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LEARNING OBJECTIVES

=T~ Recognize how protein intake interacts with levodopa absorption

Learn about nutrition & healthy eating tips in Parkinson disease (PD)

~ Understand how exercise helps mobility, balance, mood, overall
'Zv function in PD and disease progression



PARKINSON DISEASE

A | 1886 Illustration of Parkinson disease

Mild motor-predominant
Parkinson disease

Armstrong MJ, Okun MS. JAMA Neurol. 2020;77(11):1345—-1346.

Motor and nonmotor Parkinson disease symptoms

Fewer =

» More

Tremor, rigidity, bradykinesia, dystonia, and/or gait issues
Autonomic, psychiatric, and/or cognitive symptoms

Intermediate Parkinson disease

On-time

D | Diffuse malignant Parkinson disease
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Age

Median age:60

Evironment

pesticide exposure,
water pullutants, noise,
heavymetal exposure,
rural living

Lifestyle

exercise, smoking,
alcohol, consumption
of dairy products and
coffee

Wang Q, et al. Front Aging Neurosci.

2024;16:1417515.

Symptoms

* motor symptoms
* monmotor symptoms

Pathophysiologic

* a-synuclein protein
* |lysosome

* mitochondrial

* neuroinflammation

Genetics

* SNCA
* GBAl
* LRRK2
* MAPT

DISEASE
HETEROGENEITY

* Many factors can affect
phenotype, pathogenesis
and genotype of PD

*PD is highly complex
neurological syndrome
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NON-MOTOR SYMPTOMS OF PD

Cognitive impariment Visual disturbances @
F )
Depression /1
= Olfactory loss
Apathy

Anxiety / . Postprandial fullness

Hallucinations _
o Urogenifal dysfunction

Orthostatic hypotension

Sleep dysfunction Constipation

Pain

&=

Wang Q, et al. Front Aging Neurosci. 2024;16:1417515.
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MAJOR HALLMARKS OF PD A

Caudate
Striatum nucleus

Putamen

A. Degeneration of nigrostriatal
dopaminergic neurons

Nirostriatal
dopaminergic
system

Substantia
nigra

Cerebellum

B. Formation of Lewy bodies B

Sequeira L, et al. Pharmaceutics. 2024;16(6):708.
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SYMPTOMATIC MEDICAL
MANAGEMENT IN PD

Ability to participate ' *No rationale to postpone
dndecade symptomatic tx in people
* : w/ PD who develop a
I disability (LEAP study, 2019)
| * Conversely, presence of
Informed and engaged Conventional .
patients and caregivers pharmacotherapy recogrﬂzable Symptoms
. - _ w/o disability # start tx
Multidisciplinary care Device-aided therapies

Bloem BR, Okun MS, Klein C. Parkinson's disease. Lancet. 2021;397(10291):2284-2303.
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MANAGING AROUND PD MEDICATIONS

E Levodopa = most effective PD treatment, but efficacy can vary due to
> absorption

@ Dietary protein breaks down into amino acids that can compete with
levodopa at transport mechanisms in intestine & blood brain barrier

This competition may reduce levodopa’s ability to get to the brain

” COMMON Gl issues (e.g., constipation, delayed gastric emptying)
further complicate this

Rusch C, et al. NPJ Parkinsons Dis. 2023;9(1):98.



INTESTINE

Dietary
Proteins PEPT1 J
© ¢

BLOOD

BRAIN

Levodopa taken with meals

(L-DOPA)

a
b%*AT-rBAT Q LAT2-4F2hc © LAT1-4F2hc Q
L-DOPA
(LDOPA) ) <t + O < J— O <t — O
b Taken on empty stomach [
' N
> o)
0+ AT L-DOPA » (L-DOPA
< b°*AT-rBAT LAT2-4F2he -
0 * > O \s
. J O
]
' '
L-DOPA e
] <+ 7 O TAT1 LAT1-4F2hc
O O e +— O
¢ Levodopa + carbidopa or COMT inhibitor
_ AADC — COMT .
Dopamine <« ( L-DOPA ) » 3-OMD
Carbidopa Entacapone
Benserazide Opicapone

Dopamine
A

L-DOPA)

cOMT

3-OMD

Dietary Protein
Competes with
Levodopa
Absorption &
Brain Transport

Meal w/ Protein

!

Amino Acids Compete

!
Gut Absorption |

!
Less Levodopa
Reaches Brain
!
Reduced Medication
Effect

Adapted from Rusch C, et al. NPJ Parkinsons Dis. 2023;9(1):98.
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LEVODOPA & DIETARY STRATEGIES EXPLORED

Low-protein diets Limit overall protein (<0.8 g/kg/day)
Scientific evidence limited

Risk of weight loss or muscle loss

Protein Shift bulk of protein to evening meals
redistribution . .
diets Lower daytime protein

May improve medication effect in some people, but study results vary

Best practice (if Taking levodopa on empty stomach
able to tolerate
without side

~20-30 min before meals

effects) -OR- 1-2 hrs after meals
Practical Monitor weight & nutrition

considerations Adjusting levodopa timing with meals

Addressing other Gl / digestive issues

Rusch C, et al. NPJ Parkinsons Dis. 2023;9(1):98.
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Factors that

influence

pharmacokinetics

& levodopa
response

NEUROLOGICAL

- Effectiveness of Levodopa
formulations (IR, CR/ER, enteral)

- Cognitive impairment and dementia

- Mood changes (anxiety, depression)

GASTROINTESTINAL

- Nausea/early satiety

- Dysphagia

- Gastroparesis

- Constipation

- SIBO, H.pylori, T Lactobacillus
- Microbiome changes

DEMOGRAPHICS

- Age

- Age of onset
- Sex

- Ethnicity

- Comorbidities

Rusch C, et al. NPJ Parkinsons Dis. 2023;9(1):98.

- DIET & NUTRITION

- Nutrient composition of meals

- Meal size and timing

- Vitamin and mineral supplements
- Altered food preferences

NUTRITIONAL STATUS
- Tenergy expenditure

- Body weight and BMI

- Body composition

- Sarcopenia and/or malnutrition

SOCIOECONOMIC
AND GLOBAL

- Education-level
- Access to medications
- Access to healthy foods
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COMMON DIETS IN PARKINSON’S: BENEFITS & CONSIDERATIONS

Diet Type

Mediterranean Diet

MIND Diet

Ketogenic Diet

Protein-Redistribution Diet
(PRD)

Low-Protein Diet (LPD)

What to Encourage

Veggies, fruits, nuts, seeds,
fish, olive oil, whole grains,
poultry, legumes

Mediterranean-style diet
emphasizing leafy greens &
berries, seafood, olive oil,
whole grains, poultry

High-fat, low-carbohydrate

Limit protein earlier in day,
more at dinner

Overall low protein intake

Possible Benefits

Linked with reduced
symptoms, better gut health,
may slow progression

Associated with lower PD
risk, slower progression

Some studies show motor &
non-motor symptom
improvements

May reduce motor
fluctuations and improve
levodopa effect

Some small benefits, but risk
of weight/muscle loss

Notes for
Patients/Caregivers

Encourages whole,
unprocessed foods; limit
sweets, soda, fried foods

Limit red meat, butter, refined
grains, sweets, soda

Requires medical oversight;
not suitable for everyone

Monitor nutrition and weight;
partner with clinician

Not generally recommended
without supervision

Adapted from Tosefsky KN, et al. J Parkinsons Dis. 2024;14(s1):S21-S34.
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SUPPLEMENTS & NUTRITION SUPPORT

- Helpful / often recommended especially if deficient levels
* Vitamins B12, folate, D; Calcium — Supports brain, bone
 +/- Magnesium (sleep; muscle cramps; constipation)
- Melatonin (sleep)

« Uncertain / limited evidence
« Antioxidants: Vitamin C & E, CoQ10
« Alternative food sources of Vit E: whole grains, nuts, avocado, vegetable oils
» Others: Creatine, Glutathione, Green tea polyphenols, Ginkgo, Lion’s Mane

 Use caution / avoid
« Lithium, IV Glutathione, high-dose B6
* Herbal products (e.g., St. John’s Wort for mood)
- A Potential drug interactions (e.g., rasagiline/selegiline, antidepressants)

Tosefsky KN, et al. J Parkinsons Dis. 2024;14(s1):S21-S34.
parkinson.org/living-with-parkinsons/treatment/over-the-counter-complementary-therapies
michaeljfox.org/news/six-common-questions-about-supplements-and-parkinsons

Boost Your Vit B12 & 6 Intake
-@ Yy Beef, chicken, turkey
@1 Fish: salmon, tuna
-(J Dairy: milk, cheese, yogurt
-0 Eggs
P Leafy Greens: spinach, kale
- Fortified cereals & whole grains

Boost Your Vit D Intake
{3 Sunlight
+{J Fortified Foods: milk, margarine,
cereals
@1 Fatty Fish: salmon, fish liver oils

() Eggs

Boost Your Calcium Intake
@ Fortified Orange Juice
C3 Fortified Plant Milks: add to cereal,
smoothies, cooking
Q Calcium-Fortified Foods: breakfast
cereals, snacks
® cCalcium Supplements: calcium citrate
¢® Chewable Tablets: better absorption
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MUCUNA PRURIENS & PD

What is it?  Natural plant containing levodopa

« May improve motor symptoms

POtentia| benefits « Some studies showed faster onset

» Possible antioxidant properties (still being studied)

Unregulated = Inconsistent levodopa amount; No standard dose
Potential for more side effects (nausea, Gl upset)
Potentially less well tolerated with long-term use

Limitations & Risks

Key difference form
standard therapy

Lacks carbidopa

* Investigate before deciding if this natural remedy is right for you

BOttom |ine  Caution, as with any medication

« Talk to your doctor before considering

Hammoud F, et al. Parkinsons Dis. 2025;2025:1319419.
apdaparkinson.org/article/mucuna-pruriens-for-parkinsons-disease/ ©2026 Mayo Foundation for Medical Education and R
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Future perspectives: NEED MORE high-quality randomized controlled
dietary intervention trials in PD

( Exacerbates { ( By h Potential effect on
« Risk of PD
Symptoms Potential « Age of Onset
interacting with Pathophysiology - Disease progression
nutrition « Mortality
Neurodegeneration « Symptomatic
- Hyposmia =1 Energy metabolism management /. \
R;duc.d Hypogeusia (i R Oxidative Stress « Undertying * Vegetables
e uality s ia e 2 Neuroinflammation Pathopysiology + Fruits
of Life ::e:::g £ « Whole Grains
« Nut
Rigidity Blood-Brain MeDi Diets it
ok s + Legumes
Bradykinesia v « Unsaturated
XT: red | Delayed Systemic Inflammatio Diet Pattern geta _
- e <l ystem ammation S « Fish
Intake gastric & Synucleinopathy ! VGVQQJ:,“, D: Products
Mainutrition emptying Food Choices : Pourlytry
~ Constipation ') High AHEI Diets |, gayrated Fatty
Cognitive 'S Acids
decline Increased Permeability Keto Diets . Fried foods
ICDs LAY 1 Lt Intestinal Inflammation Processed
Depression | = oo Others . foods
1 + Red Meat
Expenditure  Dyskinesias e
Gut Dysbiosis Impact food choices
S Socioeconomic Factors

Reduced food availability and accessibility

Tosefsky KN, et al. J Parkinsons Dis. 2024;14(s1):S21-S34.
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OVER-THE-COUNTER SUPPLEMENTS:
GENERAL PRINCIPLES

Supplements may support overall health, BUT not a cure or
replacement for proven PD therapies

Over-the-counter meds can have side effects, high $$$, potential
Interactions with other drugs

Check with your doctor before starting anything new

Remember: most herbs/supplements have not been rigorously
studied; not strictly regulated by FDA

Focus on diet, exercise & lifestyle, first and foremost

©2026 Mayo Foundation for Medical Education and R
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PHYSICAL ACTIVITY /| EXERCISE

ABSOLUTELY CRITICAL!




EXERCISE IS NEUROPROTECTIVE

PHYSICAL PRIMARY BENEFIT AND SYSTEMATIC UNDERSTANDING-
ACTIVITY IMPACT FROM EXERCISE NEUROPROTECTION OF THE BRAIN

EXERCISE EXERKINES PHYSIOLOGY | BRAIN HEALTH  MENTAL HEALTH
Aerobic Exercise Signaling tinsulin sensiti= | IMPROVED IMPROVED

and Resistance substances vity,| adiposity, Parkinson'’s disease Anxiety
Training; released from tcardiopulmo- Alzheimer's disease Cognition

performed organs and nary output other ND disorders Depression
individually or tissues due to and brain O,, TBI and cerebro- Mood

combined exercise Tmuscle Akt vascular disorders PTSD

ADVANCED AGING
ENVIRONMENTAL TOXIN

GENETIC

IMMUNE SYSTEM DYSFUNCTION,
INCLUDING AUTOIMMUNE DISEASE
INTRACELLULAR PROTEIN DENATURATION
AND AGGREGATION
NEUROINFLAMMATION

OXIDATIVE STRESS

REDUCTION IN MITOCHONDRIAL
ACTIVITY

STRESS/DEATH OF DOPAMINERGIC
Mitchell AK, et al. Exercise, Neuroprotective Exerkines, and Parkinson’s B o T

. . . , THE LOSS OF THE MAIN SOURCE OF
Disease: A Narrative Review. Biomolecules. 2024; 14(10) 1241. DOPAMINE IN THE CNS ©2026 Mayo Foundation for Medical Education and Research | slide-20




BPnd Substantia Nigra

0.7

o
o

o
wn

o
~

Baseline

Post-Exercise
3.0

Pre-exercise

Post-exercise

1.0

0.5

DOPAMINE
TRANSPORTER LEVELS
PRE- AND POST-
EXERCISE

de Laat, B et al. npj Parkinsons Dis. 10, 34 (2024).
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A. Physical activity-related cortical

meta-ROI (thickness)

5.00 A

PASE total score

4.25 A

C. Hippocampus (volume)

2,500+

2,000+

PASE total score

1,500+

1

2

Follow-up (years)

il
?

~ of

3

2

3
Follow-up (years)

B. Amygdala (volume)

1,100 ~

—

o

o

o
1

900 ~

PASE total score

800 -

700 -

Follow-up (years)

- PD-PA High
-o—- PD-PA Low

PASE = Physical Activity Scale for Elderly

Diaz-Galvan P, et al. Neurology. 2026;106(4):€214455.

MRI-BASED EVIDENCE OF
REGULAR PHYSICAL
ACTIVITY'S IMPACT ON
BRAIN NETWORKS FOR
MODIFYING DISEASE
COURSES IN PD
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Parkinson'sisa
progressive disease of the
nervous system marked
by tremor, stiffness, slow
movement and balance
problems.

Exercise and physical activity canimprove many
motor and non-motor Parkinson’s symptoms:

PARKINSON'S DISEASE EXERCISE PYRAMID*

Frequency per Week (days);
Intensity (% HR, ., or % max effort)

Representative Types of
Exercise, Activity, and Therapy

Exercises for reducing muscle rigidity: stretching
and flexibility exercises are usually designed by a
PT for specific muscle stiffness

Daily (potentially multiple times per
day); beneficial in all PD stages

Workout alone/group with PT trained

3 days; choose the exercise
for PD: PWR!Moves®, Dance for PD,

3days/week for at least 23non-consecutivedays/  2-3days/week with daily >2-3days/week with daily program(s) you enjoy; this is : ; .

30 mins per session of week for atleast30minsper  integrationif possible being most effective heloful i Il PD st chk S.teady Boxing, Norc.ilc Walking,

continuousorintermittentat  sessionof 10-15repsformaior  yypg: Multi-directional TYPE: Sustained stretching elprul in a stages Tai-Chi, yoga, golf, and pickleball

moderate to vigorous intensity  muscle groups; resistance, stepping, weight shifting, with deep breathing or

TYPE: Continuous, rhythmic speed or power focus dynamic balance activities, dynamic stretching before 2 days; 3 sets Of 10 S

activities such as brisk TYPE: Major musclegroups  large movements, multitasking ~ exercise e en ooaltorech Involve major muscle groups

walking, running, cycling, of upper/lower extremities suchasyoga, tai chi,dance, CONSIDERATIONS: P L ? fort: using weight machines,

moo,,smmmmwmomo"smc P i e ron bocox,m;meamom it iyt SY et I i bodyweight devices, and
by Ku&"&ﬁfmm = scaery et high value exercise resistance bands

concernsdue to risks of iah ioh concerns with cognitive and and pain.

freezing of gait, low blood weights or body weight balance problems. Hold on to

pressure, blunted heart rate CONSIDERATIONS: Muscle  something stable as needed.

response. Supervisionmaybe  stiffness or posturalinstability  Supervision may be required. 3 dayS; goal to S e

required. may hinder full range of motion. reach 60—85%

large muscle for
walking, running,
cycling, rowing

HRmax; high
value exercise

*Pyramid Design by PresentationGO.com

See aphysical therapist
specializing in Parkinson's for
full functional evaluation and
recommendations

Safety first: Exercise during
on periods, when taking
medication. If not safe to
exercise on your own, have
someone with you.

It'simportant to modify and
progress your exercise
routine over time.

- v

Participate in 150 minutes
of moderate-to-vigorous
exercise per week.

Mitchell AK, et al. Exercise, Neuroprotective Exerkines, and Parkinson’s
Disease: A Narrative Review. Biomolecules. 2024; 14(10):1241.

Parkinson's
Foundation

§
_l LEADING THE WAY

Helpline: 800.473.4636/Parkinson.org
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EXERCISE AS MEDICINE - ONGOING RESEARCH

* Evaluate exercise effects with non-motor symptoms as primary endpoint (e.g., fatigue, cognition)

* Head-to-head, dose-response, and time course of action studies comparing exercise modalities

« Identify optimal exercise-based treatments of core-symptoms (e.g., tremor, bradykinesia)

* Improve precision rehabilitation by identification of (non)responders * Implement early

* Expand knowledge of effects of “other” exercise modalities SXERchs reatment

* Support to ensure
long-term exercise
* Head-to-head and dose-response studies comparing exercise modalities adherence

* Long-term physical activity (objectively assessed) effects on disease progression

SECONDARY * Large long-term exercise studies evaluating disease progression
* Evaluate cost-
* Inclusion of robust imaging methods and biomarkers of neuroplasticity effectiveness of

b : o - exercise
* Apply objective and quantifiable assessments of physical activity
PRIMARY * Intervention studies promoting exercise and Vphy'si'cal activity * Joint collaborative
R * Investigate potential superiority of specific exercise modalities approach to address

" N research challenges
* Further investigations in women &
* Improve understanding of neuroprotective/-regenerative mechanisms of exercise
* Translate animal exercise findings to human pathology

* Identify solid, objective, and easily accessible biomarkers of disease progression

Langeskov-Christensen M, et al. 2024;95(11):1077-1088.
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ROLE OF LIFESTYLE INTERVENTIONS IN PD MANAGEMENT

A B
Parkinson’s

Parkinson’s disease
disease

Conventional medical

management

! . .
Faster disease Possible disease
v v modification

progression

N

Motor disability «¢—| Progression |g-------------s Motor disability o | Progression |g----------enues
« Shuffling gait : « Shuffling gait & ;
« Freezing : « Freezing
» Postural instability : « Postural instability :

Symptomatic ' Symptomatic

worsening worsening

Non-motor disability
» Depression

Non-motor disability
+ Depression

Suboptimal lifestyle Healthier lifestyle

« Apathy
« Fatigue

» Apathy
« Fatigue

S 2 ]

» Executive dysfunction

Poor compliance

Trinh J, et al. Lancet Neurol. 2026;25(1):90-102.

» Executive dysfunction

Improved ability to
adhere to advice
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Physical activity

+ o Moderate to vigorous activity
¢ Physiotherapy

¢ PD-specific or individual

22 exercises?
Nutrition L@ Stress management
“ X
’ M,
i
%

¢ Mindfulness
Mediterranean/MIND diet . » Compassionate mind

Parkinson's Disease

Unprocessed food training

Prebiotics/fibers
Probiotics e Other/PD-specific
Supplements (e.g. fish oil) programs?
¢ PD-specific or individual
diets?

Risk Dlagn03|s Progression

Sleep Prevention Social interaction
/ Primary Secondary Tertiary > \

<
= :» S A

(]

) (—)
[ ®

Yy

SuR, P, et al. J Neural Transm 133, 279-295 (2026). Cessation of substance use
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CONCLUSIONS

Lifestyle matters: exercise, nutrition, smart supplement use support living well with PD

Exercise is ESSENTIAL: one of the most effective non-drug therapies

Nutrition supports energy, weight, medication efficacy

Be cautious with supplements: “natural” doesn’t always mean safe or effective

Work with your care team to personalize your plan
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