA): Butyrate

Major energy source for colonocytes

Parkinson's
Least abundant SCFA produced by intestinal O

microbes through fiber fermentation M
o

Butyrate-producing microbes frequently rely on
cross-feeding off others

Influence immune function and gene transcription
(primarily anti-inflammatory effects)

Fu X, et al. Crit Rev Food Sci Nutr. 2019;59(sup1):S130-S152
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Fecal butyrate is lower in Parkinson’s and B
correlated with motor severity scores. Foundation

2 é
14
0~
T T
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-

Control  PD MDS-UPDRS part Il score

p =-0.40, p = 0.002

Log-transformed fecal
butyric acid (C4) level (umol/g)

Log-transformed fecal
butyric acid (C4) level (umol/g)

Chen SJ, et al. Neurology. 2022;98(8):e848-e858.
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Parkinson’s, Diet and the Gut-Brain Connection

DIETARY INTERVENTIONS TO
MODULATE THE MICROBIOME

BetterLives.




Parkinson's

Stress Pharmaceuticalls Other Factors Foundation
-
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metabolites
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PrebI_Otl_cs’ Gut microbiota
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‘ Cruciferous vegetables (times per week) p I a nt fo o d s a re

Moderate activity (times per week)
A/G ratio

Caffeinated beverages (times per week) assoc i ated with h i g h e r
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Manor O et al. Nat Commun 2020;11(1):5206.
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Dietary Fiber: Frequently Under Consumed in Parkinson's
the US

Foundation

Figure 2. Fiber density (gm/1000 kcal) of U.S. population, WWEIA, NHANES 2009-2010

uMales
= Females

Fiber density
(gm/1000 kcal)

All 2-5 6-11 12-19 20-39 40-59 60+

Age (years)

Adequate Intake (Al) for Adults = 14 g per 1000 kcal

*Significantly different from males (p<0.001)
+Within gender, intake of males and females 60+ years significantly higher than other age groups combined, p<0.001

SOURCE: What We Eat in America, NHANES 2009-2010, day 1, individuals 2+ years
Hoy MK & Goldman JD. 2014. In: FSRG Dietary Data Briefs [Internet]. Beltsville (MD): United States Department of Agriculture (USDA); 2010-. Dietary Data

Brief No. 12. Available from: https:/www.ncbi.nim.nih.gov/books/NBK589559/

Parkinson's

The Many Functions of Fibers Foundation

Small intestine Large intestine

(@)
&)

QRENRERRA RN RAN AR

X o /, TR T T
MRS NN NN n;mv T Water binding J— T Stool bulk ] [ Sluity
pH

[ARRRANARAREA]
1 Glucose Microbial growth 2 J
{ raf /<"°:f‘\‘
(Fibe ) Bifidobacteria * "% fii’:lale LpH Inhibi
| 0 ) :
o )
Dietary Fibers Phytate& ‘/ Bile acids W t * Butyrate
Prebiotic Fibers fron I Y Reabsorption } PYY Srapea
inuli i tight
(FOS, GOS, inulin) |y 1T T, LSborcreost [
et &4 Largefibre () integrity
ntestinal particles ‘T)O
epjhett I8 5 WA 8 | (SR MR B N SRR & A
Dendritic 4% ‘
Teell O cel 33,:5 O 1 Colonic muscular contractior j\

e
[ Immunomodulation ]
| e

Gill SK, et al. Nat Rev Gastroenterol Hepatol. 2021;18(2):101-116.




Fermentation of Non-Digestible Carbohydrates Parkinson's
and Cross Feeding

Foundation

ap > - @G

primary fiber degrader ~ ®®  secondary fiber degrader Fiber: Resistant

prebiotic o000 -__/ starch

oligosaccharides lactate l
butyrate, acetate,

propionate Ruminococcus bromii

!

SCFA: Acetate

|

Eubacterium hallii

!

SCFA: Butyrate

dietary fiber

mucus-degraders

barrier
enhancement

Cockburn DW et al. J Mol Biol 2016;428(16):3230-3252.
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Prebiotic Fibers Parkinsons

Prebiotic Definition: a substrate that is selectively utilized by host
microorganisms conferring a health benefit

— Not all fibers meet this definition!

Naturally-Containing Prebiotic Foods: | Prebiotics can be made and
Bananas added to food products:
— Galactooligosaccarides (GOS)

Onions ‘ — Fructooligosaccarides (FOS)
Garlic

— Oligofructose (OF)

— Chicory root — Chicory root
— Artichokes - Inulin
— Beans

Gibson GR, et al. Nat Rev Gastroenterol Hepatol. 2017;14(8):491-502.
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Recommended to consume 3-5 g/day
prebiotic fibers (ISAPP) Foundation

Parkinson's

Selective utilization Substances that
by host microorganisms affect the microbiome
. I

smmmmmmmmas re————— .
1 Dietary v
{ b e [ )
e " AYH - 1 . L
CLAs and Human milk ! Readily Less || Proteins Probiotics
| PUFAs } Lo' i ‘ :[fe }Efe e]] [ ] (—)

llgosaccharldes/ rmentable rmentabl and fats

/Oligosaccharides e
e.g. FOS, Inulin, Phenolics and
GOS, MOS, XOS { phytochemicals ( Antibiotics ) (Vltamlns)

Figure 1| Distinguishing what is considered a prebiotic with the proposed definition.

ISAPP: International Scientific Association for Probiotics and Prebiotics
Gibson GR, et al. Nat Rev Gastroenterol Hepatol. 2017;14(8):491-502.
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Prebiotics — not just fibers! Farkinson's

\ Akkermansia

muciniphila

Proanthocyanidins [

Cranberry polyphenols normallzed

in pr
obesogenic models
Phenolic metabolites
N mucin
v (Goblet Cells) [t
Reabsorbed back to the liver
+ re-enter circulation
Rodrigues-Daza MC et al. Int J Mol Sci. 2022;24(1):45. Medina-Larque” A-S et al. Front Immunol 2022;13:871080
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Probiotics Parkinsons

Probiotic Definition': Live microorganisms that, when administered in adequate amounts,
confer a health benefit on the host

— Benefits are species/strain specific!

Probiotic vs. Fermented Foods:
— Evidence for a health benefit not required for fermented foods?
— Examples of fermented foods - yogurt, kefir, kimchi, cheese, some breads, etc.

Synbiotic® & combination of probiotic + prebiotic

No general recommendation exists for consumption of probiotics.

1. Hill C, et al. Nat Rev Gastroenterol Hepatol. 2014;11(8):506-14.
2. Marco ML et al. Nat Rev Gastroenterol Hepatol. 2021;18(3):196-208
3. Swanson KS, et al. Nat Rev Gastroenterol Hepatol. 2020;17(11):687-701
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Clinical Guide to Probiotics in the US el

Q AEProbio Clinical Guide to Probiotic Products Avall;’aozle;::mUSA

Introduction  Adult Health ~ Womens Health  Pediatric Health  Functional Foods ~ References  About Q o &

PROBIOTIC APPLICATIONS IN ADULT HEALTH

Brand Name | Probiotic strain ‘Applications (Level of Recommendation) Dosage Form CFUDose No of Doses/Day
o | Acvee@s 5. (animals)lacis CNCM 12494 . Constpaton ) Fem. mikig 18isenving 13 senings
185 Imtabie bowel syndrome ()
© | agneg 5. longum 35624 185 - mtable bowel syndrome () Capsules T8icapste T capsule
© | aigne crevavies @ 5. longum 36624 185 - miae bovel syndrome () Tavket 18ratier +tabet
© | Aigne Exva svengn@ 5. longum 35624 185 - Imtatle bouel syndrome () Capsules Saicapsule " capsule
© | Aign® GutHeatn & Immunty Supporidp | 9. animais subsp. acts 55-120 - Constipaton (1) Capsue TBicapsie T capsule
Biok+® BiomePRO @ L aciopnius CL1285 AAD - Anlblolc associated dlarmea - revention () Capsue soBicapsule 12 capsuies
© U CaseiLBCR0R CDAD  Clostidhum it associated iahea - Preventon )
© mamnosis CLR2 183 - miatie bowel syndtome ()
Bio-K® BlomePRO arnkable probiticso | L acidophius CL1285 AAD - Antbilc associated darhea - Prevention () Fe. tice 100Bibote 05-1bote,
® Ca0R CDAD - Closiidhum it associated iamhea - Prevention )
L mamnosis CLR2
B10-K+® drnkable probiotics L acidophilus CL1285. AAD - Anlitiolic associated diarthea - Prevention () Fem. soy Ig S081bottie 1 botte
® CaoR CAD - Closiahm aficie assotisted camhea - Prevention ) Fem ey Soaotle oot
L mamnosus CLR2 Ferm. mik i sBotle 1botle
Soarotle 1 ot
Biokuted Bacius suplls PXND 21™ 185 - miable bovel syndrome () Capsue 28capsvie 4 capsule
B. bifidum PXN® 23™ MP - Migraine prevention (reduction of frequency and severity) (Il)
e PXNO 25
5. nfans PXN® 277
5 longum PXN® 20
L aciopnis PXND 357
® L Gelbruecki ssp.bulgaicus PXN® 9™
U casel PXNO 37™
L plantarum PXND 47
Thamnosus PXNG 547
L neNelcus PXNG 45™
L salivarus PXN 57
L lacis s fcls PXNG 63

http://www.usprobioticguide.com/?utm_source=intro_pg&utm_medium=civ&utm_campaign=USA_CHART
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Research on Diets for Parkinson’s:
Not There Yet, But Getting Closer Foundation

Parkinson's

Maijority of research has focused on
identifying risk factors for Parkinson’s

analysis

Randomized
: ’ Controlled
Trials on supplements hasn’t shown Trials (RCTs)
strong results in humans (unless you

have a clinical deficiency)

Cohort Studies

<
&
()

K
S

N

_\o
§
$
(o5

Case Control Studies, Case
Series and Reports

Single food components vs.
dietary patterns

Narrative Review, Expert Opinion,
Editorials

BetterLives.

A synbiotic drink increased number of complete bowel Parkinson's
movements in PwP after 6 weeks Foundation

[ Tablel  Composition of the interventions ] [ Figure2  Complete bowel movements during the study ]
Fermented milk containing  Placebo (pasteurized ' )
probiotics and prebiotic fermented milk) 3g  Baseline Theatment period
fiber (125 g) (125 g)

Eneray, keal 75 77 = 36
) o 34
Proteins, g 28 35 2
o 324
Carbohydrates, g 126 134 g
g 30
Fats, g 09 11 g 30
Fiber, g 7.8 026 g 281
Fructooligosaccharides, g 24 = 8 267
£ 24
Calcium, mg 104 131 T
g 22
Phosphorus, mg 81 105 E “
D O 204
Probiotics,” CFU 250 x 10° -
1.8

Abbreviation: CFU = colony-forming unit.

Interventions shelf life: 37 days (to be stored between 0°C and 4°C). 1.6

®Including the following strains: Streptococcus salivarius subsp thermophilus, Enterococ- 42 Men 3 4 6 & Mean

cus faecium, L illus r GG, L i idophilus, Lactobacillus planta- = Experimental

rum, L illus p i\ L illus delbrueckii subsp bulgaricus, and Bifidobacterium o Placebo Week

lbreve and animaiis subsp lactis). Mean number of weekly complete bowel according toi

Barichella M, et al. Neurology. 2016;87(12):1274-80.
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A multi-strain probiotic increased spontaneous
bowel movements after 4 weeks in PwP ReVinesitem

Parkinson's

Average number of spontaneous
bowel movements per week
5.0 7

45
40 -
35
3.0 |
25 1
2.0 |
15 4
1.0

Spontaneous bowel
movements (n/week)

Pre-intervention Week 1 and 2 of Week 3 and 4 of
phase intervention intervention

Tan AH, et al. Neurology. 2021;96(5):e772-e782.

BetterLives.

A multi-strain probiotic increased spontaneous
bowel movements after 4 weeks in PwP FelnesTen

Parkinson's

Average number of spontaneous
howel mavements nerweek

Average fiber intake at baseline was ~30 grams per day!

Did not find improvements in stool consistency or
constipation-related quality of life

Pre-intervention Week 1 and 2 of Week 3 and 4 of
phase intervention intervention

Tan AH, et al. Neurology. 2021;96(5):e772-e782.
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A New Era? Postbiotics and Purified SCFAs porkineons

Postbiotic: preparation of inanimate microorganisms and/or
their components that confers a health benefit on the host
(ISAPP Consensus Statement 2021)

—  Some evidence for efficacy in H.pylori infections, IBS, COPD
—  Safety?

Purified SCFA (acetate, butyrate, propionate):

— FDA GRAS status

— Some evidence in humans for efficacy in IBD and radiation
proctitis

—  Delivery route?

SCFA: Short-chain fatty acids Lactobacillus rhamnosus GG
Salminen S, et al. Nat Rev Gastroenterol Hepatol. 2021;18(9):649-667. A) active B) inactivated

BetterLives.

What about the Mediterranean diet? parkinson®

Image source: https://oldwayspt.org/traditional-

©2009 Oldways Preservation and Exchange Trust www.oldwayspt.org diets/mediterranean-diet
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Health Benefits of the Mediterranean Diet S

Foundation

“Scavengers” that help prevent or slow
damage to our body’s cells

@ Antioxidants from plant foods

- Essential dietary fat that may influence brain
>  Omega-3 fats from fish/seafood oo iinction

. . Non-digestible carbohydrate that can influence
b Dletary fiber from plant foods our gut health and immune function

BetterLives.

Mediterranean diet is associated with higher
abundance of commensal microbes Foundation

Parkinson's

Diet Positive Diet Negative

MDS <4
OTU_347_Costidum,
OTU_162_Fiavont
hominis [
n=31 (23F, 8M) NU-AGE Cohort (n=612)
Gutierrez-Diaz |, et al. Food Funct. 2016;7(5):2347-56. Ghosh TS et al. Gut. 2020;69(7):1218-1228.
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Mediterranean diet and dietary fiber are
associated with higher SCFA concentrations

8000 p=0.018

p=10.034

-3
g
g

4000+

SCFAs concentration (ug/ml)

8
— -
4B o
HIH
—
—=—

| acetate (pgim)
I8 propionate (jig/imi)
[Dlbutyrate (ugimi)

MDS<4 MDS24
Mediterranean Diet Score

n=31 (23F, 8M)

Gutierrez-Diaz |, et al. Food Funct. 2016;7(5):2347-56.

BetterLives.

;

p=0.028
. frm————]
3
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<

Parkinson's
Foundation

.o L ]
~ 4
Low High
Dietary fibre

n=27 (16F, 11M)
Garcia-Mantrana |, et al. Front Microbiol. 2018;9:890.

Mediterranean diet may slow age-related
cognitive decline (PREDIMED Trial)

334 volunteers
— Average age ~65 years

High risk for heart disease

Assigned to either:

— Mediterranean diet + EVOO
— Mediterranean diet + Nuts
— Control (low-fat) diet

Followed for ~4 years

EVOO: Extra virgin olive oil
2015 Valls-Pedret et al. JAMA Intern Med.

BetterLives.

Composite Score

0.5

0.4+

0.3

0.2

0.1

0.0

-0.14

-0.24

-0.34

-0.4-

-0.5

i

Parkinson's
Foundation
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Mediterranean diet is associated with lower
risk of Parkinson’s and prodromal symptoms Felinesizlen

Parkinson's
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3 ab Overall p<0.001
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Risk Ratio Risk Ratio o cd ac
Study or Subgroup _ Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI ® " b,d
6.1.1 High MeDi adherence E 4
Gao 2007 40.3% 0.75(0.57,0.99) - 5
Yin 2020 9.7% 0.69(0.39,1.23) =.=r S 3
Subtotal (95% Cl) 50.0% 0.74[0.57,0.95] L 4 ,E‘ i
Heterogeneity: Chi*= 0.07, df= 1 (P = 0.80); F= 0% ° 5
Test for overall effect Z= 2.36 (P = 0.02) g’ h 1
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6.1.2 Medium MeDi Adherence 51
Gao 2007 40.3% 0.79(0.60,1.05] - S
Yin 2020 9.7% 0.70(0.39,1.24) = - 0
Subtotal (95‘% cn 1 50.0% 0.77 [0.60, 0.99] ¢ MeDi MeDi MeDi MeDi
Heterogeneity: Chi*=0.14, df=1 (P = 0.71); F= 0% Quartile1  Quartie2 Quartile3  Quartile 4
Test for overall effect Z= 2.01 (P = 0.04)
FIG. 2. Probability of Prodromal Parkinson’s Disease (PD) according to
Total (95% CI) 100.0% 0.75[0.63, 0.90] * the International Parkinson and Movement Disorders Society’s research
Heterogeneity: Chi*= 0.26, df= 3 (P = 0.97); F= 0% b o T 100 criteria, in older people by quartiles of the Mediterranean Diet score
Test for overall effect: Z= 3.08 (P = 0.002) - De&eased risk Increased risk (MeDi). Values are medians (Q1, Q3). P-value from a Kruskal-Wallis test
Test for subaroup differences: Chi*= 0.06, df= 1 (P = 0.81), F= 0% is shown. Values sharing the same superscript letter are statistically sig-

nificantly different from each other, according to post-hoc Mann Whit-
ney rank tests (Bonferonni corrected for multiple comparisons). MeDi
score ranges: Quartile 1: 17-30, Quartile 2: 31-33, Quartile 3: 34-36,
Quartile 4: 37-46.

Solch RJ, et al. J Neurol Sci. 2022;434:120166. Maraki MI, et al. Mov Disord. 2019;34(1):48-57.

BetterLives.

RESEARCH ARTICLE

Intake of Flavonoids and Flavonoid-Rich Foods and Foundation
Mortality Risk Among Individuals With
Parkinson Disease

A Prospective Cohort Study

Parkinson's

Ximyuan Zhang, BS, Samantha A. Molsberry, PhD, Tian-Shin Yeh, MD, PhD, Aedin Cassidy, PhD, Correspondence
Michael A. Schwarzschild, MD, PhD, Alberto Ascherio, MD, DrPH, and Xiang Gao, MD, PhD Dr. Gao
xxgl4@psu.edu

Nmmlag‘"' 2022;98:¢ 1064-¢1076. doi:10.1212/WNL.0000000000013275

Flavonoids - plant-derived polyphenolic molecules that are rapidly metabolized and can
cross the blood brain barrier

— Found naturally in fruits, vegetables, tea and red wine
— May reduce inflammation and atherosclerosis

Studied 1,251 people who were newly diagnosed with PD over 34 years

Found people with 1 flavonoid intakes = | risk of death in PD

PD: Parkinson’s disease
Zhang X, et al. Neurology. 2022;98(10):e1064-e1076.

BetterLives.




Relative abundance of two genera identified to be

Parkinson's
different in PwP and altered after a 5-week MediDiet Foundation
P <0.01
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Relative abundance (%) in two genera for spouses (n=8, control) and people with PD (n=8) at week 0 and MediDiet week 5

determined by stool 16s rRNA sequencing.

Values within boxes represent interquartile range (25th to 75th percentiles) with a median line (50th percentile) and mean shown as
“X". Whiskers represent minimum/maximum values and outliers are shown. Paired t-tests or nonparametric equivalent were used for

case-control and intervention comparisons.

BetterLives.

PwP: People with Parkinson’s
MediDiet: Mediterranean diet
Rusch C et al. Front Neurol 2021

Diet and the Gut-Brain Axis in Parkinson’s

Consume a diet
rich in plant
foods (e.g.,

MediDiet)

BetterLives.

Dietary fiber
intake

(25-30 g/day)

Increase
production of
beneficial
microbes and
their byproducts
(SCFAs)

Parkinson's

Foundation

Modulate
inflammation
and brain health

(??)




Leve_r?gir!g Diet _and Micrc_>biome for Precision Parkinsons
Nutrition in Parkinson’s disease Foundation

Old framework

| Target population |

A
| Dietary intervention |

A
Stool samples +
16s rRNA sequencing

y
Heterogeneous clinical
outcomes

Kolodziejczyk AA, et al. Nat Rev Microbiol. 2019 Dec;17(12):742-753.
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1. The gut microbiome and the gut-brain axis are implicated in
people with Parkinson’s disease

2. Diet (dietary fiber, pre- and probiotics and Mediterranean diet)
can shape microbial diversity and metabolic capabilities of the
gut microbiome

3. Microbial response and the gut-brain axis is host specific —
precision nutrition with Al has the potential to differentiate
responders to diet
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Questions?
Thank you!
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