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«L ifespan»
the duration of an n d 1 v lifadfrom birth ®© death

«Healthspan»
healthylifespanor healthylongevity

«Healthy longevity»
Yearsof goodhealthapproachhebiologicallife span with physical

cognitive,andsocialfunctioningthatenablewell-being>

«Healthy aging»
Maintenancef physical mental andcognitivehealthasindividualsgrow

older, while preventingor delayingthe onsetof frailty in elderlyindividuals



11 million premature deathsper year were attributable to unhealthy dietary factors
including high sodium and trans-fat, and lowfruits , vegetables nuts, and omeges fatty
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255million DALYs per year were attributable to unhealthy dietary factors including
high sodiumand trans-fat, and lowfruits , vegetables nuts, and omegea3 fatty acids
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Dietary restriction (DR) without malnutrition
remains the most robust non-genetic
intervention to date that can maximize lifespan

and healthspan in rodents.
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Dietary restriction increases healthy lifespan in diverse singlecelled,
invertebrate and vertebrateanimals.
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The Impact of DR

M O I e C u I ar m e C h an IS m S Of Body Weight Cardiovascular Neurodegenerative Longevity and

and Metabolism Disease Disease Healthspan

dietary restriction promoting | , .
. - Body Weight Atherosclerosis Memory Lifespan
h e alth an d I O n g eVIty | p: Fat Mass Cardiomyopathy Cognitive Function Inflammatory Markers

Kidney Function

Insulin Sensitivity Blood Pressure Amyloid deposition Saheae G datEk

Body Weight Cardiac Dysfunction  Neuronal Survival Lifespan
Fat Mass Cardiomyopathy Brain lesions SUSEnEao
DIETARY ’ EXTENDED bsiilis Saemitivic Aoloiid Rion® Kidney Failure
Faddaihis nsulin Sensitivi myloid deposition
RESTRICTION LIFESPAN ¥l  Blood Pressure y P Cancer incidence
Protein * ¥
restriction - 7_ Body Weight Atherosclerosis* Memory Lifespan
= ; : Neuronal Survival Autoimmune disease
. - Fat Mass Cardiomyopathy “
1 Amino acids SAM Cognitive Function®  Kidney disease

| Glucose —PHAJ g —>= . fessd
Methionine, BCAAs Insulin Sensitivity Blood Pressure Amyloid deposition”  Cancer incidence

- elF2a
, __Rag-GATOR *
pathway

1 - 1ATES ~ L Protein synthesis
I mTORC1 | - :
T mTORC2 TsC—p  Recruitmentto e R
lysosome & GTP/GDP (izRkosmalibipgenests
binding of Rheb

1l
LI

1 FOXO0 L. Fontana, NaRev Mol Cell Biol . 2022

-



CALERIE trial:Comprehensivéssessmentf Longterm Effectsof Reducingntakeof Energy

@ 0909 CALERIE Phase 2 Energy Intake Body Weight
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Inbred strains,
minimal genetic
variabllity

Higher metabolic
rate

Standardized,
purified diets

CR started early
in life

Generally lean,
low body fat

Large magnitude
of restriction
(30-60%)

Lower baseline
inflammation;
shorter lifespan

Longevity as primary
endpoint

GENETIC
DIVERSITY

SPECIES-SPECIFIC
METABOLISM

DIET
COMPOSITION

TIMING AND
DURATION

BODY
COMPOSITION

MAGNITUDE OF
RESTRICTION

INFLAMMATION
& STRESS

OUTCOME
ASSESSMENT

Outbred population,
high genetic
heterogeneity

Lower metabolic
rate

Complex, varied
diets; different
nutrient sensing

CR rarely started
early; adherence
difficult long-term

Wide variation in
adiposity; obesity
common

Large restriction
not feasible
or safe

Higher baseline
inflammation;
chronic stressors

Focus on healthspan,
disease risk,
quality of life



TRAIETTORIA CUMULATIVA DEL PESO NEL TEMPO

5. TRAIETTORIE DI PESO NEL CORSO DELLA VITA 1. QUANTO PESO IN PIU AUMENTA IL RISCHIO?
Dati epidemiologici negli adulti
Aumento marcato
di peso :
Incremento di peso
Sc""';"”’t“" dall'eta giovane-adulta Impsto stk rtschio
2:: :::: + 5 k Aumento significativo del rischio di: t
Perdita di peso g ﬁ « Diabete tipo 2
moderata * Ipertensione
Basso peso « Sindrome metabolica
T T T T > nel tempo
2 * < ® o s, i +10 kg Rischio nettamente pii marcato
per malattie cardiometaboliche

| Trai20 ei 50 anni & associato a
A BMI 2 5 kg/ m? ~ forte incremento di mortalita I ' t
e malattie cardiovascolari.



Change inmortality risk associated with increments of calorie intake from specific
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Increment of energy from specific type of fat, %
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La sostituzione del 5%

T JGOGkIJUI DR¢ WI ¢
con la stessa energia da

MUFA e PUFAera associato
rispettivamente a una

riduzione del27% e del 15%

del rischio di mortalita.

La sostituzione del 5% delle
calorie da grassi saturi con
MUFA, PUFA o cereali
integrali era associata
rispettivamente ad una
riduzione del rischio di
cardiopatia coronarica del
25%, 15%, 9%

Advancedan Nutrition, 2019



Dietary carbohydrate intake and mortality : a
prospective cohort study and meta -analysis

15 428adults aged45164 years, 25 y followup

Study

HR (95% Cl)

Low-to-moderate carbohydrate consumption
Low-to-moderate carbohydrate consumption
Low-to-moderate carbohydrate consumption
Low-to-moderate carbohydrate consumption
Moderate-to-high carbohydrate consumption

Meta-analysis (pooled result)

Low-to-moderate carbohydrate consumption
Low-to-moderate carbohydrate consumption
Low-to-moderate carbohydrate consumption
Low-to-moderate carbohydrate consumption
Moderate-to-high carbohydrate consumption

Meta-analysis (pooled result)

Association between diets that substitute carbohydrates for
animal-based or plant-based protein and fat with mortality

in multiple cohort studies

Substitution of carbohydrate for animal protein and fat

Fung et al° (HPFS)
Fung et al®° (NHS)
ARIC

Combined low-to-moderate cohorts

Nakamura et al*

Substitution of carbohydrate for plant protein and fat

Fung et al® (HPFS)
Fung et al® (NHS)
ARIC

Combined low-to-moderate cohorts

Nakamura et al*

1:31(119-1-44)
117 (1-08-1-26)
120 (1-09-132)
122 (1-14-1-31)
1-00 (0-87-1-19)

118 (1-08-1-29);
p<0-0001

0-81 (0-74-0-89)
0-79 (0-73-0-85)
0-86 (0-75-0-99)
0-81 (0-76-0-85)
0-92 (0-80-1-09)

0-82 (0.78-0-87);

p<0-0001

— ARIC [195%Cl
174 — PURE [ 95%Cl

1-6

Hazard ratio

U-shaped association between percentage of energy
from carbohydrate and all-cause mortality in the ARIC
and PUREcohort studies

Lancet 2018




Dietary Carbohydrate Intake, Carbohydrate Quality, and Healthy Aging in Women
Nurses' Health Study

1. STUDY DESIGN

Jama 2023

2. DEFINITION OF HEALTHY AGING 3. CARBOHYDRATE QUALITY SCORE (CQS)

with good cognitive,
physical, and mental function

5. CARBOHYDRATE QUALITY AND HEALTHY AGING
Multivariable HR (95% CI) across quintiles of CQS

. Prospective cohort study Surviva.l to 270 years of age apd free of
=Y Nurses’ Health Study (NHS) 1 n:ufuor chror?lcldiseases. wntt; mtaf:t
cognitive, physical, and mental function Higher CQS (better quality) Lower CQS (poorer quality)
o .‘ 47,513 women
o Age70.424.0yin 1984 CORNITIVE PRTERICAL & Whole grains € Refined grains
No impairment No major mobility
. Dietary assessment Fass) limitations @ Fruits € Potatoes
Every 4 years by validated ® & Vegetables
FFQ (1984-2016) ’ €) Sugar-sweetened beverages
@& Legumes
. € Fruit juice
@ Follow-up HEALTHY & Low-fat dairy
Up to 34 years i Red and processed meats
(until 2016) AGING @ Dietary fiber o P
MENTAL SURVIVAL & Nuts € Sodium
(C)/’ Outcome: Healthy aging No depressive Survival to @ PUFA : SFA ratio
Survival to =270 y without symptoms 270 years
11 major chronic diseases, (CES-D < 16)

CQS derived from principal component analysis
of 15 carbohydrate-related food groups.

6. INDIVIDUAL CARBOHYDRATE COMPONENTS AND HEALTHY AGING

Multivariable HR (95% CI) per 1-SD increase

€Qs Quintiles HR (95% CI) Higher intake associated with higher likelihood Higher intake associated with lower likelihood
Whole grains 1.21 (1.15-1.28) Refined grains @ 0.87 (0.83-0.82)
Q1 (Lowest) AT 1.00 (ref) =]
; G s 5
Fruits 1.19(1.13-1.26) b:e::a;::etened - 0.71 (0.66-0.76)
Q2 22 1.26 (1.08-1.47) —a— Higher Vegetables 1.13(1.07-1.20)
cQs Lagumes 1.23 (1.15-1.32) Fruit juice - 0.88 (0.82-0.84)
¥ .25-1. i Red & d
Q3 23 | 146(125-17) = sssociated Nuts 1.17 (1.08-1.27) e s . 0.90 (0.85-0.96)
with greater )
Q4 a3 1.72 (1.46-2.02) . likelihood Dietary fiber 1.10(1.04-1.17) Sodium . 0.93 (0.88-0.99)
of healthy Low-fat dairy 1.07 (1.01-1.13) Potatoes @ - 0.95 (0.90-1.00)
QS (Highest) as 2.06 (1.75-2.42) t = 4 £
aging
] i T T il L f T o | r T 1
0.5 1.0 1.5 20 2.5 3.0 0.5 1.0 15 0.5 1.0 1.5

Hazard Ratio (95% CI) Hazard Ratio (95% CI) Hazard Ratio (95% Cl)



Prospective cohort study

of sugar-sweetened beverages (SSB) was associated with:

Nurses’ Health Study (women)
Health Professionals Follow-Up Study (men)

118,459 US adults
(74,276 women; 44,183 men)

Dietary assessment every 4 years
(1986-2010)

Follow-up up to 34 years
(through 2014)

Outcomes: All-cause mortality and
cause-specific mortality

fgh

Long -Term
Consumption
Sweetened and
Artificially Sweetened
Beverages and Risk of
Mortality in US Adults ,
Circulation 2019

Each additional serving per day

ALL-CAUSE MORTALITY

+7%

higher risk

(HR 1.07; 95% CI 1.05-1.09)

of Sugar -

CARDIOVASCULAR MORTALITY

+10%

(HR 1.10; 95% ClI 1.07-1.13)

1. EARLY
EFFECTS
(Short term)

2. INTERMEDIATE
MECHANISMS
(Weeks-Years)

1.8

higher risk

Hazard Ratio (95% Cl)

@@® Associations were independent of age, BMI, lifestyle factors, 0.8
medical history, and total energy intake.

2.0

All-cause mortality

P for trend <0.001

1.61

T

2-6/week

1-<2/day

22/day

High glycemic load

Rapid glucose
absorption

<1/month 1-4/month
(ref) .
Sugar-sweetened beverages intake
SUGAR-SWEETENED BEVERAGES (SSB)
High intake (e.g., 21 serving/day)
L 2 v v v v v
Fructose excess Excess energy intake Gut microbiota Advanced glycation Uric acid
Hepatic fructose (liquid calories) alteration end products (AGEs) production
metabolism Low satiety Dysbiosis T Protein/lipid Purine degradation
1 De novo lipogenesis 4 glycation (L

1 Postprandial

1 Triglycerides
glucose & insulin

1 Uric acid production

. .

Hepatic steatosis
(NAFLD)
Dyslipidemia

T Insulin secretion
Insulin resistance
B-cell dysfunction

1 Total energy intake
Positive energy balance

|

Weight gain
T Visceral adiposity
1 Leptin
4 Adiponectin

7777777777777777777777777777 oo e

3. PATHOPHYSIOLOGIC
OUTCOMES
(Long term)

4. MAJOR CLINICAL

Ath Ot i
9

1 VLDL-TG, { HDL-C
Small dense LDL

Glucose intolerance
Type 2 diabetes

Metabolic syndrome
Adipose tissue dysfunction
Chronic low-grade
inflammation

1 SCFA production
T Endotoxemia (LPS)

|

Endotoxemia (LPS)

1 Systemic inflammation
(CRP, IL-6, TNF-a)
Immune activation

|

Chronic inflammation
Immune dysregulation

1 Oxidative stress

l

Oxidative stress
Endothelial dysfunction
Vascular inflammation

!

Endothelial dysfunction
Arterial stiffness

Prothrombotic state

1 Serum uric acid

.

Endothelial dysfunction

Renal microvascular
damage

1 Blood pressure

|

Hypertension
Chronic kidney disease

CARDIOVASCULAR DISEASE

METABOLIC DISEASE

CANCER

+ Colorectal cancer
* Postmenopausal breast cancer
« Other obesity-related cancers

Coronary heart disease
Heart failure

Stroke

Atrial fibrillation

* Type 2 diabetes
* NAFLD/NASH
« Chronic kidney disease

|

INCREASED ALL-CAUSE MORTALITY

OUTCOMES

—— Established pathway ‘
----- ¥ Contributory/indirect pathway |

5. FINAL OUTCOME

+7% per additional serving/day of SSB
(HR 1.07; 95% CI 1.05-1.09) e




|I|¢

&

Pl @ @

Protein Quantity and Source, Fasting

J IGF-1 signaling
J mTOR activity

Reduced anabolic signaling
associated with aging

T Autophagy and
cellular stress resistance

T AMPK, T FOXO

Improved cellular maintenance
and proteostasis

J Cancer risk

Reduced tumor growth
in animal models

Improved metabolic health
J Insulin resistance

4 Adiposity

4 Inflammation

Protection vs. metabolic
diseases in animal models

Longevity pathways activated
Sirtuins, AMPK, autophagy,
stress resistance pathways
Extended lifespan in multiple
species (yeast, rodents)

Model Organism

—
@ Yeast

a C. elegans

D. melanogaster

Mouse

N
A

Humans

Intervention

- Mimicking

Healthspan

Diets, and Longevity

Age-related disease

Longevity

Low-protein diets NA NA NA
Plant-protein-based diets NA NA NA
Fasting NA NA 4
Fasting-mimicking diets NA NA NA
Low-protein diets NA NA 4
Plant-protein-based diets NA NA NA
Fasting NA NA 4
Fasting—mimicking diets NA NA NA
Low-protein diets NA NA 4
Plant-protein-based diets NA NA NA
Fasting NA NA 4
Fasting-mimicking diets NA NA NA
Low-protein diets 4 v 4
Plant-protein-based diets unknown unknown unknown

Fasting
Fasting-mimicking diets

t
)

v
\4

> == >

Low-protein diets 4  /

Plant-protein-based diets * ¥

Fasting unknown unknown unknown
Fasting-mimicking diets unknown unknown unknown
Low-protein diets f v unknown
Plant-protein-based diets f ¥ unknown
Fasting f ¥ unknown
Fasting-mimicking diets unknown unknown unknown

Brandhorst S, Longo VD. Adv Nutr. 2019;




AGE-DEPENDENT TRADE-OFF

The effects of protein restriction depend on
age and physiological context.

RISKS / LIMITATIONS

(from excessive protein restriction)

N

KEY CONCEPT

Moderate protein restriction in midlife
may support longevity pathways,
whereas higher protein intake in older age
may be necessary to preserve muscle
and functional health.

AGE CONTEXT MATTERS

.i‘ MIDLIFE
and methionine)

v LIGF-1, L mTOR
v Metabolic benefits

v Potential longevity promotion

(approx. 20-60 y)
B
Moderate protein reduction
(especially from animal sources

and leucine)

OLDER AGE
(>60-65 y)

v Preserves muscle mass
v Reduces frailty and disability

v Supports physical function
and survival

GOAL: Balance longevity pathways

| with preservation of muscle and function.

—h

Adequate to higher protein intake
(especially high-quality protein

From Brandhorst S, Longo VD. Adv Nutr. 2019.

Sarcopenia
4 Muscle mass
Jd Muscle strength

Increased frailty risk

Low protein intake
associated with frailty

Functional decline

4 Physical performance
1 Mobility

Bone health

Potential negative impact
on bone mass

Impaired immunity
and wound healing

Inadequate protein may
compromise immune
function and repair

Particularly in
older adults and
during illness

or stress

Higher risk of
frailty in older
populations

Greater risk of
disability and
loss of
independence

Risk of osteoporosis
if chronic low
protein intake

Relevant in
elderly and
clinical
conditions



Dietary patterns

em
“‘Ib

Mid-adulthood (<60 years)

Young-older adulthood (60-70 years)

Few prospective observational studies

Some evidence for benefits of higher quality diets
for physical performance decades later

More evidence available from prospective studies

Good evidence of links between habitual diets of
higher quality and better muscle strength and
physical performance at follow-up

Whole foods

o

‘!@D

Modest evidence for benefits of higher intake of
fruits and vegetables for later physical
performance

Some evidence of benefits of higher intake of fruits
and vegetables for later physical performance

Mixed evidence for animal protein foods; potential
harmful effects of processed meats

Nutrients
Protein
Vitamin D
Antioxidants
Minerals

0 i

NN NoH

NH;

Some evidence of benefits of protein
supplementation but only when combined with
exercise training

Inconsistent evidence for vitamin D

Very limited evidence for antioxidant nutrients

Higher habitual protein intakes not shown to slow
declines in muscle function in prospective studies

Limited evidence for benefits of protein
supplementation when combined with exercise
training, but not protein alone

Evidence from
prospective
studies and
Intervention trials
for the effects of
nutrition in mid -
and young-older
adulthood (<70y)
on later muscle
mass, function ,
and physical
performance.

Robinson AJCN 2023



nature medicine 2025

Optimal dietary patterns for healthy aging

Fruit -

Mono-unsaturated fatty acid:saturated fatty acid ratio -
Whole grains -

Vegetables -

Added unsaturated fat -
Leafy-green vegetables -
Muts -

MNuts and legumes -
Dark-yvellow vegetables -
Vegetable oils -

Berries -

Yogurt -

Low-fat dairy -

Olive ail -

Other vegetables -
Long-chain n-3 (omega-3) polyunsaturated fatty acids -
Palyurnsaturated fatty acids -
Beans -

Tomatoes -

Coffee and tea -

Wine -

Fruit juices -

Total dairy -

Coffes -

Legumes -

Tea -

Say

Fish and seafood -

Fast and fried foods -

% ¥ F % % * * ¥ * ¥ % % % % % *x % * * *- Healthy aging

a—a—4—4—4—*a—st-4—-1-4-::—:—x—Jc-lc-sc-st‘x—!—**—lhtm‘:tm}ghitivefumtinh

+ %

* % Ok Ok k% % % % % % % % * % * * % *-[ntact physicalfunction

¥ ¥ ¥ ¥ F F & # * ¥ ¥ ¥ ¥ ¥ *# * * * #-Intact mental health

* W*

*® o * W @

% % # #% # * * #* * # * #* #-Freefromchronic disease

* *

*F W * * * * #*

# % F % F % F & % ¥ * F * ¥ * % % % % * #* * *- Survived to 70 years of age

* W

Beer

Eags

Animal fat

Cheese

Pizza

Butter

Total alcohol

Potatoes

Sugar-sweetened beverages and fruit juices
High-fat and regular-fat dairy
Snacks

Poultry

Sweets and desserts

Refined grains

Starchy vegetables
Sugar-sweetened beverages
Liquor

Low-energy beverages
Added sugar and fruit juices
French fries

Organ meats

Miscellaneous animal-based foods
Creamy soup

Added saturated fatty acids and trans fats
Unprocessed red meat
Margarine

Butter and margarine
Processed meat

Red and processed meats
Sodium

Total meats

Trans fats

- * *
- *
- *
- *
- * *
= #* *
= %* *
= #* *
- & * * *
- % * #* *
- % *
- % * * *
- % *
= % * * %*
= % * #* *
- % * * *
- % * * *
- % * #* *
- % * * *
- % * #* *
- & * %* *
- % * * *

* * * *
- & * * *
- % * #* *
- % * * *
- % * % *
- % * * *
- % * * *
- & * * *

* * * *
= -

B
0.52 100

*

* F F # F F F #*+ *+ * F F F ¥ * F F * * * #

1.82

* # * &

* #* * * * * F F * * F * F * * F * *



Key dietary components and healthy aging*

Plant foods are strongly associated
with higher odds of healthy aging
NHS (n=70,823)

(high vs. low)

OR (95% CI)
Green leafy vegetables
(high vs. low) —— 1.46 (1.26-1.68)
Other vegetables
(high vs. low) ¢ 1.23 (1.09-1.40)
Whole fruits
(high vs. low) —— 1.39 (1.22-1.58)

——t 1.27 (1.07-1.51)

—— 1.30 (1.10-1.54)

(high vs. low)

r T L

0.5 1.0 1.5 20

> -t
>

Higher odds

Lower odds

High vs. low = highest vs. lowest quintile of intake
Adjusted for demographics and lifestyle factors.

Red and processed meat are
associated with lower odds
NHS (n=70,823)

OR (95% CI)
Red meat
(high v low) —— 0.75 (0.66-0.86)
Processed meat
(high vs. low) e 0.62 (0.54-0.71)
0.25 0.50 1.00 2.00
Lower odds Higher odds

Zhong VW, et al. JAMA Intern Med. 2020;180(10):1455-1463.

Healthy dietary patterns are associated
with lower mortality

Example: Alternate Healthy Eating Index (AHEI)
(Highest vs. lowest quintile)

Total Mortality CVD Mortality Cancer Mortality
NHS (n=105,015) NHS (n=105,015) NHS (n=105,015)
HR (95% CI)
4 . 066 —— . 065 - 077
(0.60-0.73) (0.53-0.80) (0.66-0.90)

T

025 050 100 200 0.25 050 100 200 025 050 1.00 200

- — —

Lower risk Higher risk Lower risk Higher risk Lower risk Higher risk

Dietary pattern

Mediterranean Diet

DASH Diet

hPDI (Healthy Plant-based Diet Index)
AHEI

Adjusted for age, energy intake, BMI, smoking, physical activity, alcohol, and other

lifestyle factors.

Associations with total mortality (Highest vs. lowest quintile)

NHS
HR (95% ClI)

0.73 (0.65-0.82)
0.75 (0.67-0.85)
0.69 (0.61-0.77)
0.66 (0.60-0.73)

HPFS
HR (95% CI)

0.74 (0.63-0.88)
0.78 (0.66-0.93)
0.72 (0.61-0.85)
0.71 (0.62-0.82)

Hu FB, et al. JAMA. 2013;309(20):2170-2184. Li Y, et al. JAMA Intern Med. 2020;180(5):727-738.



EAT-Lancet and plant -based diets, plasma metabolomic signatures, and biological aging
A prospective analysis in the UK Biobank

Diet is a key modifiable factor of

BACKGROUND |
human aging. The EAT-Lancet diet
\
\
|

METHODS

Dietary assessment

* Food frequency questionnaire

(EAT-LD) is a reference healthy and UK Biobank

sustainable dietary pattern, but its (2006-2010) Dietary patterns

association with biological aging * EAT-Lancet diet (EAT-LD) score
and underlying metabolic pathways N =49,513 (higher = greater adherence)
remains unclear. participants of * Plant-based diet indices:

AM Europeanancestry | _ icaihy plant-based (hPDI)

To examine the association of
EAT-Lancet and plant-based diets
with biological aging and to explore
the role of plasma metabolomic

= Less healthy plant-based (uPDI)

Statistical analysis

RESULTS - OVERVIEW

Outcomes
+ PhenoAge acceleration Higher adherenceto | Healthier plant-based Less healthy
+ KDM Biological Age acceleration EAT-Lancet diet diet plant-based diet
* Leukocyte telomere length

| |
| favorable
Plasma metabolomics . slower biological associations unfavorable
* 249 metabolites | aging and longer associations

+ Targeted platform

telomeres

Multivariable linear regression and mediation analysis

Associations mediated by distinct
plasma metabolomic signatures

signatures.
| RESULTS
w PhenoAge acceleration KDM Biological Age acceleration Leukocyte telomere length Mediation by plasma metabolites
(B per SD increase in diet score) (B per SD increase in diet score) (B per SD increase in diet score) (Through selected metabolomic signatures)
Slower Faster Slower Faster Shorter Longer B Totaleffect (§) M Direct effect (8, adj
, adjusted)
aging B (95%Cl) aging aging B (95% Cl) aging telomeres B (35% CI) telomeres
% mediated
EAT-Lancet diet -0.172 EAT-Lancet diet -0.159 EAT-Lancet diet 0.105 EAT-Lancet diet I -
(EAT-LD) (0.210,-0.134) ~ (EAT-LD) (0.196,-0122)  (EAT-LD) (0068,0.142)  phenoge acceleration o
Healthy plant-based o -0.089 Healthy plant-based o -0.079 Healthy plant-based o 0.071 EAT-Lancat dist < _
diet (hPDI) (0.121,-0057)  diet (hPDI) (0.111,-0047)  diet (HPDI) (0.039,0.103) KoM Biological Age : 245 36%
acceleration 010
Less healthy 0.073 Less healthy 0.064 Less healthy -0.056
plant-based diet (0.039,0.107) plant-based diet (0.031,0.097) plant-based diet (-0.088,-0.024)  EAT-Lancet diet — I 0105 g
(uPDI) (uPDI) (uPDI) Leukocyte telomere length P 0.065
03 02 01 0 01 02 03 03 02 01 0 01 02 03 03 02 01 0 01 02 03 -0.20 -0.10 0 0.10 0.20
B coefficient (95% Cl) B coefficient (95% Cl) B coefficient (95% Cl) B coefficient

EATLancet diet
provides more
specific
recommendation
intake levels for food
groups:

plenty of vegetables
fruits,

legumes,

whole grains,

nuts, moderate
seafood, poultry, and
dairy,

restricted red meat,
sugaryfoods, and
saturated fats.

NPJ aging 2025



Healthy Plant-Based Diet Index (hPDD

Cereali raffinati
(es. pane bianco, riso bianco)

Cereali integrali

Misura |'aderenza a una dieta prevalentemente vegetale (es. avena, farro, riso integrale)

basata su alimenti poco processati e salutari.

: Patate
Componenti che aumentano il punteggio (esempi) L
¢ Cereali integrali e Legumi Nardins Bevande zuccherate
e Frutta e Frutta secca e semi
e Verdura ¢ Oli vegetali sani (es. oliva, colza) Legumi Succhi di frutta
e Té e caffe (fagioli, lenticchie, ceci)

Dolci e dessert
Frutta secca e semi
Snack dolci e salati

Unhealthy Plant-Based Diet Index (uPDI)

Oli vegetali sani

0SPowmE )

Misura |'aderenza a una dieta prevalentemente vegetale (es. olio extravergine di oliva) Cibi fritti
basata su alimenti altamente processati e poco salutari. .
Te, caffe @ Margarina e grassi idrogenati
Componenti che aumentano il punteggio (esempi)
» Cereali raffinati » Dolci e dessert SPETTRO DELLA QUALITA DELLA DIETA VEGETALE
* Patate * Snack dolci e salati o
* Bevande zuccherate » Cibi fritti
il : . . Alta qualita Qualita intermedia Bassa qualita
* Succhi di frutta * Margarina e grassi idrogenati 7ol
(minimamente processata, (altamente processata,
ricca di nutrienti) povera di nutrienti)
Alimenti integrali e minimamente processati .0'.,' Alimenti altamente processati e raffinati
/
Ricchi di fibre, vitamine, minerali, fitonutrienti x Ricchi di zuccheri aggiunti, grassi saturi, sodio
Basso indice glicemico, alta densita nutrizionale m Alto indice glicemico, bassa densita nutrizionale

Esempi: dieta mediterranea vegetale, integrale

Associato a minore mortalita e rischio cardiovascolare 'vn Associato a maggiore mortalita e rischio cardiovascolare
‘ Esempi: junk food vegano, snack, dolci, bevande zuccherate



STUDY DESIGN MAIN RESULTS: MORTALITY OUTCOMES DOSE-RESPONSE ANALYSIS

o9

- = . . . . . * P 3 i
&% Prospective cohort study Hazard ratios (HR) per 10-point increase in diet index score Healthful Plant-Based Diet (hPDI)

—— Unhealthful Plant-Based Diet (uPDI)
m Population Healthful Plant-Based Diet Unhealthful Plant-Based Diet 20
== 199,813 participants from the Outcome (hPDI) (uPDI)

Adventist Health Study-2 (AHS-2) HR (95% CI) HR (95% ClI)
United States and Canada

All-cause mortality

P for non-linearity
hPDI: <0.001
uPDI: <0.001

1.5

1.0
1.23 (1.20-1.26)

Hazard (93% CI)

(155, LI, - - . -
0 25 50 75 100
Diet index score

Baseline All-cause :
2002-2006 mortality O~ | 0.74(0.72-0.77) -
|
®, Follow-up

=

i
i
!
Up to 15.7 years :
|

CVvD

(median 7.3 years) "
mortality

0.62 (0.55-0.70) —&—+ 1.29 (1.15-1.46)

2.0 :
Dietary assessment ] CVD mortality

|

|

|

i

Validated food frequency :
questionnaire (FFQ) Cancer !
I

I

|

|

|

)}

P for non-linearity
hPDI: <0.001
uPDI: 0.002

0.81 (0.76-0.86) o 1.22 (T7T5=T.30]

@ Objective ovEsty
To examine the association between
healthful and unhealthful plant-based " ; 05 1, g > > -
diets and all-cause, CVD, and cancer 0.5 1 15 | 05 15 0 25 50 75 100

mortality Diet index score

- o 2.0 i
PLANT-BASED DIET INDEXES Lower risk Higher risk Cancer mortality

Healthful Plant-Based Diet Index (hPDI) HR (95% CI)
High in:
a Whole grains, fruits, vegetables, nuts,
V legumes, plant oils, tea, coffee

Cowii 0 25 50 75 100
Refined grains, potatoes, sugar-sweetened

EeGersguiiiivocts; ki focce PARTICIPANTS BY QUINTILES OF DIET INDEX SCORE Do
Unhealthful Plant-Based Diet Index (uPDI) Healthful Plant-Based Diet (hPDI) Unhealthful Plant-Based Diet (uPDI) KEY TAKE-HOME MESSAGES

High in: All-cause mortality HR (95% Cl) All-cause mortality HR (35% Cl)

Hazard (!

s s e e o - —

P for non-linearity
hPDI: 0.01
*Multivariable models adjusted for age, sex, race/ethnicity, education, smoking status, uPDI: 0.02

physical activity, body mass index, total energy intake, and other dietary factors.

Hazard (85% Cl)

é Refined grains, potatoes, sugar-sweetened - - 0 A hea!thfm pl.ant-based diet is strongly
BV ‘boverages. sweits, piarit-based deaserts, Quiitie ‘; HRABSWE! finthe ! HERESED v associated with lower all-cause, CVD,
fii5d foods Q1 (Lowest) ? 1.00 (Ref) Q1 (Lowest) ? 1.00 (Ref) and cancer mortality.
Q2 o 0.91 (0.87-0.95) Q2 | v 1.10 (1.06-1.14) e
| -
Q3 . 1 0.82 (0.78-0.85) Q3 | 1.18 (1.14-1.22) ".g asnsg:l:iai:cti wli]tlf t:;;era:;la-ca::e:e;s
’
Q4 o } 0.74 (0.71-0.78) Qa ! o 1.27 (1.23-1.31) w/ CVD, and cancer mortality.
Q5 (Highest) +e+ ! 0.63 (0.60-0.66) Q5 (Highest) | M4 1.46 (1.40-1.52)
‘ t y ‘ : " The overall quality of plant-based foods
o8 ! b os ] 19 615 matters more than the absence of
Lower risk Higher risk Lower risk Higher risk animal foods.

HR (95% ClI) HR (95% ClI)

JAMA INT. MED. 2021



Exploring the effect of different diet types
on ageing and age -related diseases

Mitochondria

Peroxisomes

cytochrome p450 enzyme

'

*Telomere
damage

**Genomic
instability

Progeroid syndromes

Loss of retinal, gray hair,
osteoporosis, immune deficiency

Cellular
senescence

1/
Tissue renewal

prevention

* Incomplete replication
of chromosomal ends

**Genotoxic drugs
Tonizing radiation
Replication error
Double strand breaks

Epigenetic changes
Mitochondria
damage
v
Oxidative DNA Loss of
stress  methylation  histones
A 4
ROS induced Necrosis  5-hmC Stem cell

apoptosis

renewal inhibition

v

Nutrition 2025

Diet type

l Mediterranean l

Paleolithic

Diet composition and duration Main findings Mechanisms involved References
Inclusion of walnuts (30 — 60g) to The presence of n-3PUFA was associated ) Telomere attrition [37]
normal diets for 2 y. with the prolonged ageing with reduced 1 Oxidative stress
incidence of age-related diseases.
Intake of spinach (225g/d/person) for Higher levels of folic acid and carote- | Homocysteine levels in plasma. [38]
16 d. noids upon intake of spinach was linked 1+ Production of antioxidant
to the protection against DNA damage in enzymes.
humans.
Olive oil (1L/wk), walnuts (30g/d), Amelioration of dyslipidemia and DNA | F2- isoprostanes (F2-1P) [39]
white meat, and red wine. oxidative damage in metabolic syndrome J B-oxo-7,8-dihydro-20 -deoxygua-
individuals. nosine (8-oxo-dG) production
Vegetables, grains, legumes, nuts, Higher intake in fiber and vegetable pro- | Production of ROS [40]
and a portion of low-fat yogurt a day teins led to an increase in insulin sensi- | Phosphorylation of TNF-cc
for 24 wk. tivity, antioxidant enzymes, as well as a | Basal lipolysis in adipocytes
decrease in both visceral and subcutane-
ous fats.
Vegetables, grains, legumes, nuts, Improved management of diabetes with 4+ PIBK/PKB and insulin sensitivity. [41]
and a portion of low-fat yogurt a day reduced subfascial and intramuscular fat
for 6 mo. in the thigh adipose tissue.
Constant intake of vegetables, nuts, Reduced oxidative stress. body fat, and 1 Oxidized LDL and total cholesterol. [42]
grains, and a reduced intake of satu- cholesterol levels associated with the | Secretion and assembly of VLDL
rated fatty acids. consumption of vegetarian diets. and chylomicron.
1 LDLR expression in the liver.
Zero carbohydrates, plant-based fats, This diet improved memory, survival, J Insulin and protein synthesis [43]
minerals, and fibers. and prolonged healthy in lifespan in | Fatty acid synthesis.
mice. 1+ Production of PPAR-cx
+ Activation of beta-
hydroxybutyrate
Low carbohydrate content (< 1), Preservation of skeletal muscle mass and | Endoplasmic reticulum (ER) stress, [44]
protein (10 %), and plant-based fat function in aged mice. protein synthesis, and proteasome
(89 %) for 24 months. activity.
1+ Mitochondrial biogenesis.
4+ Oxidative stress response.
Intake of 7.24 kcal/g paste of 75.1 % Intake of KD ameliorated myocardial 1 Antioxidant enzymes [45]
fat, 8.6 % protein, 4.8 & fiber, and 3.6 remodeling in aging. 1+ Autophagic flux by reducing
% carbohydrates for 4 months. protein expression of p62.
| Expression of C/EBP homologous
protein (CHOP).
| Expression of cleaved activation
transcription factor 6.
Intake of high-fat high-sugar diet Consumption of HFHS led to the increase 4+ Phosphorylation of AKT and mTOR [46]
consisting of 65.4 % fat and 19.6 % in age-related tumor and activation of pathway.
carbohydrate for 24 wk. inflammatory in mice. 1 Initiation of epithe-
lial -mesenchymal transition (EMT)
markers and metastasis.
High intake of fructose corn syrup Activation of monocyte and astrogliosis 1 Pro-inflammatory cytokines. [47]
(57.6 %), fat (16.4 %), protein (16 %), as well as increased risk of Alzheimer’s 1 Expression of triggering receptor
and fiber (4.3 &) disease (AD) in mice after consumption expressed on myeloid cells 2
of WD. (TREM2).
Consumption of Belgian waffles, fast- Reduction in hippocampal-dependent 1+ Production of beta-amyloid pla- [48]
food, toasted sandwich, and milk- learning and memory and high risk of AD ques.
shake for 8 d. after long-term consumption.
Intake of lean meat, fruits, fish, vege- Decrease in glycated hemoglobin 4 Insulin sensitivity. [49]
tables, root vegetables, eggs, and (HbA1c), triglycerides, blood pressure,
nuts for 3 mo. and fasting blood glucose.
Lean meat, fruits, vegetables, and Significant reductions in blood pressure, | Fatty acid pathway. [50]
nuts for 7 d. plasma glucose, LDL, total cholesterol, 1 Insulin sensitivity.
triglycerides, and mitigating the risk of
cardiovascular disease.
Eggs, vegetables, avocado oil, bacon, Adherence to this diet led to a reduced J Production of serum leptin. [51]
herbal tea, and coconut milk for 8 weight in obese patients, reducing the | Brain-derived neurotrophic factor.
wik. series of cardiovascular diseases, as well
as improving cognitive function in
patients.
Consumption of barley, miso soup, Prolonged lifespan with concomitant | Cell senescence [52]
tofu, rice, fruits, wakame seaweed, reduction of lifestyle diseases. J PIBK/AKT pathway
fermented products, and others for
7d.
Intake of rice, miso soup, pickles, Adherence to this diet led to the preven- 1 Antioxidant enzymes [53]

seaweeds, fish, green and yellow
wvegetables, and green tea.

tion of cardiovascular diseases, dementia,
and cognitive decline in patients.

J Proinflammatory cytokines
| Expression of histone acetylation




Examining nutrition strategies to
Influence DNA methylation and
epigeneticclocks: asystematic
review of clinical trials

Summary of the results of the systematic review on human intervention
studies in adulthood examining the effects of nutrition on DNA methylation
clocks and global DNA methylation. Abbreviations: LINE1, long interspersed
elements 1; PUFAs, polyunsaturated fatty acids; 1, Gensous et al., 2020; 2,
Scoccianti et al., 2011; 3, Fiorito et al., 2021, 4, Meir et al., 2021; 5, Salas-
Huetos et al., 2021; 6, Per lyev et al., 2017; 7, Frankhouser et al., 2022; 8,
Hunter et al., 2019; 9, Michels and Binder 2024, 10, Crider et al., 2011; 11,
Jung et al., 2011; 12, Chen et al., 2019; 13, Zhu et al., 2016; 14, avonoids
study in Sae-Lee et al., 2018; 15, Ostojic et al., 2018; 16, Worthley et al.,
2009; 17, vitamins B9 and B12 study in Sae-Lee et al., 2018; 18, Hiubner et
al., 2013; 19, Jenkins et al., 2022; 20, Chan et al., 2017; 21, Demidenko et
al., 2021.

Frontiers in Aging, 2024

Dietary patterns

Methylation clocks Z LINET

Global methylation /

DAY

Mediterranean diet 6‘ w1 -+ 3

Balanced diet +
cruciferous vegetables

Balanced diet + green tea
and soy products

*

@4

42
42

Specific foods

MNuts

&

PUFAs (omega 3 and
omega 6)

Vitamin B9 (folate)
Vitamin D3
Flavonoids

Guanidinoacetic acid

Probiotic (bifidobacterium
lactis)

@®°
*/. 12

.14

e’ ®:*
@1

4 13

.14

.15

.'16

Multivitamin or multimineral supplements

B9 and B12
B6, B9, and B12
B9 and Zinc

B9, C,and E

Calcium and either D (for
women) or A (for men)

+ Lower epigenetic aging

T

.'l'."

+r 21

Increased global
methylation / LINE1

@® no change

/

417
.18
@ 9
.20

Mixed results in
the same study



Blue Zones, an Analysis oExisting Evidencethrough

a ScopingReview

Aging anddisease 2026

The Netherlands (one
municipality defined as
N1)

Martinique/Guadeloupe
(France)

Menorca (Spain)

Rugao (China)

Loma Linda
(California, U.8.)

Studied in 2019
through the
Longitudinal Aging
Study Amsterdam.

A study validated the
age of super-
centenarians who
died between 1988
and 2016.

A single study
analyzes whether Es
Migjorn Gran and
surrounding areas
could be a Blue
Zone.

Studied since 2007-
2008 by the Rugao
Longevity and
Ageing Study
(RuLAS)as a
potential Blue Zone.
Identified by Dan
Buettner in 2005,

N1 (municipality) has a cumulative
proportion of exceptional longevous
participants of 8.3%. Comparison with
other municipalities.

The prevalence of supercentenarian
deaths in these regions was found to be 7
to B times higher than in metropolitan
France.

The study concludes there is not enough
evidence to classify Menorca as a Blue
Zone. Centenarian records are
inconclusive due to the small population
size.

A stable longevity zone exists in the
central region, where people are more
likely to reach 90-99 years, but fewer
reach 100. Progressive decrease in male-
to-female ratio with increasing age.

No published studies on longevity or
specific indicators in Loma Linda.

WWIL: World War II. ELI: Extreme Longevity Index. U.S.: United States.

Favorable genetics, a healthy lifestyle, and a
walkable environment. The population benefits
from a favorable genetic makeup and healthier
lifestyle habits, such as less smoking, lower
alcohol consumption, and a higher fruit intake.
Regular biking and a strong sense of
religiousness and community participation in
activities like singing and paid work further
contribute to the region’s longevity. The more
walkable and livable environment also supports
an active and healthy lifestyle.

Genetic selection from extreme conditions
during slavery, high maternal fertility, and
longer-lived siblings, suggesting a hereditary
component.

No scientific evidence identified.

No scientific evidence identified.

Population influenced by Seventh-day
Adventists. Vegetarian diet, no alcohol
consumption, moderate physical activity,
spirituality.



